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P 110 220 330 440 440
NINRUA
31U
H3nfinnn - - - - 110
719U

3. Qmé’nwmwaaﬁmﬂﬂﬁﬁwszmﬁ (M14Y0pNAd Washington Accord #39 §IUUDANAN Sydney Accord)

3.1 ugminuFouledsynI1NTIeTVIVINa NG A UAMANYUL YO TNTIAT TIUTYaIARNI1uY0ANAY

Washington Accord

a1Ru anwazUndfinfineszad SRAIYY/5183U AN85UNE5183Y
(Graduate Attributes)
audannag Washington Accord
1| Au3audaanssu (Engineering 01204111 Iﬂsaa%mﬁugmmmswumuﬂama%

Knowledge)
- gnansauszgndldauinieinu

ANAAIERS INIFERNT HUFIUNIY

ABUA MBI LATASTIUSHNTY

(Computers and Programming)

adelnil nsunudeyalumaufiames n1s
uATQYIMBTUNDUID N1T9BALULLAY

WL lUsHASH N5eulUsHASULUDIAU

-17 -




aeu Snunzdudinfifiauszaed NIV 318391 AND5UIIITIU
(Graduate Attributes)
Autannas Washington Accord
NI UALAINS RNIEITAINTIY AIENI1YITEAUGS NITRNUGUANS
Wionsudluwazmeneu vesywima Waunsusieiiosmesiames
Anssufidudou 01205201 N13TLASIZY 299 9NTTUARNTINAY

Arnssulnddesnu
(Introduction to Electrical

Engineering)

AszLEadu 13 lalniuaznsly
UNBLADS LAaEN1TIT U Ul allad
sruulnanua szuudednga wndesile
gl

01205202
UfuRnsIengsulnii |
(Electrical Engineering

Laboratory 1)

YA UANI94A 83Ul 09 T euluden

Fenssulnindasdu

01206221
runazdulasadiuszend
dusudmIng (Applied Probability

and Statistics for Engineers)

ANuU19zdu ArAInAZILLAENITHAN
s fuiliialy niswanuas
AMNNTFUAIBYN ATBUNIUNED R
dmiuilym msduiedimiliuazaes
YA N1IATILRNITANNBY NITIATIEN

AMNLUTUTIULAENISUSEENA AR ARy

IBUUYAEINNTIU

01208111
AMITULUVIAINTT

(Engineering Drawing)

WALANISITEUAIONYIULAEAILAY NS
Weusunsusvindalsvend nsideu
AMnepslsnsWin nsilleunnauila
nsliauauazLnus A uAaIALAG B
A5 3 sunIMEAIIY98 N1 IR UAS
WATANISIWIUAINTIS NISITULUY
LARISIEAYLD 8ALATNITLT 81U
nMnusenau nsilsuluuldrouiimnes

Y8 UnInu

01208221
NAFMEANSIAINTTY |

(Engineering Mechanics 1)

N133LATIEMUIY auna n1sUszend
aunmsaunafulassaalaziadosinina
Wwunseus  vnauvesulda au
unuus g suuagluuden wida
ANLFANIULITY AN anguaTaAILNIY
Nuiaiiou LafiesnInvetauna L

ANULRDYVRINUNNAFAENSLUDIAU

01213211
TanenansdmIuIAINg

(Materials Science for Engineers)

ANMUAUNUS e 1NI191ASIES19 auUR
NIEUIUNIT LATANTTAULVRITAR

TAINTTU LqumwauqaLWmLazms
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anwarUufanneUsyaen
(Graduate Attributes)

Autannas Washington Accord

SWEY/5187397

AND5UNYSIBIUN

fn1u Tassadneganiauazunaiad
dunusnvaudhvesianiaingsu n1s
n33d0ulATIAsT19eITan N1TNAREY
wagn1sInsIeiantivesian n1snn
nYouLazNIsIdBNvDITAR NTTUINNS
HANYRITARIMINTTL TanUsEnauLay

o

Tanneadn

01202211
Mﬁﬂmmasmsﬁﬁmmﬁugmma
AAInTTuLAdl

(Basic Principles and
Calculations in Chemical

Engineering)

[

NANNIIAUIUNUFIUNITAINTTULAL
N19v1Aau0a137 LA 8adsuayll
\Rendeafufisead augaingain s
nandsulagldteyaaunainil Jeya
NNNYANUALTOYANQUNNAAERS
nswAdmaaaasuasnasIU uag

nsUszandlglunszuiunsdilen

01202212
mMsujuRnIsengmie |

(Unit Operations |)

wuzdnannisvesn1sufuanisianiey
iy afneAansvesvesinanaznig
Useynd Usingnisaleasnisinaway
aumsfiugiuveanslva msluavesues

a o o

lnaviindndililauaziindndalaluve
wagd uuig gunsaldanuvesinag
iFeadloflliindnnisiva mInauuas
N3N NAFNERSYDIOUNIALATUANNTS
wonaynafousliuduazusuniog
n1sanagnau Wadlalwdu n1sunan
YUIRLAENTARLENDYNIAF BT B4iTe
na warn13Uszyna ldlunssuiunisd

K38

01202215
QauvnaranTIAINTIUAT |
(Chemical Engineering

Thermodynamics )

Muiazauou ngieiiviaazuuife
flugruvosguwarand aunsanT
anuduiusvesautianiig  ngded
assuazdefiannvesguvmamans Iy

INTNRUNNAFNENT

01202216
Usingnisainisaneleu (Transport

Phenomena)

noAMUNtnvelafiu ngn1suiAIY
Fouveiies ngnsunsvesiind auna
YoaldluuAl WHNULaEIa 3501308

WUULYAA @1n15N1sHUsIUREY n1sane
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a1AU dnuaiztadfinfineUseaed SRAIYY/3183U A195UYIIEIVT
(Graduate Attributes)
Autannas Washington Accord
Toul U UUANNG I ULAL A TENI19T])
A AAUNNTIAY
01202222 A3581UTIIMINILAN U§ATenaiuay

NITUIUNITIAINTIULAL]

(Chemical Engineering

A5LUA BuBURINI9NE AN LA AU Ul

N3UTUNIT Qﬂﬂiﬂj LAENIITUYBINIT

Processes) UfjuFnslugeamnssunszuiunisiall
qmamnssw’ﬁyal,wﬁﬂ anamnssullng
Al 9AAINNTTUBINIT QAAINNTTH
wilduel enamnssunaniueiEuIlan
01202311 N1511AUTBU NTNIANUTOU NITUK

mMsuuRnIsemgie Il

(Unit Operations 1)

Ssaudeu wdemanidsuniusou
LuLiednty wissuaniUdsunutou
LUUaALAZYIe A3 asuantUABuAIY
FIULUULAY LA39IAIVLLL 1A3 03dY
YUY miﬁwmmamaiwﬁqsz‘]gumau

A15NAU

01202312
mMsujuanIsengnule i

(Unit Operations i)

n1saenula aunsaldnsunig

a wva &

Ui iRNsuuuieveamal MU uRng
AT UAINTU N139ATY LAT B9
BUWYY N15aAA N13RATY ULagNIT

Uszgnaldlunssuiunisdiden

01202316
QauvwaransIFINsIuLed |
(Chemical Engineering

Thermodynamics II)

seuuillansvianeviin aunavesingniai
Ja19naneyiln QuUUNaAIdNT V8

a1sazany aunaufisenad

01202317
WREnavdmsuIAIngadl
(Numerical Methods for

Chemical Engineers)

nsassaunsadlnAtansvastyninig
AFNTTUAL NALRAYLTIFILAVVDIFUNT
NYAMA N1TUIUSHUSITIRUAY Nalaae
\BeiavvasaN s lseyiusansyuas
aunisifeounus g os TUsunsy

AaufmasdmsUldwnauns

01202321
nsUszendldnauiamesnig
AmNIsuLAL

(Computer Application in

Chemical Engineering)

nsldlusunsumeuRianesifieuidaym
193N uLAd N158519UUUTIA8
N3¥UIUNIT N1SRONLUURUNTal
UUAnIsianz Nyl wasn1siATei

nszvumslagldwenduisdnsogy
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a16u dnuaztudinfinelszasd SHEIY/97830 A195U19T183UN
(Graduate Attributes)
Autannas Washington Accord
01202341 AUNAFANENST LA JAUNAATARNST VD

AnssuUfizenadl

(Chemical Reaction Engineering)

v
S = I

Uinserndudamediu n1seaniuy

Weasiudwiuiaieasunsalindl a3
VRS Tduvesuds w3osujnsaifild

' aaa A & <
GREISNUARERRVIRIRINGIN

01202361
walulad@lendmnivimnanall
(Green Technology for Chemical

Engineer)

nannisAluA vuai wlulseany
gmaIMnsIN 35n130n dids uadiv
MAdes UaRBUDI01NALALNINTBITY
wann1snistesiunaivlaeldinalulad
az1n N1sUseLiiunaeni)insdin ns
PONUUULTITLIALATYEN 3209
13 048 0n159AN198 JwInd audi ddy
duq lueynsunnsgiuaina letoale
14000 InglNugiuamnuimsimnssy
Tunnsuseiliu 91889 uageenuuy
farsuiaduAsugAIandLas A1y

Fdunany

01202362
AmnssuAnuUaannuLazn1s
UseiiuauLdes

(Safety Engineering and Risk

NYINYILATAVANGATQAATNNTTY
LUUINADIN15NSE8n1sUanUaneie

anAdy nsszilauaznisUesiu gunsal

4908 N15TUNDUATIY A15UTLLEU

Assessment) AMULABINAZTURTIEEIBLTI N15IANTS
AEE N139539a0UURLYA NYVINIY
JoUsAuAMNUaRANY T58UTIN ey
nsussgnaldlunssuiunsdiden

01202413 LuIRaLarduneuni1seantuuls ey

N1598NWUULTINUMSIFINTTULAL

(Chemical Engineering Plant

LALNTEUIUNITHANNIIIAINTTULAL

TONIITUININATYFANGAT AL

Design) Uaonsouazduandon n1siATIeiiing
wagn133198 9599 n1seenwuuli
AT 4n N13oenLUULAT BT 1Y
naniaumLFeuLATaIAT

01202414 wiNyareeN1sEaNkUUNG Jadnfinly

N1590NLUURUNTANIIAINTIH
vl
(Chemical Engineering

Equipment Design)

n1seankUUkazNIsenldTandmsy
gUnsallulssarunssuiunisnig

FAINTIULAL N15AT 198 UTAT NN
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a10u dnunzindiniiieuszasd SWERYY/ 3181 AB5UEIEIU
(Graduate Attributes)
Autannas Washington Accord
AUIUNINIAINTIULATIAIEABUTINDS
BoWAWIS NMIVIMTIATING
01202421 LUUTIBBINIIAMAAIANT VO3
WAMAASUDINTZUIUMIUALMT | NTEVIUNIINIIAINTIUAT InATiANIT
AIUAY wAUvuaznamansvesseuy nanMs
(Process Dynamics and Control) muqmmw”auna”u N157LASIEN
LERYININTYDITEUY N158DNKUUTTUY
AUANLAzADUALRIAIIA uazmale
nsAUALTg
01202431 n1seuteyan1ensUyduazaun1siiy
WiswgAansuazn sUTEliusIA | 9890A@1MNIINLAN N15UTEUIUTIAY
MEIAINTSULAL dunu veuad esdnseunsally
(Chemical Engineering ASTUIUNSHAAYIUAT WagNITIATIEA
Economics and Cost Estimation) | 13aiasugmaniiiieszneunisdndula
lun1seonwuulssnunidainssuiall
N33R RBLATYgAaastunsiden
nsgulunITiAd wagnisaanuly
QAANNTTULAL]
01202492 weluladilagdumdimnssuad Yagdu
walladtagtumadmnssuadl | g9 welula%nm waluladngaaud
(Current Technology in dr07n
Chemical Engineering)
2 | mshmszleyin (Problem Analysis) | 01202495 N3OS EUTRLAUBLATINIUNINTAINTTY
- anns0TeYy Reaums 19 Audu uaz lasanudeanssuad | il waznIsULEUD
RG] ﬂagmmﬁmmsuﬁ%’usﬁau (Chemical Engineering Project 1)
wieliilsdoasy veslyvniifiiuddy e | 01202499 nsviliiianalassnudanssual nns
14 ndnnmsne adlaeans Inerrans lasanudmnssuad UUAN15NAaes N15LAT8NII89Y
SITUVIR Uar IMeININAIMNTINAERS | (Chemical Engineering Project Il) | Tassaunisiiauenasiuinilan
3 | mIsanuuu/vmumAneuvasleun | 01202413 waAauazd unoun1seanikuulsay

(Design/Development of Solutions)
- ansaRRILIMIAIRE U U MINIa
Jnssuiidudou waresnuuuszuy
Fuau wienszuInms auausdu
UaZLALZEL AUTENAITAINIAIU
#1550 ANNUABANY TRIUETIY deAn

WAL AINA DY

A1598NWUULTINUMSIAINTTULAL

(Chemical Engineering Plant

LAYNTEUIUNITHANNIIIAINTTULAL

TONINTUININLATHFAIAAT AL

Design) Uaensuuazasuindan n1s3Asziieg
LaEN15319K 91599119 n1seenuuulu
WazaNfiga n13eenLUULAT Y e
waniUasuAILSeULAZIIAATS

01202414 VANYAYeINITERNKUULTING Todnfinly

n1seanuuukarnsidenldiandiniy

-22 -




Gl Snunzdudinfifiauszaed INAIYV/9183U7 AN95U189183U1
(Graduate Attributes)
Autannas Washington Accord
nseenkuugUnsalmemnssy | s unsallulssaiunseulun1snig
LAl Tangsuad n19as19aUIngnnng
(Chemical Engineering ATUIUNIIFINTTULALIAI8ADLNILADS
Equipment Design) ONALIT NIFUIMITIATINTS
4 | nmsduAu (Investigation) 01202495 N9LATIUUDLAUDLATIIUNITIAINTTU
- ansosidunsiviuiiemdineuves | lassedanssadl | LAl LaznsuLEuD
Hymmadmnssuiidudou Ingl¥A31u397n| (Chemical Engineering Project )
NUITBLALITNITITY TINEN NMFPBNLUY | 01202499 nsviliAanalassudamnssual n1s
NINAADY MTIATIZA Laznisila IAssnudmnssuLAdl I UUAN15NAass N15LAT8USI8I1Y
mmmmmm%’a;ﬁa (Chemical Engineering Project II) Tassnunsiausranuynila
msdaaneideyaiiiolildnaasuil \Jeode
e
5 | msldin3asfieviuaiie (Modern Tool 01202321 nsllusunsumouRunesifowdaym
Usage) nsUszendldnouiatmesnig N9TAINTIULAL NITAT LUV
- @1130a379 Weonld mallads niwens | Imnssuedl N3¥UIUNIT N1seanuuvaUnsal
waz Winsosdevuatomdmnssuuay (Computer Application in UUAn1sianienule wasn1siAei
wiAlulad asauwma s2m8nN1snensad n13| Chemical Engineering) nszvumslagldronduisdnsogy
Yuvuiaemenumaimnssuiidudeudt | 01202495 NISLATIUTDLAUDLATINUNIIAINTTU
dlafiefedinvenniosiione TAssAmnssuadl | i wagnsuLEue
(Chemical Engineering Project 1)
01202499 s AakalassuImnIsuAll n1g
lasanudmnssuad I YA URNIINABBY N15LATEUIIEIY
(Chemical Engineering Project 1) | lassaiunisuausnasiuiinan
6 | Arnsuazdeny (The Engineer and 01202362 WYTNYILATAVANENT B AAINNTTY
Society) IFINTTUANUUADANBUAZNIT LUUI1a99N15NT2wNTUanUa Dy
- NI LTMARASHAINUANNTHAL Usgiiluauides anAdy nsszilauaznisUesiu gunsal
mmi"ﬁ' 135U wnUseiiudsvihuuay (Safety Engineering and Risk 150y N139UNIUATIE N1TUTLLLY
HANIENUANNS 19d9AL Taountls ML | Assessment) AULAL LA S URTIEE 8L N15TANNS
Uaenasfe nne wagSausssuiiie i Audss msnsavaeugURg ngvane
AuMsUGURInTNIAINTIH TaUsRuANUABnASY 95581UTIV Uag
nsUszgndldlunssuiunsdiden
7 | Awandeuuazanudadu (Environment | 01202361 nannisAIuAuuan wlulseanu

and Sustainability)

- AU5OTANANTEUTBIAIRNDUVDS
Yaymarumaimnssuluusunvesdenu
uazAundeu WarANTANANIANNS LAY

o

AnuInduvasnsWaNATEu

walulad@derdmsuviansiadl
(Green Technology for Chemical

Engineer)

gnawnssu 3801500 Unde uady
mMades uafivuoenAkaznINYeLla
nannsnislesiuuaiivlagldmalulad
az01m N3Usliunaanininsdin N3

PONUUULTITLIALATYIA R TIUI
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a19u dnwzdaudinfineseacd SWEIY/31873%7 AM95UN8IIEAYN
(Graduate Attributes)
Autannas Washington Accord
\A3 03 8N159AN198 wwInd oud d1fy
duq lusunsumnsgiuaina latoale
14000 Tngldflugruanuimeimnssy
Tun1suseidiu §1a09 wazeonuuy
ATV AR ULATUEAIEAT uAZA U
Aswandou

8 | 935871UIUIYIIN (Ethics) 01202313 UHUANNTNINITANVUIA NITUEALTING
- aunsalvann1snRsEIUTIRaEll | URURnsIenssuadl | nsanelouveslranasAausou Lasn1s
d1iln SuRavausou s INNSUSUR (Chemical Engineering ndu
AFITWIFINT I Laboratory 1)

01202399 n1sinauluanvdvdeanssuaily
NSANIIU anuUsENauUNSeNIUY NUIBUNIASE
(Internship) MhenusFIamie vse aoufnw lne
fiszozandudiuiulidosndn 240
Falus uaglaitfosndt 30 Juviins
01202411 duanismenisanelouninuiousay
UM TImnssuad | 1A LAYNISAIUAN NTEUIUNTT
(Chemical Engineering
Laboratory )

9 | mavheudeauazyieududy 01202313 UJURNIININITAAVUIN NISUEATING
(Individual and Team work) UfuRAnsImnssuadl | nsanelouveslyaiasauiou wagnis
_vwhitldeeeiussansamitdlugiu (Chemical Engineering &

3 Mauden wasnmsvhandugiugdso | Laboratory 1)
favide fihiufifinuvannvanevesansn | 01202399 n1sinauluanvdvdeanssuadly
VTN nsHnaY A01uUIENBUNITLENTY NUIBIUNIATT
(Internship) MhenusFIamie e aoufinw lng
fisgozandudiuiulidosnin 240
alus waglaifosndn 30 Juviins
01202411 Uuanismienisatelouninuiousay
UfuAnsImnssuadl Il I WAZNITAIUAN NTTUIUNTT
(Chemical Engineering
Laboratory II)

10 | n13dass (Communication) 01202497 nsnauskareAuTededituiaula
- ansadeansenidmnssufidudeudu AN maamnssuailluszauuSygns
nauy U URInanIenssuLasdny (Seminar)

Tnugaldogne dusedndua 017 awnsa | 01202495 N1SLATIUTBLAUDLATINUNNIAINTTY
DNULALLTHUTIENTY NIIAINTTULAE 1A599113AIN55ULATl | Wil Lazn15ULEUD

- 24 -




Gl Snunzdudinfifiauszaed INAIYV/9183U7 AN95U189183U1
(Graduate Attributes)
Autannas Washington Accord

W3LULBNENTNNTEBNLUUNUY Fenssula | (Chemical Engineering Project 1)

o9l ANENA auInilaue ansa | 01202499 s AakalAsIUIFNTTULAL N1T

Tiwazsumuusihnuldegsdniau lasadeanssuad | UUAN1INAa8e N15LAT 8189
(Chemical Engineering Project II) | Tassaiunistiausnadnulinian

11 | msuimslasensuasn1sayu (Project | 01202414 VANYAYEINITERNKUULTING Yot rinly

Management and Finance) N580NLUUaUNIINITIAINTIY n1seankULkazNIsiienldTandmsu

SRR G PRHIEL PRHILRIE vl gunsallulssarunszuiunisnig

NANNIINIIFINTTULASNITUIMITIU (Chemical Engineering TAanssuLAl n1sas NallTagnnag

wag ansauszandldnannisusmslua | Equipment Design) AUINNITIAINTTULATI A8 ADUN LA DS

vosnu lugruggsrniiuuazdiiiuie BoWAKIT MIVITMTIATING

Wmsdans lasansimnssuiid 01202495 NITLATIUTDLAUDLATINUNIIAINTTU

ANNIIAABUNTTINY ANaInvate | lassnudmingsuiadl | \adl warnsuLEue

AUIYITN (Chemical Engineering Project 1)
01202499 s LAaNalATIUIFINTTULAN N3
lasanudmnssuad U UANI1TNAEBY N1TLATEUIIEIY
(Chemical Engineering Project II) | lassaiunisuausnadnuiinan

12 | msl3euinaandn (Lifelong Learning) | 01202399 A1 neuluavdgdainssuailu

o 3 o & =)
- mszntinuagiiuaudndulunisesey
# WislanunsansufuRnulalagan
WAz a1NI0NTSISEUIRaRATNLilelinTg

WagukUaamamumaluladuagIenssy

ANSHAIIU

(Internship)

A01UUTENBUNTLONTU YUIBUNATY
MhenusFIamne e aoufinw lne
fiszeznanduduladiesnia 240

Flug wazlidesnin 30 Tuvinig

01202495
TAsaaAdINgsuLAdl |

(Chemical Engineering Project 1)

ANSLAS YUV DLEUDLATINUNIIAINT U

WAL LAYNNSUNLEUD

01202499
TAsaanA3dINgsuLadl Il

(Chemical Engineering Project II)

AMSVLAANAlATINUAAINTSULAT NS
U URANITNABBY N15LATEUIIEIY

TaseunsitduanaudInan

o U a

e : WsnszydnuaeUndiaiifiaseasd (Graduate Attributes) insuiiusnniige lnsthmednilundngasiamunannsendaya
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4. NNTFIUHANITITEUS

UaANAITRL N TENINTIETVIVONNANGATAUL I TFIUHANITITEUT

¥

u’msg'mwamsﬁﬂui

Y

183UV MANGAT

s =

IN5LUIUNISAANIINGAIANS kAT d T NYy

v

wugulunsiuguanismesdiudennssy

vl

01403114 UfdRnsvdnyataiisialy
01403117 vdnyawafivily
01403221 LALIDUN3E

01403222 wpiiBuvizgnIAUfURNS
01417167 AUAAIAATIAINTTY |
01417168 ARAAEASIAINTTY I
01417267 AdlnEASIAINTIY I
01420111 WAndtly |

a wa

01420113 YuRn1sHEnd |

01420114 YdRn1sHEnd I

01204111 peuimaskaznstUTUNTY

01205201 Fmnssulindosiu

01205202 YuRn1s3mnssului |

01206221 ANuhazfunazadfussynddmiuiens
01208111 MIIHULUUIMINTTY

01208221 NaFansIAINTIY |

01213211 Jageansdmiviang

01202211 Mé’ﬂmmazmiﬁmamﬁugmmﬁmmimLﬂﬁ
01202212 nsugURnsamgne |

01202215 guvnamansIAINTsaLaLl |

01202216 Usngnisaimsaieleu

01202222 ASEUIUNNTIAINTIULAL

0120231 1nsUURANsRNIEVLIe I

01202312 n1sugdRnIsamzvae i

01202316 gauvnaAansIAINTTULAL |

01202317 Fssnavdmsuimnsiall

01202321 nsUsegndldaouitanesmimnssunail
01202341 Jrnssuufizead

01202361 walulad@dgrdgmsvicnsall
01202362 Imnssuaudasafouaznisuszidiunnades

01202413 11598NWUULSINUNIAINTTULAL

01202414 n1seenkUUUNTAIMIAINTTILAT
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NINTFIUNANTEOUS TPAVVBIVANGAS

01202421 wamam%mmﬂszmummaxmﬁmmu

01202431 A5ugANansuazn1sUsEiiugIAMIIAINTsULAL

01202492 walulagdagtumdainssuad

v v v

aunsalseyndldAIINg ANEINNTAN 1Y

Y

v
=~

INYIANENT LATNUFIUNIIAINTINANAA TN

«a

a

Tgluns@nenludvTnnsdminssuailla

01202413 N1599NLUULTIUMNIAINTTULAL

01202414 ﬂ’]i@aﬂLLUUQﬂﬂiﬁjﬂN%ﬂ’JﬂﬁiNLﬂﬁ

aunsaufuRausndmnssuad wiladgym

Tunsvinulseg1easneassAwazvanyay

01202495 TASHNUAAINTTULAL |

01202499 Tasesuidmnssuad I

anunsaufuRnuaIuIaIngsuLailla ogna
Weany dvinwelunisldinsesdiauazaunsal
AeItes awsaldmalulagnviuadeuay

walulagansaumelunisyinauls

01202321 nsUsgnaldaeuiinesMimnssuiail

a wva

01202313 YfuRn1s3mnssuadl |
01202411 YfURnFImInssuedl I
01202495 TasaaudAnssuadl |

01202499 TaseanuidInssuLadl Il

finmzanudufiuazinig Suilianudnn
AN AAUDANUY UANUFNAA @150

o I a
U uUny

01202313 YfuRn153AINssuAdl |
01202411 YfuRn1Fimnssuedl I
01202495 1A53913AINTSUAT] |

01202499 TasaanuldIngsuLadl Il

N w a

AAUART AR aN15UTENOUBITNNIIA U
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2. myeuansdaeulunsiazannug

M1919NTIBUBIAAIINS E1U13AINTIUAL

NANGATIANITTUANEIATUUINN
A1913913AINTTULAN

UAIINYIAYLNYATAERNS

dmiudiir@nunUnisiine 2565 - Un1sfinwn 2569

A138N13l58uvaAazIY

S8YauAzANAINITANYYEY

2
¥ A

BIARNNTNUF NN TINEIFNERT

01417167
ANANANENTIFINTTY |

(Engineering Mathematics 1)

WALAT. NUASAY LAALAST

W.U. AdiAAERS (117)

WA, ARAFNERS (W)

Ph.D. (Applie Mathematics)

New Jerssy Institute of Technology,
USA.

Uszaunisainisaeu 31 U

WALAS. SN Sesdunsne

WU, ANAAERS (1A.)

WAL ANAAIERS (JE0°)

WA, ANAAIEAT (JU0°)
Uszaunisainsaeu 26 U

WALAS. WUTING Taun?

.U, ANAFAERS (17.)

WA, AdlnAansUszend (3. wing)
Us.0. AMAFAERS (1. U9ina)
Uszaunisainisaeu 22 U

Wl Ny @S91301un

WU, ARAANERS (LIN.)

WY, ANAAIERS (19T.)

6

Uszaunisainisaeu 22 U

we.ng. fug guidu

WU, ARAANERS WNeSARENUAU 1 (un.)
WA ANAAIEAT (RU7)

Ph.D. (Mathematic) University of
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10.

11.

Notre Dame, USA.
Uszaunisainisaeu 17 ¥

HA.AS. AUANM AMITAILNG

AY.U. NMSABUANAMERS (1In.)
WAL AdaAERS (1n.)

Us.0. AdlaA1ans (W Uszanuiing)
Uszaunisaln1sdeu 13 U

NALAS. TYING ARUNLESS

v v

WU, AAAANERS WNeSAReNSUAU 1 (un.)
WA, ARAFNERS (W)

0. ANAAIEAT (RU0°)
Uszaunisainisaeu 13 U
HPLAT. d3871 0 MUBIATY
WU, ASAFAERS (1A.)

WA, AdaA1ERS (1n.)
Dr.rer.nat. (Mathematik und
Angewandte Informatik)

Univ. Hildesheim, Germany
Uszaunisainsaeu 27 U
9.0, INTANT AUNSNE

WU, ADAAERS (1A.)

M4 ARAEERS (1n.)

Us.0. AMIAFERS (1.1%nA)
Uszaunisainsaau 26 U
0.05. YtYldm ANy

WU, AAAERNT (1.51UALIA)
WA ANAAIEAT (R97°)

0. AdinFNERTUTEENA (Una.)
Uszaunisainsaeu 24 U

A, WUSR @3990

WU, ASAAERS (1N.)

WA ANAAIEAT (RU7)

Uszaunisainisasy 20 U
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12.

13.

14.

15.

16.

HNA.AS. AYINT NARIAUIAU
MU, ARAAIERNST (1)

Ph.D. (Mathematical Science)
Loughborough University, UK
Uszaun1salnsaou 11 U
9.93. [30sdnwal WVAUUN
MU, ALAAIERS LHYTATILSUAY 1 (1n.)
WA ANAAIEAS (RU7°)

0. ANAAIEAT (RU0°)
Uszaunisalnisdeu 10 U
HALAS. WANRET AR

.U, AEAAIERS (30.)

WA, ARAFNERS (W1)

Ph.D. (Mathematics)

Oregon State University, USA.
Uszaunisalnisdou 19 U
WA.AT. 53ANT AITUNS

.U, ADAAIERS (30.)
UszmealleUnsininag (uem.)
M.Sc. (Mathematics)
Georg-August Universitat Gottingen
Germany

Dr.rer.nat (Mathematik)

Julius Maximilians Universitat
Wurzburg Germany
Usgaunisalnsaeu 7 U

9.75. 5IAUNT Viues
Bachelor of Policy and Planning
Science

University of Tsukuba, Japan
Master of Mathematics
University of Tsukuba, Japan

Doctor of Science
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17.

18.

19.

20.

Shinshu University, Japan
Uszaunisalnisaou 9 U

0.09. MANG LTOUAY

Bachelor of Arts (Mathematics)
University of Virginia, USA.

WA ANAAIEAS (RU7°)

0. AAAFIERS (1)
Usgaunisalnisaou 9 U

9.03. IUNTNT LANUATINT

WU, pdaeaas (un.)

M.Sc. (Mathematics)

The University of Nottingham, UK.
Ph.D. (Mathematics)

University of Exeter, UK.
Uszaunisalnisaou 1 U

9.0%. sudu Urlwena

B.Sc. (Mathematatics)
Massachusetts Institute of Technology,
USA.

B.Sc. (Physics)

Massachusetts Institute of Technology,
USA.

M.A. (Astrophysics)

Princeton University, USA.

Ph.D. (Mathematics)

Jacobs University Bremen, Germany
Uszaunisalnisaou 1 U

0.05. 9ANANA 329

.U, ALAAIERS (1N.)

M.Sc. (Financial Mathematics)
King's College London, UK.

Ph.D. (Financial Mathematics)

King's College London, UK.
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Uszaunisainisasu 2 U

01417168
ANAANENIIAINTTY I

(Engineering Mathematics )

NALAS. AUASAY LAaLAST

WU AdAAERS (1)

WA, ARAAERS (R30°)

Ph.D. (Applied Mathematics)
New Jersey Institute of Technology,
USA.

Uszaunisainisaeou 31 U

NALAS. AT Se9EuUNnsne

.U, ADAAIERS (.)

WAL ANAAIERS (JR1°)

WA, ANAAIEAT (JU0°)
Uszaunisaln1sdeu 26 U

HALAS. WUANE 1AunD

.U, AAAIERT (30%.)

WA, AdlnAEnsUsEend (31.17na)
Us.0. AdAA1ERS (1.1%0a)
Uszaunisainisaeu 22 U

L | Ao

WA.AT. NUg duddu

WU, AlnAEns WNesRTaususu 1 (un.)
WA ANAAIEAS (RU7)

Ph.D. (Mathematic)

University of Notre Dame, USA.
Uszaunisadnisaeu 17 U

NA.AS. JUTNa AUNESS

v v

WU, ARAANERS WNeSANENSUAU 1 (n.)
WA ANAAIEAT (RU7)

WA, ANAAERT (397°)
Uszaunisainsaeu 13 U

HEl. YWY ASangetiud

WU, ANAANERNT (UAN.)

MY, ANAAIERS (19T.)

Uszaunisainisaay 22 U
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10.

11.

12.

WA DIA ATNEN

MU, ANAFERS (1N.)

WAL AdaAERS (1n.)
Usgaun1salnsaou 26 U

NALAT. ARYANT ARATAUIAU
MU, ANAAERST (11L.)

Ph.D. Department of Mathematical
Science

Loughborough University, UK
Usgaunisalnsaeu 11 U

HALAS. WANRET AR

M. ANAFERS (1N.)

WA, ANAFNERS (W)

Ph.D. (Mathematics)

Oregon State University, USA.
Uszaun1salnsaou 19 U

9.95. 5IUUNT TIuAS

Bachelor of Policy and Planning
Science (University of Tsukuba, Japan)
Master of Mathematics
(University of Tsukuba, Japan)
Doctor of Science (Shinshu University,
Japan)

Uszaunsainiseeou 9 U

9.75. NIANG LTOUAY

Bachelor of Arts (Mathematics)
University of Virginia, USA.

WA ANAAIEAST (RU7)

0. ANAAIANT (RU0°)
Uszaunisalnsaou 9 U

9.05. IUUINT LAAIATINA

.U, ASIAFERS (1N.)

M.Sc. (Mathematics)
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13.

14.

The University of Nottingham, UK.
Ph.D. (Mathematics)

University of Exeter, UK.
Uszaunisainisaou 1 U

9.a%. sudW Wlwea

B.Sc. (Mathematics)

Massachusetts Institute of Technology,
USA.

B.Sc. (Physics)

Massachusetts Institute of Technology,
USA.

M.A. (Astrophysics)

Princeton University, USA.

Ph.D. (Mathematics)

Jacobs University Bremen, Germany
Uszaunisainisaou 1 U

0.03. 9ANANA 31298

.U, AIAAERNS (1N.)

M.Sc. (Financial Mathematics)

King's College London, UK.

Ph.D. (Financial Mathematics)

King's College London, UK.

Uszaunisainisasu 2 U

01417267

ANAANENSIAINTIY Il

(Engineering Mathematics )

WALAS. NS Sesdunsne

WU, ARAANERS (1N.)

WAL ANAMERT (JR1°)

0. ANAAIENT (FU0)
Uszaunisainisaeu 26 U

HALAS. JUTHA WUNLESY

WU, ARAANERS WNeSARENUAU 1 (un.)
WA ANAAIEAT (RU7)

WA, ANAAERT (397°)

Uszaunisainisasy 13 U
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HA.AT. UG 1auna

.U, AUAAIERNST (31%.)

WA AdinFanTUTEYNS (1.1708)
Us.0. AdlaA1ans (1.1%0a)
Uszaunisadnisaeu 22 U

9.95. INTAN AUNSNG
W.U.ANAAERS (1N.)

WAL AdaAERS (1n.)

Us.a. AdnA1ans (U.u%na)
Usgaun1salnsaou 26 U

WPl DA FIWEN

M. ANAFERS (1N.)

AL AdRFERS (1N.)
Uszaunisadnisaeu 26 U
HPLAT. WANAET A3

.U, ADAAIERS (N.)
WuAdAAERS (J91°)

Ph.D. (Mathematics)

Oregon State University, USA.
Uszaunisadnisaeu 19 U
9.95. 5IUUNT TIuAS
Bachelor of Policy and Planning
Science.

University of Tsukuba, Japan
Master of Mathematics
University of Tsukuba, Japan
Doctor of Science

Shinshu University, Japan
Uszaunisainisaeu 9 U

9.03. IUNTNT LIAUATIND
.U, AAFERS (1N.)

M.Sc. (Mathematics)

The University of Nottingham, UK.

-55-




A19ENsisEUivaAa YT

FN8YauaTAMIANITANYILHaU

Ph.D. (Mathematics)

University of Exeter, UK.
Usgaunisalnisaou 1 U

9.0%. sudu Urlwena

B.Sc. (Mathematics)

Massachusetts Institute of Technology,
USA.

B.Sc. (Physics)

Massachusetts Institute of Technology,
USA.

M.A. (Astrophysics)

Princeton University, USA.

Ph.D. (Mathematics)

Jacobs University Bremen, Germany

Uszaunisainisaauy 1 U

10. .05 RANANA $N9IU

.. pdaeaas (un.)

M.Sc. (Financial Mathematics)
King's College London, UK.
Ph.D. (Financial Mathematics)
King's College London, UK.

Uszaunisainisasu 2 U

01202317

A BIRWAVEINSUIAINSTLAN

(Numerical Methods for Chemical Engineers)

1.

57.05. Huiien myAnanyal
6.0, FANTTULA (195.)

M.S. (Chemical Engineering)
Lehigh University, USA.
Ph.D. (Chemical Engineering)
Lehigh University, USA.

Jszaunisaiaau 19 U

01420111

Fandialu |

(General Physics 1)

1. 5A.A5. 3ANA LTE9M

MWM.U. WANE (ue.)
W WaAnd (1)

Dr.rer.nat. (Physics)
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University of Innsbruck, Austria
Uszaunisadnisaeu 23 U
37.05. MAH 1FauTuUNs
.. Wa@nd (wn.)

Us.a. #@nd (una.)
Uszaunisadnisaeu 10 U
HALAT. ALY J9ARANAINA
NALU. INUIAERSTENS (A2 UI9HEN)
.. Wand (un)

Us.0. AdlaA1Ens (1.1%0a)
Uszaunisadnisaeu 24 U
NELAT. UNOYS Funen

.. Wand (un.)

m.al. Wand (wn.)

Us.a. Wand (uuiina)
Uszaun1salnsaou 28 U
HAl. 178 guslenia

WU WaAnd (w+)

.. Wand (un)
Uszaunisadnisaeu 33 U
HNA.AS. ITNAI Nadu

.. Wand (uuiing)

Us.0. Wandwaund (uuiing)
Uszaunsainsaou 6 U
HA.AT. 93U LowEAT

.. WE&NE (wn.)

WAl Wand (una.)

Us.0. Wand (uva.)
Uszaunisadnisaeu 16 U

9. NaNus NuWaNY

B.S. (Electrical Engineering and
Computer Science) and B.S.

(Mathematics)
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10.

11.

12.

13.

MIT, USA.

M.Eng. (Electrical Engineering)
MIT, USA.

M.S (Applied Physics)
Harvard University, USA.
Uszaun1salnsaou 15 U

8. Aty Jungaulsal]
.. Wand (un.)

.. Wand (un)
Uszaunsalnisdeu 14 U
0.03. ¥ 2ednaiie

.. Wand (un.)

.. Wand (un.)

.o, W@ (W)
Uszaun1salnsaou 26 U
NA.AT. DAYR NulaATauN
B.S. (Physics)

University of Colorado, USA.
Ph.D. (Physics)

University of Colorado, USA.
Uszaunisalnsaou 14 U
HALAT. FNEUNS NOTAUNAS
.. Wand (un.)

M.S. (Physics)

Oregon State University, USA.
Ph.D. (Physics)

Oregon State University, USA.
Uszaun1saln1sdou 8 U

0.05. ungyid auysalfndde
.U, WaAnd (u.uitna)

M.S. (Physics) with Distinction
Imperial College London, UK.
Ph.D. (Physics)
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Imperial College London, UK.

Uszaunisadnisdeu 6.5 U
14.57.05. 391594 A sUUTBIEST

.. Wand (un.)

.. Wand (un.)

Us.a. W@nd (una.)

Usgaun1salnsaeu 19 U
15. w795, Uiwgyn duana

AU, Fenssuli (gune)

A3, eanssuliih (un)

M.Sc. (Physique et Applications)

ENS Cachan, France

Ph.D. (Physique)

Université Paris-Sud, France

Uszaunisainisaou 5 U
16.56.03. T¥8 WAYEY

.. WE@nd (we.)

.. Wand (u.udea)

.o, Wa@nd (u.uina)

Uszaunisadnisaeu 10 U
17.95. fise WawiAdivna

M.U. WaAnd (u.uitna)

.. Wand ()

Ph.D. (Physics)

University of New Hampshire, UK

Uszaunisainisasu 5 U

s
a o v

18.05. @sANA WuFHN
.U, Wand (un.)
.. WENE (wn.)
Ph.D. (Physics)
The University of Manchester, UK

Uszaunisainisasu 2 U
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01420112

Handvialu I

(General Physics I1)

. HALAY. 95U LowrAad

WU, Jdnd (wn.)

.. Wand (una.)

Us.n. Wand (uma.)
Uszaunisadnisaeu 16 U
NELAT. UNOYS Funen
WU, Wand (wn.)

w.a. Wand (wn.)

Us.a. Wand (uuiina)
Uszaun1salnsaou 28 U
AT, ITNAI WadU
.. Wand (u.uiing)
Us.0. Wanddaund (u.uiing)
Uszaunsainsaou 6 U
37.05. T¥a WAYAY
.. Wand (we.)

.. Wand (u.udiea)
9. WaAnd (u.u%ng)
Uszaun1salnsaeu 10 U
HEl. 18 guslenia

WU WaAnd (w+)

.. Wand (un)

Uszaunisainisasy 33 U

. WA.AT. dUU mmaqmﬂﬁ

NA.U. INAEASTENS (UA7. UN9Uaw)
.. Wand (un)

Us.0. ANAA1ERS (U.1%0a)
Uszaunisadnisaeu 24 U

HALAT. FINAUNT NOITHUNAS

.. WENE (wn.)

M.S. (Physics)

Oregon State University, USA.

Ph.D. (Physics)
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Oregon State University, USA.
Uszaunisalnisaou 8 U

8. . NANUS Nuauu
B.S. (Electrical Engineering and
Computer Science) and B.S.
(Mathematics)
MIT, USA.
M.Eng. (Electrical Engineering)
MIT, USA.
M.S (Applied Physics)
Harvard University, USA.
Uszaunisalnisaou 15 U

9. uA.AT. DAY IF WaulnaTau
B.S. (Physics)
University of Colorado, USA.
Ph.D. (Physics)
University of Colorado, USA.

s

Uszaunisainnsaeu 14 U

£ -

10. 5705, BAFNA YaYY
.. WENE (wn.)
M.l Wand (wun.)
Ph.D. (Physics)
Case Western Reserve University, USA.
Uszaunisaln1saou 9 U

11. 9. An3dy Jungyaulsetl
.. WE&NE (wn.)
.. Wand (un)
Uszaun1salnsaou 14 U

12. .05, ungys auysalfnAde
.U, WaAnd (u.uitna)
M.S.(Physics) with Distinction
Imperial College London, UK.
Ph.D. (Physics)
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Imperial College London, UK.

Uszaunisainisasy 6.5 U

13. we.ag. Uiweg duana

AU, enngsulili (gwv)

7.3, Aenngsulni ()

M.Sc. (Physique et Applications)
ENS Cachan, France

Ph.D. (Physique)

Université Paris-Sud, France

Uszaunisainisaau 5 U

14. HA.A3. INYNT HNDS

.. Wa@nd (un.)

Ms. (Materials Science and Engineering)
Stanford, USA.

Ph.D. (Materials Science and
Engineering)

Stanford, USA.

Uszaunisainisasu 3 U

a LY (Y s
15. 915, §9ONT FYIT1TINIA

m.u. Wa@nd (un.)

.. Wand (un)

Ph.D. (Materials theory)
Uppsala university, Sweden

Uszaunisainisasu 2 U

01420113
UfuAnsHEnd |

(Laboratory in Physics 1)

. 3A.95. 391594 aBUUTHIEST

.. WENd (wn.)

M.l Wand (un.)

Us.a. fand (una.)
Uszaunisadnsaeu 19 U
7.0, 4307 1e9nT
.. WA (uer.)

WA WaAnd (1)

Dr.rer.nat. (Physics)
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University of Innsbruck, Austria
Uszaunisadnisaeu 23 U
56.05. 3360 2ABNYAT
.. Wand (u.uitng)
Us.a. Wand (uuiina)
Uszaun1sainseou 6 U
3A.05. &5 ygyae

m.u. Wand (@9a.)

.. Wand (un)

Us.a. Wand ()
Uszaunisainseeou 9 U
SA.05. WIFANT JUNTAU
.. Wand (un.)

.. Wand (wn.)

Us.a. W@nd (waa.)
Uszaun1salnsaeu 25 U
3A.05. TYyy IdIsYY
WU, fdnd (un.)

ML WENd (un.)

Dr. rer. nat. (Physics)
Otto-von-Guericke Universitat
Magdeburg, Germany
Uszaunisadnisaeu 17 U
we.as. Unintla gavulay
.. Wand (u3s.)

WAl Wand (Wen.Usvanuiing)
Us.a. Wand (u.uiina)
Uszaunisainsaeu 5 U
NFLAS. UNGNS 3Tuven
WU, fdnd (un.)

.. Wand (wun.)

Us.a. Wand (uuiina)

Uszaunisainisaay 28 U
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9. 5A.05.7Y318 WAYFY

.. WEnd (we.)

WAL Wand (u.uiea)

.o, Wand (u.uina)

Uszaunisadnisaeu 10 U
10. We.ag. A5 nasu

.U, WaAnd (u.uitna)

Us.a. Mantidandl (wuiina)

Uszaunsainsaou 6 U
11.WA.AS. JUNY LPAANAIIA

NALU. INEAERSTHENS (A2 U19E)

.. Wand ()

Us.0. AtlaA1Ens (1.1%0a)

Uszaunisadnisaeu 24 U
12.0fl. 3118 anslenia

WU WaAnd (W)

.. Wand ()

Uszaunisadnisaeu 33 U
13. WP, IgNT AU

.. WENE (wn.)

M.S. Physics

University of Colorado, USA.

Ph.D. (Physics)

University of Colorado, USA.

Usgaunisalnsaou 18 U
14.57.05. 93 Sauananes

.. TE@nd (we.)

W Wanduseend (a3a.)

Us.a. f@nd (waa.)

Uszaunisadnisaeu 25 U
15. 105, 5150 JdinUseAas

.. WE@NE (wn.)

MS. (Energy Technology), AIT
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16.

17.

18.

19.

20.

21.

Dr.rer.nat. (Physics)
Ruhr-University Bochum, Germany
Uszaun1salnsaou 19 U
NA.AT. 33U 1oYART

.. WENE (wn.)

AL WENE (una.)

Us.a. Wand (una.)
Uszaun1saln1saou 16 U
WNA.AS. A3N1QAUT VDY
M. Anweans (We.)

WAL WPTIRENS (uuiing)
Ph.D. (Material Science)
National University of Singapore,
Singapore
Uszaunisaln1saou 7 U
HA.AT. LRANWA NIYIUITUNS
MS. (Physics)

University of Oxford, UK.
Ph.D. (Physics)

University of (llinois at Urbana, USA.
Uszaun1salnsaou 16 U
37.03. NANI Souuns
.. WENE (wn.)

Us.n. Wand (una.)
Uszaunisalnisdeu 10 U
NA.AS. DAYIA WAULAATHUN
B.S. (Physics)

University of Colorado, USA.
Ph.D. (Physics)

University of Colorado, USA.
Uszaun1salnsaou 14 U

[

9. Nanus NuWaNY
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B.S. (Electrical Engineering and
Computer Science) and B.S.
(Mathematics)
MIT, USA.
M.Eng. (Electrical Engineering)
MIT, USA.
M.S (Applied Physics)
Harvard University, USA.
Uszaunisalnisaou 15 U
22.04f.95. ginAUNT NeISnuAs
m.u. Wa@nd (un.)
Ms. (Physics)
Oregon State University, USA.
Ph.D. (Physics)
Oregon State University, USA.
Uszaunisainisaou 8 U
23.’&].@3.3JﬂjLum§ LIYNIUN
.U AEnd (un.)
WU WENE (Uuiina)
Dr.rer.nat (Astrophysik)
University of Pastdam, Germany
Uszaunisainisaou 19 U
24.9. vty Jungyaulsenl
m.u. Wa@nd (un.)
.. Wand (Run)
Uszaunisalnisaou 14 U
25.9.05. unqyis auysalfndde
.U, WANS (u.uina)
M.S. (Physics) with Distinction
Imperial College London, UK.
Ph.D. (Physics)
Imperial College London, UK.

Uszaunisainisasy 6.5 U
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a v L3 s

26.0.95. 33t 1eAneLe
WU, fdnd (wn.)
w.a. Wand (wn.)
Us.a. Wand (uva.)

Uszaunisainisasy 26 U

'
aov £ IS

27.5A.015. DRAFNA YUY

.. Wand wn.)

.. Wand (un)

Ph.D. (Physics)

Case Western Reserve University, USA.

Uszaunisalnisaou 9 U
28.0f.05. UNvay Teana

AU, ennssulili (gwv)

7.3, Aenngsulnii ()

M.Sc. (Physique et Applications)

ENS Cachan, France

Ph.D. (Physique)

Université Paris-Sud, France

Uszaunisainisaou 5 U
29.a3.75¢ WawARmIlYNg

aa s

INU. Wand (1.1na)

1

.. WEdne QW)
.o, Wadnd (U of New Hampshire)
Uszaunisaln1saou 5 U
30.019. 59T 13515 M9A
.. WE&NE (wn.)
M. Wand (wun.)
Ph.D. (Materials theory)
Uppsala university, Sweden
Uszaunisalnsaeu 2 U
31.05. asfnm Fudin

w.u. Wand un.)

WA, WANE (un.)
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Ph.D. (The University of Manchester,
UK)

Uszaunisainisasu 2 U

01420114

UfuRnaswE@nd I

(Laboratory in Physics II)

. 3A.A3. @3ANA LTI

.U, Wand (uen.)

.. Wand ()

Dr.rer.nat. (Physics)

University of Innsbruck, Austria

Uszaunisainisasy 23 U

. 5705 51598 A suUTBIESS

WU, Nand (un.)
M. WaAnd (un.)
Us.0. Wand (una.)

Uszaunisainisasy 19 U

. 5A.03. I5ANA WALNYAT

MU, WANd (U.u%ieg)
Us.0. Wand (w.u¥iea)

Uszaunisainisasy 6 U

. 5A.AT. 85 Yrye

w.u. Wand (a9a.)
.. Wand ()
Us.a. WaEnd (Run)

Uszaunsainisaau 9 U

. SA.AT. WIANT JUNSH

.U, fdnd (un.)

M. Wand (wun.)

Us.a. f@nd (waa.)
Uszaunisadnisaeu 25 U
HA.As. Uninila gavulay
.U, W@nd (U95.)

WAl Wand (Wen.Usvanuiing)
Us.0. Wand (u.uiing)

Uszaunisainisasu 5 U
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7.

10.

11.

12.

13.

Y

NFLAS. UNGNS 3Tuven
WU, fdnd (wn.)
w.a. Wand (wn.)
Us.a. Wand (uuiina)

Uszaunisainisaay 28 U

. 57.05. T¥a WAYaY

W.U. WaAnd (Wa.)
W, Ja@nd (u.uing)
W.e. NaAnd (u.ufina)

Uszaunsainisasy 10 U

. NAL.AS. ITWAL Nadu

.. Wand (u.uiing)

Us.0. Wanddaund (uuiing)
Uszaunsainsaou 6 U
HELAS. AU WIPAENAINA
NA.U. INAEASTENS (LA2. UN9Uaw)
.. Wand ()

Us.0. AdAA1ERS (1.1%0a)
Usgaunisalnsaeu 24 U
HAl. 178 guslenia

WU WaAnd (W)

.. Wand (un)
Uszaunisadnisaeu 33 U
3A.05. TYyy 1Ay
.. Wand (wun.)

.. Wand (wun.)

Dr. rer. nat. (Physics)
Otto-von-Guericke Universitat
Magdeburg, Germany
Uszaunisadnisaen 17 U
HA.AT. BIgNT ANTHOY

WU, fand (un.)

M.S. (Physics)
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14.

15.

16.

17.

18.

19.

University of Colorado, USA.
Ph.D. (Physics)

University of Colorado, USA.
Usgaun1salnsaou 18 U
5A.05. 393 Sauananes

.. WE@nd (we.)

.. Wanduszend (a9a.)
Us.a. W@nd (waa.)
Uszaunisadnisaeu 25 U
37.93. NANI Fouuns
.. WENE (wn.)

Us.a. fand (una.)
Usgaun1salnsaeu 10 U
HELAT. 451591 TuAnUsean
.. WENE (wn.)

MS. (Energy Technology), AIT
Dr.rer.nat. (Physics)
Ruhr-University Bochum, Germany
Usgaun1salnsaeu 19 U
HA.AS. 93U LowEART

.. WENE (wn.)

.. WENE (una.)

Us.a. fand (una.)
Uszaunisadnisaeu 16 U
WA.AT. A3INIEYAIUT V109l
MU, Anwans (we.)

WA wITENS (uuiing)
Ph.D. (Material Science)
National University of Singapore,
Singapore
Uszaunisainisaeu 7 U
HA.AT. LAANWA NIYIUITUNT
MS. (Physics)

-70 -




A19ENsisEUivaAa YT

FN8YauaTAMIANITANYILHaU

20.

21.

22.

23.

University of Oxford, UK.
Ph.D. (Physics)

University of linois at Urbana, USA.
Uszaunisainisaou 16 U
NA.AT. 0ATIH NaulnaTaun
B.S. (Physics)

University of Colorado, USA.
Ph.D. (Physics)

University of Colorado, USA.
Uszaunisainisaou 14 U

9. Nanus Nuau

B.S. (Electrical Engineering and
Computer Science) and B.S.
(Mathematics)

MIT, USA.

M.Eng. (Electrical Engineering)
MIT, USA.

M.S (Applied Physics)

Harvard University, USA.
Uszaunisalnisaou 15 U
HALAT. FINAUNT NOITHUNAS
.. Wand wn.)

Ms. (Physics)

Oregon State University, USA.
Ph.D. (Physics)

Oregon State University, USA.
Uszaunisalnisaou 8 U

.95, UALUAT LITNIUN

.. Wa@nd (un.)

.. Wand (u.uiing)
Dr.rer.nat (Astrophysik)
University of Pastdam, Germany

Uszaunisainisasy 19 U
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24. 9. Avdty Yuniggaulsad
.. Wand (un.)
.. Wand (un)
Uszaunsalnisdou 14 U
25.9.05. uWQVS awysalAnAdy
.U, WANE (u.uiina)
M.S. (Physics) with Distinction
Imperial College London, UK.
Ph.D. (Physics)
Imperial College London, UK.
Uszaun1saln1saou 6.5 U

26.9.05. 7 WANBLND

1n.)

=)
2\
—~

IN.U. Wan
M. WaAnd (un.)
Us.0. Wand (una.)

Uszaunsainisasy 26 U

'
au £ A

27.5A.05. BAANA Yayd
.. Wand (un.)
.. Wadnd (un.)
Ph.D. (Physics)
Case Western Reserve University, USA.
Uszaunisalnisdou 9 U
28.WF.95. YWYy duana
9p.U. Aenngsulnd ()
A4, eanssuliih (un)
M.Sc. (Physique et Applications)
ENS Cachan, France
Ph.D. (Physique)
Université Paris-Sud, France
Uszaunisalnsaou 5 U
29.95. s Wa¥Adivna
.U, WaANd (u.uiina)

.. Wand ()
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30.

31.

m.a. Wa@nd (U of New Hampshire)
Uszaunisalnisaou 5 U

HA.AS. INYNT N0

.. Wand wn.)

Ms. (Materials Science and Engineering)
Stanford, USA.

Ph.D. (Materials Science and
Engineering)

Stanford, USA.
Uszaunisainisaou 3 U

3. 53/MT TU5519IM9A

m.u. Wa@nd (un.)

. Wand (un.)

Ph.D. (Materials theory)

Uppsala university, Sweden

Uszaunisainisasu 2 U

01403114

UfjuRniswanyaiaiinaly

(Laboratory in Fundamental of General

Chemistry)

WA.AT. NTNAL F50nT

WU AT (19.)

WY.L LA (W)

Us.a. 1adl (1n.)
Uszaunisainsaeu 15 U
HALAT. SUINITI AIVIDIRE
WU LA (UN.)

WY.L LA (W)

Us.a. 1Al (un.)
Uszaunisainsaey 12 U
WALAS. AR ALUTEAN
MU, 1Al LRgSATENSUAY 2 (Un.)
Us.a. 1adl (1n.)
Uszaunisainsaeu 16 U
NALAS. AT WTRIu
WU LA (WN.)

M.S. (Polymer Engineering),
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University of Akron, USA.
Ph.D. (Polymer Engineering),
University of Akron, USA.

Uszaunsainisasy 28 U

. NA.MT.99387  LARNULAY

B.Sc. (Chemistry)

U. Claude Bernard, France
M.Sc. (Inorganic Chemistry)
U. Claude Bernard, France
Ph.D. (Nanomaterial)

U. Claude Bernard, France

Uszaunisainisasy 13 U

. HALAT. NTINT dnwalfAsna

WU LAl (un.)

WAL LAY (UA.)

D.Phil (Inorganic Chemistry)
University of Oxford, UK
Uszaunisadnisaeu 10 U

HALAT. §513H AnenIs

WU LA (1.)

.4 wdadunsd (wn.)

Us.a. 1adl (un.)
Uszaunisadnisaeu 13 U

HALAS. WYIUITA NSNER1NINT
WU, el INesAdeusuRy 2 (un.)
Us.a. 1adl (un.)
Uszaunisadnisaeu 15 U

A7. 53R SAuAI

WU LA (UN.)

WAL 1Al (Wn.)

Ph.D. (Inorganic Chemistry)
The University of Sheffield, UK.

Uszaunisainisasu 7 U
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10. A3. wusA" 131850
WU el (wn.)
.. Ulnsiad (9w1)
Ph.D. (Chemistry)
La Trobe University, Australia
Uszaunisadnsaeu 27 U
11. A5, ¥FRAN Snwna
.. WENE ()
WAL LAl (Wn.)
Us.a. 1adl (un.)
Uszaunisainiseou 7 U
12. A3. WITUUS Aoy
WU el (wn.)
WAL LAl (Wn.)
Ph.D. (Chemistry)
University of Houston, USA.
Uszaunisainisaou 1 U
13. 93, @91 AnsATUUA
WU el (wn.)
.. Ulnsiead-wedwes (gun)
Dr.rer.nat. (Chemistry)
University of Vienna, Austria
Uszaunsainseou 6 U
14. 5A.03. INTWUS ASLaTees
WU el (wn.)
WAL 1Al (Wn.)
Us.a. 1adl (un.)

Jszaunisainisaau 15 U
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01403117
vanyawaiivialy

(Fundamental of General Chemistry)

. 3A.035. 0AANT FeABIAY

WU FuAd (9171

WAL LAl (un.)

Ph.D (Inorganic Chemistry)
University of Bristol, UK
Uszaunisadnisaeu 33 U
HA.AT. NUIUITE NSWIR1AINT
WU, el INesAdeuduRu 2 (un.)
Us.a. 1adl (un.)
Usgaunisalnsaeu 15 U
57.05. UsE@s nwawdseys
WU LAl (N.)

WAL LAl (uA.)

MRes (Bioinformatics)
University of Leeds, UK
D.Phil (Biochemistry)
University of Oxford, UK
Uszaunisadnisaeu 12 U
HALAT. ANAY 91T INTY
WU LAl (N.)

WAL LAl (Wn.)

Ph.D. (Physical Science)

La Trobe University, AUS
Uszaunisadnisaeu 14 U
we. angla WeyATegng
WU LA (UN.)

WAL LAl (Wn.)

6

Uszaunisainisaey 33 U

3. Ay ASudAglaynie

MU, 1Al LRgsATeNsuUAU 1 (un.)
WAL Al (Wn.)

Ph.D. (Chemistry)

University of Manchester, UK.
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Usgaunisalnisaeu 2 U

7. NA.AT. YYSUT ITTONEA
WU WAl (u%.)
WAL AT (1)
WA, 1Al (3U0)
Uszaunisadnisaeu 14 U

8. M. WITEULS Sl
WU el (wn.)
WAL LAl (Wn.)
Ph.D. (Chemistry)
University of Houston, USA.
Uszaunisainisaou 1 U

9. WA.AI. ATONVIEY DATYTUYINT
WU LAl (N.)
Ph.D. (Chemistry)
University of Bristol, UK.

Uszaunisainisasy 6 U

aa 12‘ aa o g

10. WALAS. ANAR AIANAGUNT
.U, 1Al LRYsAdBNsUAU 1 (Un.)
WAL LAl (UA.)
Ph.D. (Inorganic Chemistry)
Oregon State University, USA.

Uszaunisainnsaau 8 U

01403221
WIBUNSE

(Organic Chemistry)

aa v [ 3

1. WA.AS. SAUUY nweuiia
WM. A3 (3W1)
=
WAL LAY (W)
.o, LAl (1)
Uszaunisainisasy 17 U
2. 5. gilen danzTailly
MU, 1Al (W.AaUang)
aa a6 a
LY. LPNDUNTY (U.AaUNg)
U5.0. 103 (un.)

Uszaunisainisasu 2 U
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NA.95. Tisan Baea

.U, 1Al LRYSAdENSUAU 1 (Un.)
Ph.D. (Chemistry)

Imperial College London, UK.
Uszaunisadnsaeu 11 U

3A.05. 9310580 WITIFY

WU 1Al NgsATeuduiu 1 (1)
WAL ATBUVSE (RW19)
Dr.rer.nat. (Theoretical Chemistry)
University of Vienna, Austria
Uszaunisadnisaeu 25 U

ueLos. 33w AUszIase

WU el (wn.)

WAL LAl (UA.)

Dr.rer.nat. (Chemistry)

University of Vienna, Austria
Uszaunisalnsaou 13 U

56.05. lwyad [ulles

B.S. (Chemistry) Honors with high
Distinction

Indiana University, USA.,

Ph.D. (Organic Chemistry)
Pennsylvania State University, USA
Uszaunisadnisaeu 14 U

uetas. Tudy Uhuanaing

WU el (wn.)

WAL AT (1)

WA, 1Al (3u0)
Uszaun1salnsaou 15 U

ueas. ofg s Weunsni

.. Al (18.)

Us.9. 1Al (1A.)

Uszaunisainisasu 5 U
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NFLAS. 37 DuaT

.. (1pd) LResATdeusuAUy 1 (un.)
Ph.D. (Organic Chemistry)
University of Florida, USA,,

Uszaunsainisasy 11 U

01403222
wliBunIgnIAUfURnS

(Laboratory in Organic Chemistry)

571.95. UnTal 1995ULNT

.U, (1Ad) ResATdausuRy 1 (Un.)
Ph.D. (Chemistry)

University of Bristol, UK.

Uszaunisainisasy 13 U

[

BIAANUFNUFIUNNTAINTTY

01205201
Senssulninoedy

(Introduction to Electrical Engineering)

WA.AT. BIFIAl JusiuA

280, Smnssulii eshdeusuduni
(un.)

2.3, Amnssulia wn.)

aA.a. Arnnssuluii wn.)
Uszaunisainisaou 15 U

9.95. WNISHU WNKSSNY

2A.U. Amnssulav wn.)

2.4 Arnnssulnia wn.)

e, Amnssuluii wn.)
Uszaunisainisaou 2 U

HA.AT. UTUIAR ANSINANIAT

20U, Aennssulain wn.)

M.S. (Electrical Engineering)
Oklahoma State University, USA.
Ph.D. (Electrical Engineering)
Oklahoma State University, USA.
Uszaunsainisaeu 22 U

Wl AT yudAu

2e.U. Aenssulni ()

M.S. (Communications)

University of Southern California, USA.
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M.S. (Networking)
University of Michigan, USA.
Usgaunisainisaou 26 U

a

5. 5A.05. A3ksaul ASauUsuiasy
2a.u3mnssuliin Aeshdeudusunis
(un.)

M.S. (Electrical Engineering)
Virginia Polytechnic Institute and
State University, USA.

Ph.D. (Electrical Engineering)
Virginia Polytechnic Institute and
State University, USA.
Uszaunisainisaou 25 U

6. o. @18 fuadng
6., Aennssulai wn)

M.Eng. (Mechatronics) AIT

Uszaunsainisasy 26 U

01205202 1. HAL.AT. NYIURUS FUIuTy
UfuRn1s3Anssalndn | 2910, Amnssuliin WReshdendudunils
(Electrical Engineering Laboratory I) (un.)

M.Sc. (Electrical and Computer
Engineering)

University of New Haven, USA.
D.Eng. (Mechatronics) AIT
Uszaunisainisaou 14 U

a

2. 5A.AT. 1¥NEN TnTFURFY
.U, Amnssulni (us.)
M.Eng. (Electrical, Electronics and
Information Engineering)
Nagaoka University of Technology,
Japan.

D.Eng. (Energy and Environment

Science)
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. SAAT. WA AUATIUNS

Nagaoka University of Technology,
Japan.

Uszaunisainisasy 14 U

. WFLAT. QI JusLue

8.0, Smnssulii eshdeudusunil
(un.)

2.3, mnssulia wn.)

6.0, enssuluii wn.)
Uszaunisainisaou 15 Y

NALAT. SUINT ADUAY

.U, Aennssulain wn.)

e, Aanssuluda wn.)

0.0, Aanssuluia wn.)
Uszaunisainisaeou 12 ¥

0.0, Smnssulii feshteususuni
(W)

2p.40. Franssubni (w2)

D.Eng. Telecommunications (AIT)

Uszaunisainisasy 20 U

. SA.AS.355 ARSEY

A0 3enssulnih (un)

M.S. (Electrical Engineering)
Pennsylvania State University, USA.
Ph.D. (Electrical Engineering)
Pennsylvania State University, USA.

Uszaunisainisasy 27 U

. 9. \@ld eanng

27U, Aenssulndn (un.)
M.Eng. Mechatronics (AIT)

Jszaunisainisaau 26 U

01204111

a 4
ABNNAMBSHAZNISIUSLATY

. A0, DTUUN F9AT

27.0.3 mnssulndn (@aa.)
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(Computers and Programming)

Ph.D. (Computer Engineering)
Ecole Nationale Superieure des
Telecommunications, France

Uszaunisainisasy 24 U

. WALAT. N5 Bangns

B.Eng. (Information and Computer
Science)

Osaka University, Japan

M.Eng. (Computer Science)

Osaka University, Japan

Ph.D. (Information and Systems
Engineering)

Osaka University, Japan

Uszaunisainisasy 16 U

. AN, SATNA NYTFALTBY

e U. %aﬂiimamﬁama% (un.)
M.S. Computer Science (AIT)
Ph.D. (Engineering)

University of Melbourne, AUS

Uszaunisainisasy 27 U

. HALAT. BUNTINTO! Yarans

AU, LASEgAERS (U5.)

M.S. (Computer Science),

University of Maryland, Baltimore
County USA.

Ph.D. Management of Technology (AIT)

Uszaunisainisasy 32 U

. 9.05. YuAty lafvgnua

.U, Amnssulai wn)

M.S. (Information Resources
Management)

Syracuse University, USA.

Ph.D. (Information Technology)
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George Mason University, USA.

Uszaunisainisasy 18 U

. AN, 3NN D8N

B.S. (Electrical and Computer
Engineering)

Carnegie Mellon University, USA.
M.S. (Electrical and Computer
Engineering)

Georgia Institute of Technology, USA.
Ph.D. (Electrical and Computer
Engineering)

Georgia Institute of Technology, USA.

Uszaunisainisasy 11 U

. HA.AS. A139 SPuaTug

0.0, Amnssuli wn.)

M.Eng. (Electrical and Computer),
University of Cornell

Ph.D. (Electrical and Computer
Engineering),

University of Cornell

Uszaunisainisasy 12 U

. 9.05. I0F USANTIUUN

RIGRTR %ﬂﬁﬂiﬁﬂﬁéjﬂﬂqﬁLﬁULﬁlﬁn (un.)
.. walulagansauwmea (un.)
Ph.D. (Computer and Education)
University of Nottingham, UK.

Uszaunisainisasy 11 U

. HNALAY. U9 UUELNYUANA

2A.U. AFINTTUABUNANADST (1A.)
VA4, IAINTTUABURILADS (UN.)
2.0, IFINTSUADUNILADS (UN.)

Uszaunisainisasu 9 U

av (% s

10. NAL.AS. DASNY JUNTASN
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11.

.U, NSRBI NsATte
duAuaad (Un.)

VAL AMINTTUADUAILABS (1A.)
6.0, AFINsuABNRIABS (1N.)
Uszaunisainisaey 18 U
0.05. 3550 Sanselnlsayd

2., AAINTIUABNNILADST (1N.)
VAL AMINTTUADUAILABS (1A.)
D.Eng. (Information Science),
Nara Institute of Science and

Technology, Japan.

Uszaunisainisasy 1 U

12. 9. @ndY8 F300U

6.0, IMINTIUABNNILADS (1N.)
M.S. (Electrical Engineering)
Clemson University, USA.
M.E. (Electrical Engineering)
University of Virginia, USA.

Uszaun1sainisasy 26 U

01208111
ASUPULUUIAINTTY

(Engineering Drawing)

. WAl 597y ngvianla

AU, IAINTIULATBING (UN.)
A4, IAINTTUATDINA (UN.)

Uszaunisainisasy 20 U

. 37.95. dgAnd Yaydl

IF.U. %ﬁ?ﬂiﬁﬂm‘%‘@ﬂﬂa (un.)

M.S. (Fire Protection Engineering)
University of Maryland, USA.
Ph.D. (Mechanical Engineering)
University of Maryland, USA.

Uszaunisainisasy 17 U

. 3FLAT. AMYA LDENADN

27U, IAINTIULATBING (UN.)

M.S. (Industrial Engineering)
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University of Pittsburgh, USA.
M.S. (Mechanical Engineering)
Carnegie Mellon University, USA.
Ph.D. (Mechanical Engineering)
University of Missouri-Rolla, USA.

Uszaunisainisasy 17 U

. 9. WYY Ao

26,0, ImnIsaTeana (un.)

M.Eng. (Agricultural Machinery and
Management)

Asian Institute of Technology

Uszaunisainisasy 25 U

. NA.AS. DITONT TbAvFUG

26U, FENsTueSedna (n.)

M.Eng. (Mechanical Engineering)
Nagaoka University of Technology,
Japan.

D.Eng. (Material Science)

Nagaoka University of Technology,
Japan.

Uszaunisainisasy 12 U

- NA.AT. NITUTUA YUTHIESY

2.0, enssuededna (n.)
M.Eng. (Manufacturing System
Engineering)

Asian Institute of Technology.
2.0, IrnTTuATedna (317°)

Jszaunisainisaau 20 U

. NA.AT. WRAUNS 1Uasdzen

7.0, FensTuededna (un.)
M.S. (Mechanical Engineering)
Oregon State University, USA.
Ph.D. (Mechanical Engineering)
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10.

11.

University of Wisconsin-Madison, USA.

Uszaunisainisasy 19 U

. 3A.95. YuSUY 813Usslasy

2.0, Imnssaaieana (n.)

M.Eng. (Environmental Science and
Technology)

Tokyo Institute of Technology, Japan.
D.Eng. (Environmental Science and
Technology)

Tokyo Institute of Technology, Japan.

Uszaunisainnsasy 6 U

. 3F1.AT. T159F NNSIVINGHA

e U. %aﬂismmémﬂa (un.)

M.S. (Mechanical Engineering)

Oregon State University, USA.

Ph.D. (Mechanical Engineering)

Oregon State University, USA.
Usgaunsainisaou 25 U

3A.05. 94N U5

6.0, FFNssuASedna (v.)

M.Eng. (Energy and Environmental
Science)

Utsunomiya University, Japan.

Ph.D. (Mechanical Engineering)
University of Wollongong, Australia.
Uszaunisainisaou 27 U

2.03. U0 Usunal

AU Aennssulanensuazian (3u0)
M.S. (Mechanical Engineering)

Michigan Technological University, USA.
Ph.D. (Mechanical Engineering)

The Pennsylvania State University, USA.

Uszaunisainisasu 4 U
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12.9.05. 95YTU1 2WEln
26U, IFNITeSedna (n.)
M.S. (Mechanical Engineering)
University of Manchester Institute
of Science and Technology
Ph.D. (Mechanical Engineering)
University of Manchester Institute
of Science and Technology

Uszaunisainisasy 17 U

01208221
naAEnsIAINTIY |

(Engineering Mechanics 1)

1. 9.03. 35de Teusadng
6.0, FnsTuededna (n.)
2.4, 3MNTIATDING (1n.)
Ph.D. (Polymer Engineering)
Loughborough University, UK.
Uszaunisainisaou 16 U

2. HA.A3. WAUNS Waldazan
2.0, enssuededna (n.)
M.S. (Mechanical Engineering)
Oregon State University, USA.
Ph.D. (Mechanical Engineering)
University of Wisconsin-Madison, USA.
Usgaunsalnisaeu 19 U

3. 36103, 5159A WNSMVINYHA
2.0, eNsTuSedna (n.)
M.S. (Mechanical Engineering)
Oregon State University, USA.
Ph.D. (Mechanical Engineering)
Oregon State University, USA.
Uszaunsalnisaou 25 U

4. 5A.95. Toens Junsgssal
.U, ArnssuaIedna (wn.)
M.S. (Mechanical Engineering)

Rensselaer Polytechnic Institute, USA.
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Ph.D. (Mechanical Engineering)

Rensselaer Polytechnic Institute, USA.

Uszaunisainisasy 19 U

. WA.AS. WIATT WIUYAT

.U, INTTUASING (317.)
M.Eng. (Mechanical Engineering)
University at Buffalo, USA.

M.S. (Mechanical Engineering)

Ecole Nationale Supérieure de

”Aéronautique et de UEspace (ENSAE),

France.

Ph.D. (Mechanical Engineering)

University Paul Sabatier (Toulouse IlI),

France.

Uszaunisainisasy 12 U

. 9.0%. SYTUI 2W¥ln

2.0, ImnssanaTeana (n.)

M.S. (Mechanical Engineering)
University of Manchester Institute
of Science and Technology

Ph.D. (Mechanical Engineering)
University of Manchester Institute
of Science and Technology

Uszaunisainisasy 17 U

. WAl 5397y vgvivanta

2A.U. IAINTIULATBING (UN.)
7.4, AFINTIUMIDING (1N.)

Jszaunisainisaau 20 U

. 3A.03. 3308 Fersngni

2A.U. IAINTIULATBING (UN.)

M.Eng. (Mechanical Engineering)

National Institute of Applied Sciences

of Lyon, France.
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7.0, IFAINTTULATBING (1N.)

Uszaunisainisaau 5 U

9. NA.AT. ANENT SeAUTRY

1A.U. IAINTINLATOING (195.)

M.Eng. (Mechanical Engineering)

University of Southern California, USA.

Ph.D. (Mechanical and Aerospace

Engineering)

North Carolina State University, USA.

Uszaunsainisasy 20 U

10.9.A5. ALA AIRFITIUA

.U, IFINTINENEINNTT (1N.)

M.S. (Engineering Management)
Brunel University London, UK.
Ph.D. (Energy Efficient Sustainable
Manufacturing) Brunel University
London, UK.

Uszaunisainisasu 3 U

11,6603, UTENaU quvas

.U, IFINTINENEINNIT (1N.)
M.S. (Engineering Management)
Clemson University, USA.

Ph.D. (Civil Engineering)
Clemson University, USA.

Uszaunisainisasy 27 U

A138N13l3usvaUAazIY

S8YauaTAMIANTAN YU

2IAANNFIANIENNTIAINTIY

01202211
NANNITUAZNITATUIUNUFIUNIIAINTTAAL
(Basic Principles and Calculations in

Chemical Engineering)

1.

5A.035. YA ety
V.U, IFINTTULAT (195.)

2.3, IAINITUBINNT (WR85.)
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2.9, IFINTINDIMNT (195.)
Uszaunsaldaou 12 U

A3, alawa 1RYTENTY

27U, AAngsuedl (wn.)

A4, eanssuadl (3u0°)

M. Phil. (Chemical Engineering)
Newcastle University, UK.
Ph.D. (Chemical Engineering)
Loughborough University, UK.

Uszaunsaiaau 3 U

01202215

QUUNAAANSIAINTTAAS] |

(Chemical Engineering Thermodynamics I)

=1
NA.AT. 2ANT Aaulns
AU, AAEINTIULAT (1)
2.9, AEINTsULALl (un.)

Uszaunsalaau 6 U

01202316

QUUNAANEATIAINTTUAL II

(Chemical Engineering Thermodynamics 1)

37.09. 11U W3glvensEna
B.Eng. (Chemical Engineering)
University of New South Wales,
Australia.

Ph.D. (Chemical Engineering)
University of New South Wales,
Australia.

Uszaunsalaau 20 U

01213211
JaRAEAITAIMIUIAINT

(Materials Science for Engineers)

. WA.AT.NYRAA WULFITIM

WU, #E@nd eshdeusudu 2 (Qwv)
WAL INYIAEATNORALNDS
(nensetlasdennazUlngiall 9u0)
D.Eng. (Materials Science and
Engineering)

Nagoya University, Japan

Uszaunisainisasu 5 U

. 9.0, NEA FTIRUAY

6.0, IMINssuTan Weshtonduu 2

n.)
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M.Eng. (Materials Science and
Engineering)

Lehigh University, USA.

Ph.D. (Materials Science and
Engineering)

Lehigh University, USA.
Usgaunisalnisaou 6 U

IA.05. ANOF ANYFITI

w.u. Jagemans (wsdnd) (Qune)

Ph.D. (Materials Science and
Engineering),

University of Leeds, UK
Uszaunisalnisaou 25 U

9. SIS TENA

M.Eng. (Materials Science and
Engineering)

Imperial College of

Science, Technology and Medicines, UK
Uszaunisalnisaou 14 U

8.A3. U3 Aafly

B.Sc. (Chemistry)

Australian National University, Australia
Ph.D. (Chemical Engineering and
Advanced Materials)

Newcastle University, UK
Usgapunisalnisaeu 10 U

505, Ywun sausysal

WU Al (1L.YIW)

WAL Tanenans (3une)

U3.0. Ingmansnodiues (un)

Uszaunisainisasy 16 U

. 5A.05. UJnad Jui1ay

.U, IFINTTHENAINNIT (196.)
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A4, FAanssulannis (Run)
Dr.Ing. (Mechanical Engineering)
University of Kassel, Germany

Uszaunsainisaay 22 U

8. we.a3. USeyyn anaulsau

AU, IAINTIUQAAWNIST LNeTATENSURY
1 (un.)

M.S. (Materials Science & Engineering),
Michigan Technological University, USA.
Ph.D. (Materials Science & Engineering),
Michigan Technological University, USA.

Uszaunisainisasy 14 U

9. WA, NIANEG aNANEN

AU, IEINTIUGAAINAT (UA.)
WAL WIEEATNOALIDS
(nendetinsdeuuaziinsail 9u1)
Uszaunisainisaou 23 U

10.661.05. 857U MYA189
B.S. (Materials Science and Engineering)
Carnegie Mellon University, USA.
M.S. (Materials Science and Engineering)
University of California, Berkley, USA.
Ph.D. (Materials Science and
Engineering)
University of California, Berkley, USA.
Usgaunisalnisaou 7 U

11.0A.05. SANS Shuwsvy
6.0, ImNssudan Weshteudusiu 1
(un.)
M.S. (Energy Science, Technology and
Policy Concentration: Materials Science
and Engineering)

Carnegie Mellon University, USA.
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Ph.D. (Materials Science and
Engineering)
Carnegie Mellon University, USA.

Uszaunisainisasu 8 U

12.56.05. 57953 wulwaalasyia

B.S. First Class Honour

(Materials Science and Engineering)
Northwestern University, USA.

M.S. (Materials Science and Engineering)
Massachusetts Institute of Technology,
USA.

Ph.D. (Structural and Environmental
Materials)

Massachusetts Institute of

Technology, USA.

Uszaunsainisasy 13 U

13.8.05. 35395 MUY

MU, W3 NESATeNDUAU 1 (un.)
AL LA (3N,
U5.9. 03 (un.)

Uszaunisainisaau 5 U

14.56.05. @AM WYSNUS

AU AINTTURAAINANT (3175.)

7.4, inalulagTan (19s.)

Dr.Ing. (Mechanical Engineering)
Chemnitz University of Technology,
Germany

Uszaunisainisasy 21 U

15.5A.05. &350t wadad

AU, AEINTIUAN (1.598)
6.4 3nssulannis ()
Ph.D. (Metallurgical and Materials

Engineering),
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University of Melbourne, Australia
Uszaunsalnisdou 18 U

16.57.05. 817 159ul5I550d
B.Sc. (Economics & Chemistry)
(Suma Cum Laude)
Syracuse University, USA.
M.Sc. (Chemistry)
The University of Utah, USA.
Ph.D. (Metallurgical Engineering)
The University of Utah, USA.
Usgaunisalnsaeu 13 U

17.5A.05. 885 la1ye3
WU, 1Al LNsAteNsURU 2 (195.)
WAL INmansneaes
(nendetinsdeunastingail 9u1)
Us.0. Meransnediues
(nendetlnsideunarUlnsiall u1v)
Uszaun1salnsaou 18 U

18.1f.95. BUTINU LEFEING
W.U. Tanmans eshdeusudu 2 (auv)
WAL INYIAERSNOANDS
(nendetiasdeuiasilnsall 9un)
D.Eng. (Biotechnology and Life
Science),
Tokyo University of Agriculture and
Technology, Japan
Uszaun1salnsaou 15 U

19.571.05.09918 3UsENU
B.S. (Materials Science and
Engineering)
Columbia University, USA.
M.S. (Materials Science and

Engineering)
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Columbia University, USA.

Ph.D. (Materials Science and

Engineering),

University of Missouri-Rolla, USA.

Uszaunisainisaou 12 U
20.0A.AT. BUNNT TUANS

IF.U. %ﬂ?ﬂiii@ﬁaﬁ%ﬂ’ﬁ

WNeshtlsuduau 1 (un.)

M.S. (Materials Science and Engineering)

Stanford University, USA.

Ph.D. (Materials Science and

Engineering)

Northwestern University, USA.

Uszaunsainisasy 22 U

01202212
n1sufuRANstanIzniae |

(Unit Operations 1)

1. a5 Yl Uselniloun
WM. ATAAINTTU (17°1)
7.3, AAnssuad (195,
Ph.D. (Material Science)
University of Manchester, UK.

Uszaunsalaau 12 U

01202311
nsufuAnstanizniae i

(Unit Operations II)

1. WA.AT. NUAE GAFIAT
1A.U. AFNIIILALl (Uiina)
M.S. (Chemical Engineering)
West Virginia University, USA.
Ph.D. (Chemical Engineering)
University of Pittsburgh, USA.
Uszaunisalaou 20 U

2. 3603 UAYY SULTUNLUT)
WM. LPHAAIMNTTU (HAN.)
7.3, 3ANTsuadl ()
7.0, Arnssuadl wn.)

Uszaunsaidau 27 U
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01202312
n1sujuAn1sianizuaeg il

(Unit Operations IlI)

1. 5e.A3. 53bne 93¢
2910, FFNTTULAdl (un.)
6.9, Amnssuadl (un.)
Uszaunisalaau 12 U

2. A.AT. AN LAWY
MU 1Al (n.)
7.3, ngsuadl (1)
D.Eng. (Applied Chemistry)
Tohoku University, Japan.

Uszaunsaidau 26 U

01202313
UUan1sIAInTsaLadl |

(Chemical Engineering Laboratory I)

1. WA.AT. NURH GAFIAT
2.0, IAINTIUAT (U.uina)
M.S. (Chemical Engineering)
West Virginia University, USA.
Ph.D. (Chemical Engineering)
University of Pittsburgh, USA.
Usgaunsalaou 20 U

2. sA.05. viuns Yeyanswa
WU, WAIIAINTIN NYTATENSUAU 2
(Qu1+)
M.S. (Chemical Engineering)
University of Drexel, USA.
Ph.D. (Chemical Engineering)
University of Drexel USA.
Usgaunsalaou 17 U

3. 5A.A5. ¥AA" WWeuiy
.U, AAINTIULAL (195.)
7.4, IAINTINDINNT (UA5.)
6.0, IAINTINDINNT (UA5.)
Uszaunisaigeu 12

4. 93. slvwa LReIEIY
27U, Arnssaadl (un.)

6.4, IFINTIUAT (RU7)
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M. Phil. (Chemical Engineering)
Newcastle University, UK.
Ph.D. (Chemical Engineering)
Loughborough University, UK.
Uszaunsalaou 3 U

A.03. 5dlve lsfinshivg AsunA
.. walulagons wn.)
UIM3G3ND (M59AA) (SIUAUM)
2.4, Amnssuadl (Uas.)

Ph.D. (Chemical Engineering)
University of Queensland, Australia.
Usgaunsalaou 34 U

36.95. 54lng 3956

26U, IAnTIuLedl (un.)

7.0, IAnssuad wn.)
Usgaunsalaou 12 U

36.05. Wuile1 meyAnanval
.U, IFNTINAL (195.)

M.S. (Chemical Engineering)
Lehigh University, USA.

Ph.D. (Chemical Engineering)
Lehigh University, USA.

Uszaunisalaau 19 U

. 5A.05. Uun Usglndeun

WM. ARAAINTTU (17°1)
6.4 FngsuAll (195.)

Ph.D. (Material Science)
University of Manchester, UK.
Usvaunsalaou 12 U

A.A3. LEYANT ASUNAN

WU 1Ad (12.)

6.4 FnssuAdl (3195.)

Ph.D. (Chemical Engineering)
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10.

11.

12.

13.

14.

University of Queensland, Australia.
Uszaunisalaau 33 U

A.m9. l‘wma RAGHDNDRIS

WU PIIAINTIY (1)

M.S. (Chemical Engineering)
Texas A&M University, USA.
Ph.D. (Chemical Engineering)
Texas A&M University, USA.
Uszaunisalaou 30 U

36.99. 11U 1W3ylvensena
B.Eng. (Chemical Engineering)
University of New South Wales,
Australia.

Ph.D. (Chemical Engineering)
University of New South Wales,
Australia.

Uszaunsadaou 20 U

A.A3. LUART LAIEYWIUY

MU Al (4n.)

A3, FENTTUAL (31°)

D.Eng. (Applied Chemistry)
Tohoku University, Japan.
Uszaunisalaou 26 U

HA.A3. LS anerIvgn

6.0, AAnTuLedl (un.)

M.Sc. (Chemical Engineering)
RWTH-Aachen University, Germany.
Dr.Techn. (Chemical Engineering)
Vienna University of Technology,
Austria.

Uszaunisadaou 13 U

e.as. 2ans aoulng

VAU, AAINTIULAT (Un.)
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15.

16.

17.

18.

19.

20.

6.9, AFnssaAdl (un.)
Uszaunisalaou 6 U

HELAT. INUA1 37T TING
6.0, AAnTsuLedl (un.)

6.3, Arnssuad (un.)

6.9, AenssaAdl (un.)
Uszaunsaldou 6 U

HALAT. ANTYT SOALAY

.U, 1Al (u.u7ina)

WA WTTENS (uufing)
Ph.D. (Chemical Engineering)
Rochester University, USA.
Uszaunsadaou 9 U

5A.AT. e atumsana
.U, AFNTINAL (N,
M.Eng. (Chemical Engineering)
University of Mc Gill, Canada.
Ph.D. (Chemical Engineering)
University of Mc Gill, Canada.
Usgaunsalaou 25 U

.05, qiiuvi Aunseqa

WM. LANYRAIMNTTY (W)
A3, FENssuadl (3u0°)
D.Sc. (Chemical Engineering)
University of Washington, USA.
Uszaunisalaou 26 U

3A.05. dYaTAl duany

.U, 1Al (u.u7ina)

Ph.D. (Chemical Engineering)
California Los Angeles University, USA.
Usgaunsalaou 9 U

3A.05. BUAYY sULRUNLUG

WM. LAHRAIMNTTU (HAN.)
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7.3, 3ENTsuadl (u0°)
6.9, AEnssaall (un.)
Uszaunisalaou 27 U

21. A.A5. D350ANA 9136
6.0, IAINTIUAL (195.)
M.A.Sc. (Chemical Engineering)
University of Waterloo, Canada.
Ph.D. (Chemical Engineering)
University of Waterloo, Canada.

Uszaunisalaau 19 U

01202411

U UAn1sIAInTsaLadl Il

(Chemical Engineering Laboratory 1)

1. WA.AT. NURH GAFIAT
AU, IAINTTULA (UTAR)
M.S. (Chemical Engineering)
West Virginia University, USA.
Ph.D. (Chemical Engineering)
University of Pittsburgh, USA.
Usgaunsalaou 20 U

2. 5799 wiuns Joyanswa
WU, WAIIAINTIN NYTATENSUAU 2
(Qu1+)
M.S. (Chemical Engineering)
University of Drexel, USA.
Ph.D. (Chemical Engineering)
University of Drexel USA.
Usgaunsalaou 17 U

3. 5A.A5. ¥AA" WWeuiy
.U, AAINTIULAL (195.)
7.4, IAINTINDINNT (UA5.)
6.0, IAINTINDINNT (UA5.)
Uszaunisaigeu 12

4. p3. plywa WWuTETY

2F.U. IFINTTULAR (UN.)

6.4, IFINTIUAT (RU7)
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M. Phil. (Chemical Engineering)
Newcastle University, UK.
Ph.D. (Chemical Engineering)
Loughborough University, UK.
Uszaunsalaou 3 U

5. f.a3. 59lye Lslingivg Asunau
.U, walulagoms (wn.)
UIM3G3ND (M59AA) (SIUAUM)
7.4 AFnTTuLALl (195.)
Ph.D. (Chemical Engineering)
University of Queensland, Australia.
Uszaunisalaou 34 U

6. 7.3 53l 3956
AU, FNIIULALl (Un.)
6.0, AFnssuad (wn.)
Uszaunsalaou 12 U

7. 5A.03. Huite1 meyananval
.U, IAINTIULAT (U95.)
M.S. (Chemical Engineering)
Lehigh University, USA.
Ph.D. (Chemical Engineering)
Lehigh University, USA.
Usgaunsalaou 19 U

8. sA.m3. w1 Uselnidown
WM. ARAAINTTU (17°1)
7.9, AAnssuadl (195,
Ph.D. (Material Science)
University of Manchester, UK.
Uszaunsalaou 12 U

9. ms. N53UTIFN AuLTANNEN
AU, AAINTIUAL (UA.)
M.Sc. (Advanced Chemical Engineering

with Process Systems Engineering).
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10.

11.

12.

13.

14.

Imperial College London, UK.
Ph.D. (Chemical Engineering),
Imperial College London, UK.
Uszaunisalaou 3 U

A.A3. LEUANT ASUNAN

M. AT (19.)

26140, AmnTsuLadl (U9s.)

Ph.D. (Chemical Engineering)
University of Queensland, Australia.
Uszaunisalaou 33 U

A.03. lnena AsAgeany

WM. ATAAINTTN (17°1)
M.S. (Chemical Engineering)
Texas A&M University, USA.
Ph.D. (Chemical Engineering)
Texas A&M University, USA.
Usgaunsadaou 30 U

3A.05. 1N 1935y lvensena
B.Eng. (Chemical Engineering)
University of New South Wales,
Australia.

Ph.D. (Chemical Engineering)
University of New South Wales,
Australia.

Uszaunisalaou 20 U

F.AT. WIAAT LATEYWI LY

MU 1Al (Un.)

7.4 IAINTIUAT (JU7°)
D.Eng. (Applied Chemistry)
Tohoku University, Japan.
Uszaunisalaeu 26 U

HALAT. WIS dersven

27U, FAINTIUAT (Wn.)
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15.

16.

17.

18.

19.

M.Sc. (Chemical Engineering)
RWTH-Aachen University, Germany.
Dr.Techn. (Chemical Engineering)
Vienna University of Technology,
Austria.

Usgaunsadaou 13 U

HA.AT. 18NS Aoulng

6.0, IrnTIuLadl (un.)

7.0, IAnssuad wn.)
Usgaunsalaou 6 U

HALAT. INTUAT 50U TING
.U, AFNTINAL (N,

1.4, AAnssuad (wn.)

7.0, AAnssuadl (wn.)
Uszaunsalaou 6 U

HA.A5. ANWYT FOAAY

.U, 1Al (uiina)

M.y ATGENS (uitna)

Ph.D. (Chemical Engineering)
Rochester University, USA.
Usgaunsalaou 9 U

5705, @3Na aTUNITANA

AU Fnssaadl (Un.)

M.Eng. (Chemical Engineering)
University of Mc Gill, Canada.
Ph.D. (Chemical Engineering)
University of Mc Gill, Canada.
Usgaunsalaou 25 U

.05, qUiuvi Aunszna

WU, LANYRAINNTTY (1Y.)
7.4 IAINTIUAT (JU7)

D.Sc. (Chemical Engineering)
University of Washington, USA.
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Uszaunisalaou 26 U

20. 5A.95. YA AUay
WM. 1Adl (U7ina)
Ph.D. (Chemical Engineering)
California Los Angeles University, USA.
Uszaunisalaou 9 U

4 a

21. 5A.A3. BUAYY SULRUNLUG
WM. LPHRAIMNTTU (HAN.)
7.4, IAINTIUAT (U7°)

7.0, IAnssuadl wn.)
Usgaunsalaou 27 U

22. .95, 85306NA 9136
1A.U. IFNTINAL (195.)

M.A.Sc. (Chemical Engineering)
University of Waterloo, Canada.
Ph.D. (Chemical Engineering)

University of Waterloo, Canada.

Uszaunisaldau 19 U

01202216
Usingnisalinisaneloy

(Transport Phenomena)

1. 56.05. ¥aa" ey
AU, IFINTIILAL (195.)
VP4 IPINTINDIMIT (UA5.)
6.0, IAINTINDINT (UA5.)
Usgaunsalaou 12 U

2. Ans. gl Aumsena
WM. WPHEAAIMNTTY (UY.)
7.3, 3ANTsuadl ()
D.Sc. (Chemical Engineering)
University of Washington, USA.

Uszaunisalaau 26 U

01202341
JAanssuufnsenadl

(Chemical Reaction Engineering)

1. Aas. lnda RNIGRPIIDRL]
WU ATIMINTIY (R17)
M.S. (Chemical Engineering)
Texas A&M University, USA.
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Ph.D. (Chemical Engineering)
Texas A&M University, USA.
Uszaunisadaou 30 U

A.AT. WIAAT LATEYWI LY

WU, LAl (un.)

7.3, 3ENTsuadl (u0°)
D.Eng. (Applied Chemistry)
Tohoku University, Japan.

Uszaunsaldau 26 U

01202413

N1509NBUULTIIUNIIANTTULAL

(Chemical Engineering Plant Design)

. sA.A%. @na etumisana

2910, AFNTTuLAdl (un.)

M.Eng. (Chemical Engineering)
University of Mc Gill, Canada.
Ph.D. (Chemical Engineering)
University of Mc Gill, Canada.

Uszaunisalaau 25 U

01202414

n1seanuwUUaUNIainIeIAINIIILAL

(Chemical Engineering Equipment Design)

AS. WITUNAT AULNAUNDY

VAU, IAINTIUAT (Wn.)

M.Sc. (Advanced Chemical Engineering

with Process Systems Engineering).
Imperial College London, UK.
Ph.D. (Chemical Engineering),
Imperial College London, UK.
Uszaunisalaou 3 U

HALAT. WIS anerIngn

2610, NIl (un.)

M.Sc. (Chemical Engineering)
RWTH-Aachen University, Germany.
Dr.Techn. (Chemical Engineering)
Vienna University of Technology,
Austria.

Uszaunisalaau 13 U
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01202495
TAS9UIANTSULAL |

(Chemical Engineering Project 1)

3.

a.

NA.AT. NUAH FAFIAT

.U, AFNTINLATT (U.N7RR)
M.S. (Chemical Engineering)
West Virginia University, USA.
Ph.D. (Chemical Engineering)
University of Pittsburgh, USA.
Usgaunsalaou 20 U
57.95. ¥tuns Jeyansua

WU, LAIAINTIN LNYTATENSUAU 2
(An1)

M.S. (Chemical Engineering)
University of Drexel, USA.
Ph.D. (Chemical Engineering)
University of Drexel USA.
Usgaunsadaou 17 U

5A.03. YA WWeuy

1A.U. IAINTIILAL (195.)

V6.4, AAINTINDINNT (UA5.)
V6.0, IAINTIUDINNT (UI5.)
Usgaunisalaou 12 U

A3, WA LRTEITI9Y

VAU, AFNTINLAL (1N.)

A3, Aeanssual (3u0°)

M. Phil. (Chemical Engineering)
Newcastle University, UK.
Ph.D. (Chemical Engineering)
Loughborough University, UK.
Usgaunsalaou 3 U

A.03. selve Lsfinehivg Fsunaa
.U, walulagoms (un.)
UIM33309 (N159A7A) (SIUAUN)
7.3, AAInssuadl (195,

Ph.D. (Chemical Engineering)
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6.

7.

8.

10.

University of Queensland, Australia.
Uszaunisalaou 34 U

36.95. 54lng 3956

2610, Aensuedl (un.)

6.9, AEnssaall (un.)
Uszaunisalaau 12 U

5A.05. Tufien MayAnanuel

6.0, IAINTIUAL (195.)

M.S. (Chemical Engineering)

Lehigh University, USA.

Ph.D. (Chemical Engineering)
Lehigh University, USA.
Uszaunisalaou 19 U

5705, UIun Uselndoun

WM. ATAAINTTU (17°1)

263, IANTIULAL (195.)

Ph.D. (Material Science)

University of Manchester, UK.
Uszaunisalaeu 12 U

A3 WITOUTIA AuuvaLVas

6.0, AANTIuLedl (un.)

M.Sc. (Advanced Chemical Engineering
with Process Systems Engineering).
Imperial College London, UK.
Ph.D. (Chemical Engineering),
Imperial College London, UK.
Uszaunsalaous U

A.A3. LEUANT ASUNAN

MU, ATl (19

6.3, AFNIsILALl (195.)

Ph.D. (Chemical Engineering)
University of Queensland, Australia.

Uszaunsalaau 33 U
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11.

12.

13.

14.

15.

A.03. lnena AIAgeany

WU ATIMINTIY (117)

M.S. (Chemical Engineering)
Texas A&M University, USA.
Ph.D. (Chemical Engineering)
Texas A&M University, USA.
Uszaunisalaou 30 U

3705, WIUN 1338y bvensena
B.Eng. (Chemical Engineering)
University of New South Wales,
Australia.

Ph.D. (Chemical Engineering)
University of New South Wales,
Australia.

Uszaunisalaou 20 U

A.AT. LUART LIEYNIUY

MU 1Al (1n.)

7.4, IAINTTUAT (JU7)

D.Eng. (Applied Chemistry)
Tohoku University, Japan.
Uszaunisalaou 26 U

HA.A3. LS anerIvgn

2610, NIl (un.)

M.Sc. (Chemical Engineering)
RWTH-Aachen University, Germany.
Dr.Techn. (Chemical Engineering)
Vienna University of Technology,
Austria.

Uszaunisalaou 13 U

NA.AT. 28NS Aoulng

6.0, IAnTIuLadl (un.)

2619, AEnssaadl (wn.)

Uszaunsaidau 6 U
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16.

17.

18.

19.

20.

21.

HELAT. INUA1 39T TING
26U, AAnTuedl (un.)

6.3, Arnssuad wn.)

6.9, AFnssaAdl (un.)
Uszaunisalaou 6 U

HALAT. ANNYT TOAAY)

eI RUNGHACTRGZ )

MU LATITIAENS (u.uiina)
Ph.D. (Chemical Engineering)
Rochester University, USA.
Uszaunisaldaou 9 U

57.05. 3@ atumNIaNa
.U, AFNTINAL (N,
M.Eng. (Chemical Engineering)
University of Mc Gill, Canada.
Ph.D. (Chemical Engineering)
University of Mc Gill, Canada.
Usgaunsalaou 25 U

.05, quiuvi Aumszna

WU WPHRAMNTTY (UY.)
7.4, IAINTIUAT (JU7)
D.Sc. (Chemical Engineering)
University of Washington, USA.
Usgaunsalaou 26 U

3A.A3. BYATAl duan

.U, 1Al (uaina)

Ph.D. (Chemical Engineering)
California Los Angeles University, USA.
Usgaunsalaou 9 U

5A.03. BYAYY SULTUNLUG
WM. WPHNAIMNTTY (HAN.)
7.3, ANTsuadl (1)

V6.0, AFINTSULAT (1A.)
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Uszaunisaidau 27 U

22. A.95. DI50ANA 138

2610, ANl (195.)

M.A.Sc. (Chemical Engineering)
University of Waterloo, Canada.
Ph.D. (Chemical Engineering)
University of Waterloo, Canada.

Uszaunisalaau 19 U

01202499

TAseuddNssuLAd Il

(Chemical Engineering Project II)

. WA.AT. NURE FAEIAT

2610, AFNTTuLALl (Uing)
M.S. (Chemical Engineering)
West Virginia University, USA.
Ph.D. (Chemical Engineering)
University of Pittsburgh, USA.
Uszaunisalaau 20 U

57.0%. BHuns Jgyanswa
MU 1AAMNTIN HesAtdeuduau 2
(A1)

M.S. (Chemical Engineering)
University of Drexel, USA.
Ph.D. (Chemical Engineering)
University of Drexel USA.

Uszaunsalaau 17 U

3. 5A.05. ¥aA" teute

.U, AAINTTULA (15.)

VP14, IPINTINDIMIT (UR5.)
7.9, IAINTIUDINT (UIT.)
Uszaunisalaeu 12 U

3. alywa LRuTdaNTIY

AU, FINTIUAL (1N,

A3, Feanssuadl (3u0°)

M. Phil. (Chemical Engineering)

Newcastle University, UK.
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Ph.D. (Chemical Engineering)
Loughborough University, UK.
Uszaunisalaou 3 U

A.03. 5dlve lefinshivg ATunA
.. walulagoins (wn.)
USM33309 (N159A1R) (SIUATUN)
7.9, AAINssuadl (195.)

Ph.D. (Chemical Engineering)
University of Queensland, Australia.
Uszaunisalaou 34 U

357.05. 54lng 3956

1.0, IAINTIULAL (UA.)

9.0, AFnssuad wn.)
Usgaunsalaou 12 U

5A.05. Tufien MayAnanuel
1.0, IAINTIULAT (U95.)

M.S. (Chemical Engineering)
Lehigh University, USA.

Ph.D. (Chemical Engineering)
Lehigh University, USA.
Uszaunisalaeu 19 U

5705, YU Uselnilouwn

WU ATIMINTIY (17)

7.4 AFnTTuLAL (195.)

Ph.D. (Material Science)
University of Manchester, UK.
Usgaunsalaou 12 U

A5, N30UTiFN AuLTaNNeq

a al
.U, AIAINTIULAN (UN.)

M.Sc. (Advanced Chemical Engineering

with Process Systems Engineering).
Imperial College London, UK.
Ph.D. (Chemical Engineering),
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10.

11.

12.

13.

14.

Imperial College London, UK.
Uszaunsalaou 3 U

A0, YINs ASUNAL

MU 1Al (1)

6.3, IAINTIULAL (195.)

Ph.D. (Chemical Engineering)
University of Queensland, Australia.
Uszaunisalaau 33 U

A.03. lnena AIAgeany

WM. ATAAINTTY (17°1)

M.S. (Chemical Engineering)
Texas A&M University, USA.
Ph.D. (Chemical Engineering)
Texas A&M University, USA.
Uszaunisalaou 30 U

.09, UIUN Lﬁaﬂ%nga
B.Eng. (Chemical Engineering)
University of New South Wales,
Australia.

Ph.D. (Chemical Engineering)
University of New South Wales,
Australia.

Usgaunsadaou 20 U

A.A3. LUART LAIEYNIUY

.. ATl (UN.)

7.3, 3ANTsuadl ()

D.Eng. (Applied Chemistry)
Tohoku University, Japan.
Uszaunisalaou 26 U

HA.05. LS anerIvgn

26U, AAINTIULAL (Un.)

M.Sc. (Chemical Engineering)
RWTH-Aachen University, Germany.
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15.

16.

17.

18.

19.

20.

Dr.Techn. (Chemical Engineering)
Vienna University of Technology,
Austria.

Usgaunsadaou 13 U

HA.AT. 28NS noulns

6.0, Arnssuadl (wn.)

6.9, AenssaAdl (un.)
Uszaunisalaou 6 U

HALAT. INUAT 37T TING
.U, AFNTINAL (1N,

7.3, AEnssuad wn.)

7.0, AAnssuad wn.)
Uszaunsaldou 6 U

HALAT. ANTYT SORLAY

.U, 1Al (u.u7ina)

WA WTTENS (uufing)
Ph.D. (Chemical Engineering)
Rochester University, USA.
Usgaunisalaou 9 U

5A.AT. e atumsana

.U, AFNTINAT (A,

M.Eng. (Chemical Engineering)
University of Mc Gill, Canada.
Ph.D. (Chemical Engineering)
University of Mc Gill, Canada.
Uszaunisalaou 25 U

.05, qiiuvt Aunszna

WU, LANYRAINNTTY (WY.)
7.3, nTsuadl (1)

D.Sc. (Chemical Engineering)
University of Washington, USA.
Uszaunisalaou 26 U

3A.05. dYaATAl duany
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e RUNCGHACTRGZ )
Ph.D. (Chemical Engineering)
California Los Angeles University, USA.
Uszaunisalaou 9 U

21. 36.A5. DUAYY SULNUILUE
WM. LPHRAIMNTTY (HAN.)
A3, 3ENTsuadl ()
6.9, AEnssaall (un.)
Uszaunisalaou 27 U

22. A.95. DI3OANA 9136
2910, AFINTTULAL (1195.)
M.A.Sc. (Chemical Engineering)
University of Waterloo, Canada.
Ph.D. (Chemical Engineering)
University of Waterloo, Canada.

Uszaunisalaau 19 U

01202421 1. A.As. 53lve Lsfinehivg Asunnn
WAFEASUDINTZUIUNITHAZNITAIUAN .. walulagons wn.)
(Process Dynamics and Control) UIM3§IND (N59AA) (SIUAUMN)

29140, AMINTINLALl (195.)
Ph.D. (Chemical Engineering)
University of Queensland, Australia.
Uszaunisalaeu 34 U

2. sA.05. viuns Yeyanswa
MU 1AAMNTIN HesAteuduaU 2
(Quw1+)
M.S. (Chemical Engineering)
University of Drexel, USA.
Ph.D. (Chemical Engineering)
University of Drexel USA.

Uszaunsaidau 17 U
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01202431
LATEFAEAHATNITUTHEILIIAINIIAINTTULAL

(Chemical Engineering Economics and Cost

NA.AT. NUAH FAFIAT
LY. IEINTIUAL (1.4708)

M.S. (Chemical Engineering)

Estimation) West Virginia University, USA.
Ph.D. (Chemical Engineering)
University of Pittsburgh, USA.
Uszaunisalaau 20 U

01202362 . 37.99. Tuiien mayenanwal

2AanssuAuUasnneLaznIsUITsiuAUES

(Safety Engineering and Risk Assessment)

9A.U. IFNTINAL (195.)

M.S. (Chemical Engineering)
Lehigh University, USA.
Ph.D. (Chemical Engineering)
Lehigh University, USA.
Uszaunisaldou 19 U

HA.ng. 18NS aoulns

6.0, IAnTIuLedl (wn.)
6.9, AenssaAdl (un.)

Uszaunsaidau 6 U

01202361
wAlulagdgid1rsulIAInsLAN

(Green Technology for Chemical Engineer)

. WALAS. 3N1UA1 9T TING

a al
.U, AIAINTIULAL (UN.)
VR4, IFINTSULAL (UN.)
2.9, AAINTsULATl (un.)

Uszaunsalaau 6 U
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1.3 nMsiguRgeviagnnluszuuniInig

1aid]

2. msandunvangas
2.1 Tufu - A1TITNT KATUBNLIATTIVNNT
- ANANSANEIN 1 1pUlQUIEU - LABUAAIAY

- PIANSANYN 2 WHaUNgFRANEY - WauiluAY

2.2 AuanUAvaEidIAnm
donluddnitulsenfnwneuarevisefiou waslifidnuvaedewiuselul
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Laidl

2.4 nagnslunrsandunisiveudletym / dedrinvesiidalude 2.3

[EtY

2.5 unun1ssuiidauasdansamsinulusses 59

n1aUnG
o Un1shinw
un
2565 2566 2567 2568 2569
1 55 55 55 55 55
2 - 55 55 55 55
3 - - 55 55 55
4 - - - 55 55
394 55 110 165 220 220
Sruudidaiinnndtazay - - - - 55
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ANANLAY

s Un1sAnu
un
2565 2566 2567 2568 2569
1 55 55 55 55 55
2 - 55 55 55 55
3 - - 55 55 55
4 - - - 55 55
39U 55 110 165 220 220
srunuiidefinadnazau - - - - 55
2.6 SUUTEUIUAULAY
2.6.2 SUUTENIUSIUTU (WU9UIN)
AAUNG
$19n155185U Yeuuszuau
(sulszanusela) 2565 2566 2567 2568 2569
Ruersssudounsfn 1,870,000 1,870,000 1,870,000 1,870,000 1,870,000
LT
UUTENMUURURY 250,000 250,000 250,000 250,000 250,000
awUszanuselanininn 4,000,000 4,000,000 4,000,000 4,000,000 4,000,000
Rudnassnauseloviann 1,500,000 1,500,000 1,500,000 1,500,000 1,500,000
NSSEUNTABUNANGAS
nANLAY
s2u5185U 7,620,000 7,620,000 7,620,000 7,620,000 7,620,000
AANLAY
319N155185U Ysuuszunu
(suusvanausela) 2565 2566 2567 2568 2569
Rumsssudounsdng 3,960,000 3,960,000 3,960,000 3,960,000 3,960,000
L1918
QUUTENNULHURY 250,000 250,000 250,000 250,000 250,000
suUszanauselan1pign s 4,000,000 4,000,000 4,000,000 4,000,000 4,000,000
Rudpasswauselovian 1,500,000 1,500,000 1,500,000 1,500,000 1,500,000
NSSEUNTABUNANGAT
nANLAY
su5185U 9,710,000 9,710,000 9,710,000 9,710,000 9,710,000
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2.6.2 9UUsEU0U518318 (BUBUIN)

naund
. Yauuszana
18N1INYINY
2565 2566 2567 2568 2569

. SUANLUNNT

1. Aldeunans 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000
2. lafaneaL i 3,960,000 3,960,000 3,960,000 3,960,000 3,960,000
3, JUTIBTEBY 9 800,000 800,000 800,000 800,000 800,000
4. Ud59331 500,000 500,000 500,000 500,000 500,000
393(n) 6,860,000 6,860,000 6,860,000 6,860,000 6,860,000
. SUBNUAIATAN 1,500,000 1,500,000 1,500,000 1,500,000 1,500,000
32U(N)+(%) 8,360,000 8,360,000 8,360,000 8,360,000 8,360,000
UIULER 220 220 220 220 220
AldRnesanatgn 38,000 38,000 38,000 38,000 38,000

AANLAY
. Yauuszana
I18N13318I18
2565 2566 2567 2568 2569

. uALHuUNg

1. AlgeumnaIns 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000
2. algiangaiuanu 3,960,000 3,960,000 3,960,000 3,960,000 3,960,000
3, JUTIBTEBY 9 800,000 800,000 800,000 800,000 800,000
4. Ud59331 500,000 500,000 500,000 500,000 500,000
39(n) 6,860,000 6,860,000 6,860,000 6,860,000 6,860,000
. SUAWUAIATIN 1,500,000 1,500,000 1,500,000 1,500,000 1,500,000
393(n)+() 8,360,000 8,360,000 8,360,000 8,360,000 8,360,000
IUIULER 220 220 220 220 220
AldRnesanatan 38,000 38,000 38,000 38,000 38,000

2.7 STUUNISANE
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3. WANgAsLAZeNRTYLdau

3.1 ¥aNgns

3.1.1 ai"lu'awmﬂﬁmwmaawé’ngm lideandn 143 nulena

3.1.2 Taseairavangns

1. vanadvAnwily Lidesndn 30 wiqefin
1.1 nguanszeghilan lyitenin 7 mhefin
1.2 NguansEAEnSLMEUTENOUNIS lyiteund 3 mhefin
1.3 nguansznwfunisdoans Lyieen 15 wihenin
1.4 nguansenadiesinguavnalotan  lidesnd 2 vithefin
1.5 nquanseguvisuaans Lyioen 3 v

2. MUV UANE litfesndn 107 wiaehin
2.1 "“aml,awwﬁugm Laitfaundn 44 wqenn
2.1.1 ﬂagﬁsmﬁugmmqﬂﬂimmamﬂmﬁmmmam’ 25 vIene
212 ﬂfjﬁmﬁugmmﬁmmiu 19 mihefin
2.2 v nawizau Laidaanda 63 viaefin
2.2.1 NgUANITIAUMEIAINTTY 60 1IenA
2.2.2 NV NRNNIIAINTTY 3 yidenin

3. KUY TN Lidesndn 6 wiaehn

3.1.3 519791

1. BUNIVIRNWINLY lddesndn 30 vidaeia
1.1 nguanszogfiay yiveandn 7 v
01175XXX ANIIUNAANY 1(0-2-1)

(Physical Education Activities)
wazLasneudnlitesnin 6 Mledn nseAv LA AN LU

15HGREPRRIEHGR
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1.2 nauansemansuieusznaunis Liiteend 3 vhefin
danseulitesnin 3 niheis nsedvlunuindwdneiild

nANaNTEAERSUMIRUTENBUATS

1.3 nguansznwiunisdoans Lyieen 15 vienin
Ay e 3(--)
ABNLIANUTUNA 1 N8N 9(--)
Fansaume/mauiiunes  livesnd 3(--)

1.4 nguansenaliedlveuasnadotan  lidesnd 2 v

01999111 AR T ULA AL 2(2-0-4)

(Knowledge of the Land)

1.5 nquanseguvisemans Lyitoena 3 v

& = R ' I a a = o
Lﬁ@ﬂﬁﬁluvlﬂu@ﬁ]ﬂ’m 3 KUIYNH ﬁ]ﬂﬂi’l&l’aﬁdﬂuwmmﬁﬂw’mﬂﬂ

NAUANTEEUNILANENT
2. MUINIYNANIL Litfaundn 107 wiaehn

2.1 JnanIzNUgIY 44 viena

2.1.1 NG ugIuNANAmanSua I AEns 25 yhgin

01403114  UfuAmmvdnyaiaiinaly 1(0-3-2)
(Laboratory in Fundamental of General
Chemistry)

01403117  wanyaaiinaly 3(3-0-6)

(Fundamental of General Chemistry)
01403221  \ALIBUVSY 3(3-0-6)
(Organic Chemistry)

01403222  ANBUVSENIAURURANTS 1(0-3-2)
(Laboratory in Organic Chemistry)
01417167  ANAAIEASTIAINTTY | 3(3-0-6)

(Engineering Mathematics 1)
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01417168

01417267

01420111

01420112

01420113

01420114

ANAANENTIAINTIH Il
(Engineering Mathematics II)
AMRAERTIAINTIN ]
(Engineering Mathematics lI)
Handvily |

(General Physics I)
Handvilu 1

(General Physics i)
UURNSHEN |
(Laboratory in Physics )
UURNSHENE Il

(Laboratory in Physics II)

2.1.2 N@UIPINUFIUNIAINTTY

01204111

01205201

01205202

01206221

01208111

01208221

01213211

AouNILMBsULarN1TIUTLATY
(Computers and Programming)
ennssuldindesdu

(Introduction to Electrical Engineering)
Ufuinisiennssului |

(Electrical Engineering Laboratory )
euhazilunazaifuszanddmsuiang
(Applied Probability and Statistics for
Engineers)

NS ULUUIAINTTY

(Engineering Drawing)
NAAENTIFINTTY |

(Engineering Mechanics 1)
Taneansdmsuiaang

(Materials Science for Engineers)
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3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

1(0-3-2)

1(0-3-2)

19 wHeAe

3(2-3-6)

3(3-0-6)

1(0-3-2)

3(3-0-6)

3(2-3-6)

3(3-0-6)

3(3-0-6)



2.2 AP ANILAY

2.2.1 ngEANITIAUNNIMINTTY

01202211

01202212

01202215

01202216**

01202222

01202311

01202312

01202313

01202316

01202317**

01202321%**

01202341

01202361

01202362

MANNITLAZNITAIUINNUFIUNITIAINTTULAL

(Basic Principles and Calculations in Chemical

Engineering)

nsUfUuRNsRNIENLIY |

(Unit Operations 1)
gauUNaAanIAINTTILAL |

(Chemical Engineering Thermodynamics 1)
Usingnisainisanglou

(Transport Phenomena)
NITUIUNITIAINTTULAL

(Chemical Engineering Processes)
nsUfuRNIsRNIEUaeY i

(Unit Operations 1)

nMsUuRN SNz I

(Unit Operations 1)

UURN1TIeNssuLadl |

(Chemical Engineering Laboratory 1)
gauUNAAARIAINTITIAL Il

(Chemical Engineering Thermodynamics II)
Wiaavdmsuianaidl

(Numerical Methods for Chemical Engineers)
n3UsEynaltAauNIWesNIIMmNTSULALl
(Computer Application in Chemical
Engineering)

AenNssulisenall

(Chemical Reaction Engineering)
wialulagdendmsuiansall

(Green Technology for Chemical Engineer)
JmnssuaruUaensouaznsussduanudes

(Safety Engineering and Risk Assessment)

** JFulganein

- 23

63 hUBNA

60 UIBNR

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

1(0-3-2)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)



01202399

01202411

01202413

01202414%**

01202421

01202431

01202492*

01202495**

01202497

01202499

N3N

(Internship)

UuRNIMmINssual |l

(Chemical Engineering Laboratory 1)
N1990NLUULIRIUNIIAINTTULAL
(Chemical Engineering Plant Design)
nseenkuUUgUNIaindIAINTSILALl
(Chemical Engineering Equipment

Design)
Wﬁﬂﬂﬁm%‘d@ﬂﬂi%‘U’JuﬂqiLLﬁ%ﬂWiﬂ'J‘Uﬂll
(Process Dynamics and Control)
LASEPANANSHATNITUTHEIUTIAMNIAINTTULAL]
(Chemical Engineering Economics and Cost
Estimation)

wialulagdagdumadmnssuall

(Current Technology in Chemical Engineering)
Iﬂi\‘imu%ﬂ?ﬂiﬁmmﬁ |

(Chemical Engineering Project 1)

duun

(Seminar)

Imamuﬁmﬂiﬁmmﬁ I

(Chemical Engineering Project II)

2.2.2 NRUIYNAONNIIAINTTY

01202422

01202423

01202443

Tdeniseuliddesnin 3 wiiein 990578390
selud

m%m‘uamLLUUMmEJﬁaLLUSLLaz’qUﬂmE
(Multi-variable Control and Instruments)
MNwrN1590nLUUlUNTZUINAITIAINTTILAL
(Design Know-how in Chemical Engineering
Process)

N3saUATeIIeHG

(Heterogeneous Catalysis)

* UasnegIvtuyd

** JJuUsenein

-4 -

1(0-3-2)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

1(1-0-2)

1(0-3-2)

3(0-9-5)

3 BUILNR

3(3-0-6)

3(3-0-6)

3(3-0-6)



01202451

01202463

01202471

01202472

01202490

01202496

01202498

3. NUINIVILFDNLES

AMINTIUTINTZUIUNIS

(Bioprocess Engineering)
Amnssutlnsduuuaztlngal

(Petroleum and Petrochemical Engineering)
AMINTTUNOALNDT

(Polymer Engineering)

walulagianuily

(Nanomaterial Technology)

AUAAANE

(Co-operative Education)
Souannzmamnssund

(Selected Topics in Chemical Engineering)
Ugyyiiieiy

(Special Problems)

Lidesnin 6 wdaeha

- 95-

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

1-3

1-3



AUNLNEVRAUAYIEUTEINIV
ANUINEYRUAYTHAUTEIIU lUnananTIFInssumansUndin a1u13vieInssuail

USENBUMEARAY 8 Uan AANUNUIEAIT

'
a

BVAIPUN 1-2 (01)  VUIEDI INYUVAUIWIY

'
a

LAVAPUN 3-5 (202) AUNEDS @IV IIAINTIULAL

'
o v A =% U

& o
WYAIAUY 6 U809 TEAUTUU

WUANRUN 7 LD AAUNUNEFIT

1 vanefle  ngEAvAnITUITLAUISImnT LA

2 vanefle  nauAniABIfUImNIINsTUULAENSEUIUNNS

3 vaneds  nguiniieafuuimsuasdnnismaimnssuiedl

4 vnefle  ngainfeafusmamnssuufazen

5 FGULR ﬂejafm‘mLﬂmﬂummmﬂimmmmLLawmﬂsvmumi

6 vaneile  nauiviAnfusundsnu anuvasnds wazduinden
7 vanefla  nauivAeTUsuTan

9 Mg NAIAYRNNY aviadny) lasenu dusuiwazTavniuay

wYaauN 8 nunedis dduivluudazngy

- 26 -



3.1.4 LAAWNUNITANEI

(1) dwsviidanlaidanisauannafne

Y9 1 nenseawi 1 MR (¥.055818-30. U URN-vu. AnwmenuLes)
01208111 NSIWYULUUIMNTTY 3(2-3-6)
01417167  AMAAIEASIFINTIH | 3(3-0-6)
01420111  Andmly | 3(3-0-6)
01420113 U{URNSWENS | 1(0-3-2)
01999111  ANERSUAILNUA 2(2-0-4)
Fnwing 3(- -)
NNNNUTENA 1 NI 3(- -)
F@nuhly nguansvegiilan 3(- -
39U 21(- -
U9 1 nenseawAT 2 Ui (¥.U55818-30. U URNS-vu. AnwimenuLe)
01204111 ARURIMEIarN1TIUILATY 3(2-3-6)
01403114 UfTRmsudnyaiaiimnly 1(0-3-2)
01403117 ndnyaweilinly 3(3-0-6)
01417168  AMAAIANTIAINTTY I 3(3-0-6)
01420112  Andly I 3(3-0-6)
01420114  U{UANWEN I 1(0-3-2)
01175xxx AINTTUNAAN®YI 1(0-2-1)
Afnwivhll nauansyauviemans 3(- -)
Jdnuhly nauanszegiiiay 3(- -
Pl 21( - -

-7 -



UM 2 AAnsAnwn 1 wunhein (¥u.U5e18-10.U§URNT- YU Anwisienues)

01202211 wé’ﬂmmasmsﬁwmmﬁugmmﬁmmsuLﬂﬁ 3(3-0-6)
01202222  N3$UIUNITIAINTIULAL] 3(3-0-6)
01205201  Sennssuliindesdy 3(3-0-6)
01403221  LANBUNIE 3(3-0-6)
01403222  ARBUNIINIAUGUANTS 1(0-3-2)
01417267  AlnFNERTIAINTIY Il 3(3-0-6)
NIFNUIENA 1 A1) 3(- -
U 19(- -)
I 2 AnAnsEawaT 2 MR (¥.U53818-30. U URNS-vu. Anwimenule)
01202212  msUjuAnsiamynule | 3(3-0-6)
01202215  QuVNaMARSTIMINTIUAL | 3(3-0-6)
01202216  Usngnisainisanelou 3(3-0-6)
01205202  UfuEnsiengsuludd | 1(0-3-2)
01213211  Japeansdmiuiains 3(3-0-6)
AAnwhly nguansymansuraiuszneuns 3(- -)
FETAUNA/ADUTILADS 3(- -
71 19(- -)

-28-



UM 3 MAnsAnwIN 1 el (Fu.ussee-1u. U URNs- 9L Anwimenues)

01202311  nsUfURMISWIENUIY I 3(3-0-6)
01202316  UVNAFANTIAINTTULAL I 3(3-0-6)
01202317  FaeinavdmsuIcansiall 3(3-0-6)
01202321  MsUszenAldmaNNILADININAINTINAL 3(3-0-6)
01208221  NAAAATIAINTTY | 3(3-0-6)
nFeNLES 3(- -
571 18(- -
Uit 3 nensanwii 2 Ui (3u.U55818-90. U URNS-vu. AnwismenuLe)
01202312  nsUfuRMSRNIEALIL I 3(3-0-6)
01202313  UfuRnNsIAInssuLedl | 1(0-3-2)
01202341  Jennssudisenadl 3(3-0-6)
01202361  walulad@ledmsuimnsall 3(3-0-6)
01202362  Frnssuanalasadeuasnisussiiuanuides 3(3-0-6)
01206221  avwiasduazaifussynddmiuimng 3(3-0-6)
AWINIANUTENA 1 N1 3(- -
371 19(- -

-29-



UN 4 aAnsAnei 1 unhein (¥u.Use18-10.U§URNS- YU Anwisienued)

01202399 n1sHNIL 1
01202411 U{uRnIenssuwadl I 1(0-3-2)
01202413 N1599NLUULINNUNINIAINTTULAL 3(3-0-6)
01202421 WAAIAR SYBINTLUIUNTHATNITAIUAY 3(3-0-6)
01202492  wAlulagdagiumadamnssuad 1(1-0-2)
01202495 1A5991U3FNTINLAL | 1(0-3-2)
01202497 GHEGTe 1
A UFONNIIAINTTU 3(- -
371 14(- -)
39 a4 nAnsEAWATE 2 UUMNEAN (¥.U53818-90. UG URN5-vu. Anwinenule)
01202414 NseeNLUUgUNIaINNSIFINTIUWAL] 3(3-0-6)
01202431 WFISEEANANSHAaLNI3UITINIIAIMNIAINTTULAL 3(3-0-6)
01202499 1A599113NnssAdl || 3(0-9-5)
I UFRNLES 3(- -
39U 12(- -

-30 -



(2) AunsuianNasnSyUaNNIANE

I 1 ArensFned 1 IUMEAn (¥.055818-90. U URN-vu. AnwimenuLes)
01208111 NSWHULUUIMNTIY 3(2-3-6)
01417167  AMAFAIEATIFINTIN | 3(3-0-6)
01420111  Andmly | 3(3-0-6)
01420113  Uf{URANSHENS | 1(0-3-2)
01999111  ANARSLUILKUAU 2(2-0-4)
Fynunng 3(--)
INNRNUTENA 1 NI 3(- -)
Jndnuhly nguansvegiilan 3(- -
71 21(- -)
Ui 1 aAmsineii 2 UUMNEAN (¥3.U55818-30. U URNS-vu. AnwinienuLe)
01204111 ARuNIMBSULarNIsIUTLATH 3(2-3-6)
01403114 UFTRnmsudnyawniimnly 1(0-3-2)
01403117 wnényawediinly 3(3-0-6)
01417168  AMAFIEASIAINTIN I 3(3-0-6)
01420112  aAndvmly I 3(3-0-6)
01420114  U{UANSWENS I 1(0-3-2)
01175xxx AANTIUNaANY 1(0-2-1)
Andnwiill nauansequviemans 3(- -)
Jndnwhly nguansvegiilau 3(- -
71 21(- -)

-31-



UM 2 MAnsAnwn 1 el (Fu.ussee-1u. U URNs- 9L Anwimenues)

01202211  wdnMsuaznIsAINiugIuNIImnssuAd 3(3-0-6)
01202222  N3EUIUNTIAINTIUAL 3(3-0-6)
01205201  Amnssulaiudasiu 3(3-0-6)
01403221  AHIBUNIE 3(3-0-6)
01403222  ARBUNIENIAURUANTS 1(0-3-2)
01417267  AdlnenansImNssy i 3(3-0-6)
WINIRUTENA 1 219 3(- -
59 19(- -
?11‘71' ) mﬂmsﬁﬂmﬁ 2 MR (Y3.U55818-90. U URN5-vu. AnwisienuLes)
01202212  msUfUuRMTRNIEALIY | 3(3-0-6)
01202215  QMUUWaAIARTIAINTINAL | 3(3-0-6)
01202216  Usingnisainisanglou 3(3-0-6)
01205202  UjuRnsIanssulin | 1(0-3-2)
01213211  Japmansdmsuieans 3(3-0-6)
01206221  euhazilunazaifuszanddmsuiang 3(3-0-6)
J@nwhly nguansymansuraiuszneunis 3(3-0-6)
32U 19C- -)

-32-



UM 3 AAnsAnwIN 1 IR (¥.U55818-30. UG URNS-vu. AnwidienuLe)

01202311  n1sU{URNISEWIENUIY I 3(3-0-6)
01202316  guvwamansIMINTIUAL Il 3(3-0-6)
01202317  FBW@ssavdmsuIAmInsALl 3(3-0-6)
01202321  msUszendldmauiinmoinifiFnssuedl 3(3-0-6)
01208221  naF@aRTIAINTIY | 3(3-0-6)
NI TEINA 1 A1 3(- -)
I ndoNES 3(- -
U 21(- -)
I 3 AnensEnwT 2 IUUMNEAN (¥3.U53818-30. UG URNS-vu. AnwimenuLe)
01202490  @nnaAN®A 6
EIPEY 6

-33 -



*ﬂﬁ' il ﬂ"]ﬂﬂ’]ﬁﬁﬂ‘tﬂﬁl 1 Fumheie (F.U53818-30. U URNS-vu. AnwismenuLe)

01202399  A15HNU 1
01202411  U{URNTIENIIULALl I 1(0-3-2)
01202413  A1500NLUULTIIUNIIAINTTULAL 3(3-0-6)
01202421 WAFNARNTYBINTEUIUNITHATNITAIUAY 3(3-0-6)
01202492  welulagUagdumadmnssuall 1(1-0-2)
01202495  lAse9u3AINTINLAdl | 1(0-3-2)
01202497  &uw 1

PR RIGRNIGE 3(--)

AIETAUNA/AOURN DT 3(- -

57U 17(- -
I 4 arensEawaT 2 Ui (3.U55818-90.UHURNS-vu. AnwimenuLe)
01202312  AsUfUAnIseNIEre i 3(3-0-6)
01202313 UjUANTIFINTIUALl | 1(0-3-2)
01202341  Jenssuufisead 3(3-0-6)
01202361 wialulag@erdusuirnsadl 3(3-0-6)
01202362 FmnssuauUasasouasnsuseduaudes 3(3-0-6)
01202414 NeENLUUgUNIAINNIAINTIULAT 3(3-0-6)
01202431 LASEPANANSKATNITUTHEUTIAMNIAINTTULAT] 3(3-0-6)
01202499  lassudennssuadl I 3(0-9-5)
57U 22( - -

-3 -



3.1.5 AN95UYS182%

3.1.5.1 sedndidusiavesnangns

01202211

01202212

- g lundngns
VANNITUAZNITATLINIUTIUNNIAINTTULAL 3(3-0-6)
(Basic Principles and Calculations in Chemical Engineering)

NANNITAIUINNUFIUNIIAINTTUAT N5naulaasiiieItasnaglyl

WNetesiuuisenail aunadgain nsigandenulaglideyaaunainil Yayanis
{

Uszgnaldlunseuiun1sdilen

Introduction to chemical engineering calculations, stoichiometry and
material balance with and without chemical reactions, phase equilibrium data,
energy balances using chemical and physical property data, and thermodynamic
data, solving material and energy balance problems, and applications in green

process.

mMsujuRnsanynllY | 3(3-0-6)
(Unit Operations 1)

wuzdndnn1sveInIsUfuRnIsianznieg afneansvesvadlnanaznig
Uszandt Usngnisaivesnisivauazaunisiugiuresnisiva nislvaveseslvavia
soslallfuazsiindaslilurouasduuns qunsaldmiunesiva wiesllefléingns
N13ka MSHANLAZNITNIY  NAAIENTUBIBYNIAKATNANNITHENDUNIARILLTS
Ttumauazusasiss msnnaznou Wgdlasdu nisuaanvuiauaznisdntenoynia
shewedesilena wagnsUszendldlunszuiunsdiden

Introduction to unit operations, fluid static and its applications, fluid
dynamics, fluid flow phenomena, basic equations of fluid flow, flow of
incompressible fluids in pipelines and thin layers, flow of compressible fluids,
fluid transporting devices, fluid measuring devices, mixing and agitation, particle
mechanics and principles of gravity and centrifugal separation, sedimentation,

fluidization, size reduction and mechanical separation and applications in green

process.

- 35 -



01202215

01202216

01202222

QauUNAAIEaRSIFINTIILAL | 3(3-0-6)
(Chemical Engineering Thermodynamics |)
Ipiieaeusnmiou : 01417167

NuULazANNSaUY ﬂg%’aﬁwﬁaLLazLLmﬁmﬁugmﬁuaaqmmwamam% dUN1IFNIY
anuduiiusvesantfianny  ngdefiaesnazdofianuvesgummamans  3pdnsmis
QUUNAANANT

Work and heat, the first law and basic concept of thermodynamics,
equations of states, state property relation, the second and the third laws of

thermodynamics, thermodynamic cycles.

Usingnisainisanelou 3(3-0-6)
(Transport Phenomena)
Ffideasounnrew: 01417267

ngANUniavesilifiu ngnsdiAuTouveIises ngnIsUNIVesTing auna
yosluaudy watLazINa BnnaLUUYad aunsnsuuTUdsu nseslewli
UANNAINUMAZIIATENINTIgANA Aauvmssal

Newton’ s law of viscosity, fourier’s law of conduction, fick’s law of
diffusion, momentum balances, energy balances, mass balances, shell balance
method, equations of change, interphase momentum energy and mass

transports, macroscopic balances.

NIEUIUNITIAINTTULAL] 3(3-0-6)
(Chemical Engineering Processes)

A358IUTTAIAINTAL Ugjﬁ%mLﬂﬁLLazmsL‘Uﬁwuﬂawwmwmwﬁﬁm%ﬂu
ATTUIUNIT qﬂﬂizﬁ LLazmama\imiﬂﬁﬁamﬂuqmamﬂiimmzmumimﬁ
Qmammiwﬁamﬁﬂ Qmamniimmmimﬁ PNAINMNITUDINIT Qmﬁmmmmﬁﬁmsﬁ
RREMNTIUNENSIRUSINA

Chemical engineer code of ethics, chemical reactions and physical
changes forming in processes; equipment and operating conditions in chemical
process industries; fuel industries, petrochemical industries, food industries,

chemical industries, consumer product industries.

- 36 -



01202311

01202312

01202313

01202316

nsufuRnIsmIznag i 3(3-0-6)
(Unit Operations II)

msthaudou nMswimudou nsusidaudeu wsewmanildsuniudeu
LLUUV]IBE?EN%U Lﬂ%‘l@ﬂLLaﬂLUa‘EJUWJ'HJ%E]uLL‘UUL%ﬁéLLﬁ%Vi@ Lﬂ%iamamﬂ?iaumm%fau
LUULHY LA3D9AIULLY LASDIusEIMY msﬁwmmauaﬂuwﬁﬁumu MInau

Heat conduction, heat convection, heat radiation, double pipe heat
exchangers, shell and tube heat exchangers, plate heat exchangers, condenser,

evaporator, equilibrium stage calculations, distillation.

msujuRnsianizvule i 3(3-0-6)
(Unit Operations III)
%ﬁﬁﬁaaﬁaumdau: 01202211 way 01202311

nsgewEia  aunsaldmiunisujuanisuuuineveamas  mMsufURNS
fuieadosfumnutu nsgadu wdeseuus nsafn n1sgady wagnsUszgndldly
NITUIUNTALTEN

Mass transfer, equipment for gas- liquid operations, humidification
operation, gas absorption, drying, extraction, adsorption and applications in green

process.

UURnTIenssuadl | 1(0-3-2)
(Chemical Engineering Laboratory 1)
Iiifeaeusniou: 01202212 wie 01202218

UURN1IMIINITanvUIn Msuenana nsanelouaslvalazauiou wag
ﬂ'ﬁﬂébu

Laboratory in size reduction, mechanical separation, transfer of fluid and

heat, and distillation.

QUNNAFNANTIAINTIUAT] I 3(3-0-6)
(Chemical Engineering Thermodynamics II)
Aiidoaseusnneu: 01202215

szuufifiansnaneviia amﬂa%aﬁgmﬂﬁﬁmwmwﬁﬂ QUNNAFAIANTUDY
ansarany aunaufiseadl

Multi- component system, multi-component phase equilibrium, solution

thermodynamics, chemical reaction equilibria.

-37-



01202317**  FBgesnavdnsuIAmINILAL 3(3-0-6)
(Numerical Methods for Chemical Engineers)
FfidoaSounneon : 01204111 way 01417167
nsasvaunITAdaAanIvestynInInIsuall Malnaglddlauues
auNSivANe N1INIUSHUSITLAY HaRaedIRIauYesaunITTseyiusanlyuay
auMsveyiusdos IUsunsursuiawesdmsuldunaunis
Mathematical formulation of chemical engineering problems. Numerical
solutions of algebraic equations. Numerical integration. Numerical solutions of
ordinary and partial differential equations. Computer programs for solving

equations.

01202321* msUszendldnouiinnaINIAINTIUAll 3(3-0-6)
(Computer Application in Chemical Engineering)
msllusunsupeufinmesifientdummndmnssued nsadiswuuiians
NS¥UIUNTT MIBBNLULRUNTAIUAUANSIRNNENNg Lagn1TiATIEinTsuIunsiag
Tdwendwasdnsagy
Use of computer software to solve chemical engineering problems.
Development of flowsheet simulation. Unit operations design. Process analysis

using software packages.

01202341  Imnssuufisenad 3(3-0-6)

(Chemical Reaction Engineering)
ApidesFeuanneu: 01202211

JaunaAIansLAll ﬂauwamam%mawﬁﬁ%wﬁLﬁuLﬁaLﬁmﬁu n13
EJ’e]ﬂLL‘U‘ULﬁ@ﬂﬁuﬁﬂﬁ%Um%‘@ﬂﬂﬁﬂiiﬁmﬁ asiseUFAzenifuvesuds tades
Ufnsainldansssufiseriduvesuds

Principles of chemical kinetics, kinetics of homogeneous reactions,
design fundamentals for chemical reactors, solid catalysts, heterogeneous

catalytic reactors.

** J5udsanein _ag.



01202361

01202362

01202399

wialuladdwerdusuimnsiall 3(3-0-6)
(Green Technology for Chemical Engineers)

nénmamuauuafivlulssnugaanngsy 3enide dude safivig
\Foe uafiwresoiniAkaznInvewnds nannisnistestuuaiivlagldinalulad
az010 N15UssLilunaeninInITIN N1500NWUUTITINALATYEAY suaieile
nsdanisdanndeuiidgrdndug lusunsuuiasgiuaina letoale 14000 lngld
ﬁug’mmmiwwﬁmﬂiizﬂ,umiﬂisLﬁu 31009 waroonLuY fiRaTTUIAY
\ATugAansuaziudndon

Principles of industrial pollution control, treatment of wastewater,
noise pollution, air pollution from industry, and solid wastes, principles of
pollution prevention using cleaner technology, life cycle assessment, eco-
design and other emerging tools in ISO 14000 series by using fundamentals
of chemical engineering to assess, model, and design which take into

account both ecological and economical aspects.

JenssueuUaenfonaznisussduniades 3(3-0-6)
(Safety Engineering and Risk Assessment)

TWINGMATAVAAATYNAMNTIN  HUUTIABINIINTTAENTUARYUdRY
iy drAdy n1sseilinuasnisUesiu gunsaliisde n1sdnuundunsne n1suseiiiu
ﬂ’J’]ﬂJLﬁ‘&JﬂLLﬁ%éJumﬁ’]EJ%WEJLLN ﬂ’ﬁﬁﬂﬂ’ﬁﬂ’l’]mﬁjﬁm msmmaauqﬁ'ﬁma NyNY
TotsdumuUaonsie 9558135 waen1sUseyndldlunseuiunsdiden

Toxicology and industrial hygiene, toxic-released dispersion models,
fire, explosions and prevention, safety equipment, hazard identification, risk
and major hazard assessment, risk management, accident investigation, law,

safety regulation and ethics and applications in green process.

N1sANITY 1
(Internship)

n1sRnuluaIrIvimnssuailluan1uUsEnaunIseNYu BIeau
Ay Menusgiamie wie anufny lnelszeziandudwulitesnin

240 92119 waglidaenii 30 Juiinns

-39 -



Internship  for chemical engineering in private enterprises,
government agencies, government enterprises or academic places at least

240 hours and at least 30 working days.

01202411  U{URNTIFNIsuLadl I 1(0-3-2)
(Chemical Engineering Laboratory II)
Ipiieadeusnmiou: 01202218 w3e 01202311
UfuAn1smanisangloumnuTeulaziIa kaEN1SAIUAN NTEUIUNS

Laboratory in heat and mass transfer and process control.

01202413  N1599NLUULTIUNINIAINTTULAL] 3(3-0-6)
(Chemical Engineering Plant Design)
IfidoaSounnou: 01202311
LL‘H’JﬁﬂLLaS%TJG]E]Uﬂ’ﬁ@@ﬂLL‘U'Uiiﬂﬁ’]ULLagﬂﬁgU’JUfﬁiNaﬁm’]\ﬁﬁ’lﬂiiiﬂLﬂfl
Tefansanmaasegaans anulasnsonazdundoy MTNATIERTRY way
n13219dil5997u Mseenuuulimngaufian mseenuuuLAIeTisuaniUdsy
mm%@uuazmami
Concept and procedure for plant design and chemical production
process, considerations in economic, safety and environment, plant location
analysis and plant lay out, optimum design, design of heat exchanger and

mass exchanger network.

01202414*¢  M30RNKUVRUNTAINITIAINTTULAL 3(3-0-6)

(Chemical Engineering Equipment Design)
IfiFesSounou: 01202311

vaNyaveINIseaniuudiena Jedinluniseaniuuuaznsidentyian
dmsugunsallulssnunssuiunmmadmnssuall n15as1eaUsnTnnisAuIn
MNAMINTIULATIMEABUNLADSTONALIT N15USMITIATINTS

Fundamentals of mechanical design, design constraints and
material selection for chemical engineering processing plant. Creating a
chemical engineering calculation spreadsheet using computer software.

Project management.

** JJulsanedn
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01202421

01202422

01202423

WAAIERSUYBINTLUIUNTHALNITAIUAY 3(3-0-6)
(Process Dynamics and Control)
IfidesSounou: 01417267
LUUA180INNALAFIAATUDINTZUIUNITNINIAINTTULAN nATlANIS
LAUYNILAENAAIENSYRITEUY MANNITAIVANLUUEDUNAY N1TILATITN
LAY TATNYDITZUY mmamwmzummuqmLLazma‘Uﬁuaﬂmmﬁ wazmAlAnIg
muqu%’jugq
Mathematical modeling of chemical engineering processes, solution
techniques and dynamics of these systems, feedback control concept,
stability analysis, frequency response and control system designs, advanced

control techniques.

NSAIUANLUUMAIEAILUSWAZRUN S0l 3(3-0-6)
(Multi-variable Control and Instruments)
JefidoaSeuinnow: 01202421

o

AsINvesTEUUNMIAIUAN  gunsalinlunszuiunts vllnvesdayayin

[y

9

n1suUasdy T nINgeuIaeniuAlia A1ALeATTTY kAT NIIAIUANGIEY
ﬂ@llﬂ’llﬁ]’e]% ‘Vli]‘lﬂaﬂ’ﬁﬂ?‘UﬂiJ mimuawmaﬁmﬂs N1599NLUU N15371809 ey

6 o a a

nsUsEyNAAIUANTLER
Overview of control system, process instruments, type of signals,
Analog- to- digital and digital- to- analog converters, data acquisition and
computer- based control, control theory, multivariable control, design

simulation and implementation of PID controller.

MiNbeN1599NLUUIUNIZUIUNITNIIAINTTULAL] 3(3-0-6)
(Design Know-how in Chemical Engineering Process)
3%1ﬁ§aqﬁaumdau: 01202321 wag 01202413
nanvein1sissukuuldlanddynn fnven19e9nuuunI1unszuIUNIg
Wasiden uarlnsiadl nszurunaall MavaAwmngiign wagszuuiifinnuiou
U
Principles of problem-based learning, design know-how of petroleum

and petrochemical processes, chemical processes, optimization and heat

integration.
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01202431

01202443

01202451

LATHFANANSUAENTUTEIUTIANNITIAINTTILAL 3(3-0-6)
(Chemical Engineering Economics and Cost Estimation)
N1581UY0YaN9NTUYTUAIUNTRUYDIDAAMNTINAT NITUTEUIUTIAY
funu veaniesdnsgUnsailunszuiunisudnnianl uazn1iATIZITA
iswgeansiiiousznaunisdndulaluniseenuuulsesnumamnssuail ng
AATIMTUATEgAEnslunsiiannszuIuMsell kaznsasulugaamnssuedl
Interpreting the accounting data and financial statements in chemical
industry, chemical process equipment cost estimation and economic
evaluation in chemical engineering plant design, economic evaluation for
selection of alternative chemical processes and investment in chemical

industry.

nsisaUfAzenIdsug 3(3-0-6)
(Heterogeneous Catalysis)

ndnMsveINTSUFATEMUUTIsTUS idugumglinsfivesnisgadu §nss
LATLUUTNRBINNIAUAIANTVDINTTHIULATE AnTeUFATowTAA99 wagns
Uszgnaldaulugnaiinssy Mawieudissfiseuasnisnds MsTuunAuanuy
NIFANTIVADUNNNIEAIN LASNTUANY

Concepts of heterogeneous catalysis: adsorption and adsorption
isotherm, rate and kinetic model of catalytic reaction, types of catalysts and
industrial applications, catalyst preparation and production, characterization,

physical determination, case study.

AMINTINTINTLUIUNT 3(3-0-6)
(Bioprocess Engineering)

LUIAANANYINTININLALIAINTIUTINTZUIUNNT LLazmi‘Uisqﬂﬁﬁm%
Amnssnedl Anuifidndunnagadiine: Fuefluaziugmans nsuszyndlivdnnig
mAmnssuemanslunisoenuuy Wauuagdinseinssuiunsfildfismedinm

The principal concepts of biological and bioprocess engineering and
applications for chemical engineers, essence in microbiology, biochemistry and
genetics, the applications of engineering principles to design, develop and

analyze processes using biocatalysis.
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01202463

01202471

01202472

Aennssutlnsdsuuazilngiadl 3(3-0-6)
(Petroleum and Petrochemical Engineering)

goamnssudlnndeuuazdlngiad ssdineuazimnssuuvasiniudosdiu
MsdsIarMIYATE Asdasadeuaznsnszmiingnudaindeslunisdisauas
nsudedlasdey nsvudaihifuuasine msuenfesssund gramnsaiasadly
Uszelng nsndullnsidey

Petroleum and petrochemical industry, basic geology and reservoir
engineering, exploration and drilling, safety and environmental concern in
petroleum exploration and production, oil and gas transportation, natural gas

separation, petrochemical industry in Thailand, petroleum refining.

AMINTIUNOALNDT 3(3-0-6)
(Polymer Engineering)
IfideosSounou: 01403221

NANNITLAZITNITATOUNDALNDT LATIET190IN0ELNT auTANIINIBAINUDS
wodwed autidenauarautiiialudu 4 milwavesmedues asifiuuss nsdusy
wialulagtangu waznsussendlylunssuiunsdies

The principles and methods of polymer preparation, structure of polymer,
physical properties, mechanical properties and other general properties, flow

properties, additives, fabrication processes, elastomer technology, and

applications in green process.

wialulagiaguily 3(3-0-6)
(Nanomaterial Technology)

Aninveamnalulaguiluwariaguily Auaudfanizvesianvuiauily
WA NTBUINNSWSENTERUILY adialumTieseianuazanizvesTaquIly n1s
Ussgndlduseleviianuily

Overview of nanotechnology and nanomaterials, fundamental of nano-
effects, fabrication methods of nanomaterials, nanomaterial characterization,

applications and implications of nanomaterials.
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01202490

01202492*

01202495**

01202496

01202497

annaAne 6
Co-operative Education
nsUfdaauluaniudsznounsludnvausninaiudinsna tielile
UszaunsaiannmsluufoRmuildSuneumang
On the job training as a temporary employee in order to get experiences

from assignments.

wialulagdagdumadminssuad 1(1-0-2)
(Current Technology in Chemical Engineering )

[
[ (%

walulagdagdumadmnssuail Jantuas malulagdinim malulagndaanu
PN
Ndz010

Current technology in chemical engineering. Advanced materials.

Biotechnology. Clean energy technology

TAsEnuIAmINTsuLA | 1(0-3-2)

(Chemical Engineering Project )

Fgnfideadeuanten: 01202211 uag 01202212 uag 01202215
NSLAIYUTDLEUBIATIIUNITIAINTIULAT Larn1TULELD

Proposal preparation of chemical engineering project and presentation

L%ENLQW’]%V]’N’QJWmiﬁJLﬂﬁ 1-3
(Selected Topics in Chemical Engineering)

Y

Sesanegmmnssueilussaulsygies  ideiseaddsulilunnazain
N13ANEY
Selected topics in chemical engineering at the bachelor’s degree level.

Topics are subject to change each semester.

AU 1

(Seminar)
nsiauetazedlneidenhaulanaimassuailluszaulsyy 3

Presentation and discussion on current interesting topics in chemical

engineering at the bachelor’s degree level.

* Uasnedvtug

** J5udsanein
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01202498

01202499

01202218

Ugyyiveig 1-3
(Special Problems)

a a a a

nsAnAuaTmnssueiiseauligaes wezSeuisadoudussnu

<

Study and research in chemical engineering at the bachelor’s degree level

and compiled into a report.

1ATsAAINTINLAd Il 3(0-9-5)
(Chemical Engineering Project Il)

SefidoaSeuInnou: 01202495

N5y AANElAT191U3AINTTULAN N15UJURNIIVIAGDY N15LATENTI891Y

1ATIUNSEARDNAUUINUEN

Implementation of the proposed chemical engineering project,

experimental operation, report preparation and oral presentation.
- §183YIUINT

nsuuansanelauluudukasausou 3(3-0-6)
(Momentum and Heat Transfer Operations)

atngenansvasluauaznsUssynd warmanivediva Usingnisalves
nslvanazaunsiugiuvesnisiva nislnavesweslnaviadndalilldluse
waznsivaidutuune gunsaloudsvesive gunsaifldndnsinisina mawax
LaLNIINIY Mﬁﬂfﬂi‘ﬁug’mﬂ’ﬁﬁﬂEJIE)UWN&J%IEMIG]EJ A3UY NN WaENIS
WiiSed inSesuaniUdsunudeunuurioanstu ndesanddoumudou ms
N384 MIVNTEMY MIANAZNOU MU Uaznisioanmyeslva

Fluid statics and its applications; fluid dynamics; fluid flow
phenomena and basic equations of fluid flow; flow of incompressible
fluids in pipelines and thin layers; fluid transporting devices; fluid
measuring devices; mixing and agitation; fundamental of heat transfer:
conduction, convection, and radiation; double pipe heat exchangers; heat
exchange equipment; filtration; evaporation; sedimentation; centrifuge;

fluidization.
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01202318

nsuURnsaneleulia 3(3-0-6)
(Mass Transfer Operations)

N13618191198 N15AATUAY miﬁﬂmmauﬂaﬁ’]ﬁuﬁgu ANSN&U 113
afin NIPUL MIPATU WagnsAuANMSUSURNSINNEMIY

Mass transfer, gas absorption, equilibrium-stage calculations,

distillation, extraction, drying, adsorption, and control of unit operations.

3.1.5.2 s'lﬂ'%ﬁmﬁL‘T]usﬁ'a%'manwé'ngm

01204111

01205201

01205202

ADUNLHBIALNISIUTHNTY 1(0-3-2)

(Computers and Programming)

lassaieanuguvessruuneuiivnetadelvil nsunudeyalunsuiiunes n1s
wAtgyrIAeTunauIs N1TeRnLULLAEHRILTUTEATN M9 sulUsLnsuiUnsduIY

AMW3EIUEY MSRNURURNTIUSUNSUAIEIATRIRBNRINDS

Basic structure of modern computer systems; data representation in
computers; algorithmic problem solving; program design and development
methodology; introductory programming using a high-level programming

language; programming practice in computer laboratory.

Fmnssuliiiid osdu 3(3-0-6)

(Introduction to Electrical Engineering)

AN ILATIZNINATNSEWANSILALNTERAATU tATBINL AR LA LAz NS IgIUY

1DLHBTHATNNTIIU NlBkUaY SEuUlawWa syuvdanaa wwIaadlanialnin

Direct current and alternating current circuit analysis. Generators and their
uses. Motors and their uses. Transformers. Three-phase systems. Power

transmission system. Electrical instruments.

Ufuinsieanssulai | 1(0-3-2)
(Electrical Engineering Laboratory |)

Jufiseaseuannow: 01205201

Ufuinsnediuisesnseulivimnssulnintodu
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01206221

01208111

01208221

Laboratory experiments on topics covered in introduction to Electrical

Engineering.

ANuUzlukazadfussanddnsuIfIng 3(3-0-6)

]

(Applied Probability and Statistics for Engineers)

a d'

I NADNIIUNINDUY: 01417168

i & i ! IR
AURzly A1AAAILLAENITLANKAIANNABTUNIETLY n1suanuag
NN5aNFI0Ee NMseurnunsanRd miulayn msguitegramilslazaniyn n1s

ATIENNITAANDE N1TILATIENANLUSUTINLAENSUTEENAATRAUTEUY

RIYGRIIRREY

Probability, expected value and common probability distributions,
sampling distributions, statistical inference for one-and-two sample problems,
regression analysis, analysis of variance and their applications to industrial

systems.

ALY ULUUIAINT T 3(2-3-6)

(Engineering Drawing)

wallAN1slguidneIkazAlay N1slsusunsusvindalssend N9l

& a a aa v & A
AMNB5LENITINAN N1SWIUNINENAR NSIAVUIABALLNUIAIUAAIALAADY NS
WYUNINANIIYIY NISEILEUAR NATANITHUEUNINTIE NNSIYULUULARITI8ALL R

WALNSEUNINUTENDU NISR8ULUUTTRUR MBS T8 U 99U

Lettering techniques; applied geometry drawing; orthographic drawing;
pictorial drawing; dimensioning and tolerancing; sectional view drawing; auxiliary
views; development; sketching techniques; detail and assembly drawing,

introduction to computer-aided drawing.

NAAENTIFINTTY | 3(3-0-6)
(Basic Principles of Engineering Mechanics)

JefidoaSunnow: 01417167

NTIATIEIRTS auna N1sUsEEndaunTIsaunaniulasIEsIuazin3esdnsng

wungees qudueslula au waudisadoutasluiuudsn wada AuLden
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01213211

01403114

01403117

yuu Au anguazanuny nuadieu waissnmussauga Tusudenudesvasiiug
warnansiloedu

Force analysis, equilibrium; application of equilibrium equation to frames
and machines; centroid, theorem of Pappus; beams, shear and bending moment
diagrams, cable; dry friction, wedges, screws and belts; virtual work, stability of

equilibrium; area moment of inertia, introduction to dynamics.

Tanenansamsuieans 3(3-0-6)

(Materials Science for Engineers)

ANUFURUSTEninalATeadne audf NTeUIUNIT WAZANTIOULVDITAR
IMNTTN WU WANRAIELaENTAAY TaseaiieganiaLarInnATiNTLS A
auUfveadanIiaIngsy NMnsivaeulasainevesian NMINAaaULATNITIATIEN
auliAvesian nsfnnieulagmadenvesian nsrurunsuanvesianimnssy Yan

[y 1 v

UIeNauLazId@nNaasg

q

Relationships  between  structures, properties, processes and
performances of engineering materials. Phase equilibrium diagrams and their
interpretation. Micro and macrostructures related to properties of engineering
materials. Investigation of material structures. Material properties testing and
analysis. Corrosion and degradation of materials. Production processes of

engineering materials. Composite and construction materials

UFvRmsudnyawesily 1(0-3-2)
(Laboratory in Fundamentals of General Chemistry)

ANAuSIULINeU: 01403117 BisansauNU

UFtRnsdmiUIn 01403117 nényaiaiivaly

Laboratory work for 01403117 Fundamentals of General Chemistry.

ynyaLasily 3(3-0-6)

(Fundamentals of General Chemistry)

a (% IS

1AS9A51992MDU A1S19NSDBANLAZAUURARIUAITIINIDBAN WUSLLAL
USunaudunius uia vesmad veauds a1sazany saunamansiail aunainil nsn

waziud aunavedtesau suansieumnin lave elave uasislane lansunsuidu
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Atomic structure, periodic table and periodic properties, chemical
bonds, stoichiometry, gases, liquids, solids, solutions, chemical kinetics,
chemical equilibria, acids and bases, ionic equilibria, representative elements,

metals, nonmetals and metalloids, transition metals.

01403221  ATBWWSY 3(3-0-6)

(Organic Chemistry)
AideaFeuannou: 01403111 vide 01403115 wie 01403117

NOWNILALIBUNTE N33 HUNUsEINYeIansUsenaudunsd Uiseadl
waznalnueslfizen aweslowdl audinazufisevesansueduninlalasaisuou
woaralglan uelsuufnlalasasusu uwoaneged swes arsUsznauilusa woah
lad Alau nInduN3d oyRudnIndun3d wavieliu aulhvesddia aslulawmse
nsnozdlu 1UsAY waznsntiipddn N1suIlATas9esa1susen oudun3glaeis
nsanIngalnd

Theories in organic chemistry. Classification of organic compounds.
Chemical reactions and mechanisms. Stereochemistry. Properties and
reactions of aliphatic hydrocarbons, alkyl halides, aromatic hydrocarbons
alcohols, ethers, phenolic compounds, aldehydes, ketones, carboxylic acids,
derivatives of carboxylic acids, and amines. Properties of lipids, carbohydrates,
amino acids, proteins, and nucleic acids. Structural determination of organic

compounds by spectroscopic methods.

01403222  pdBUNIEINIAURURNIT 1(0-3-2)
(Laboratory in Organic Chemistry)
Fdideadeuindeu: 01403221 viiendeutu
UfuRn1sdmsuIvn 01403221 1aidun3d

Laboratory work for 01403221 Organic Chemistry

01417167  AGMANEATIAINTSY | 3(3-0-6)

(Engineering Mathematics 1)

[

dlinuavaruseiliotveailandu ayiusuasni1sussand AT9aYRUsS

USnusuasnsusegnd ssuufidageds Usiuslinssuu drdusazeynsy n1s

guBBentinenans
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01417168

01417267

01420111

01420112

Limits and continuity of functions, derivatives and applications,

differentials, integration and applications, polar coordinates , improper

integrals, sequences and series, mathematical induction.

AUAANARNTIAINTIN I 3(3-0-6)
(Engineering Mathematics i)

JufidesSeusnnow: 01417167

LINLABSWAZLIVIAMATLATIEINT AU UAAARaYeITanTunaIgfILys
wAaRdavesilanduAInmes
Vectors and solid analytic geometry, calculus of multivariables

functions, calculus of vector-valued functions.

ALlRAYERSIFINTTY I 3(3-0-6)
(Engineering Mathematics IlI)

JefidoaSeunnow: 01417168

Doy

auMI RIS TUdUdUAUNTY aun1siTeeyRusIBLdunildulsyans
< 1 LY v P o w
WuA1AR an1siuas ardangiasnan1sulasnnny NaeagiidusunInnigs
JEUUAUN LRI USIT ALY

First order linear differential equations, linear differential equations
with constant coefficients, Laplace transforms and inverse transforms, power

series solutions, system of linear differential equations.

Wandnaly | 3(3-0-6)
(General Physics I)
¢ = ‘:1' s a a s ¢
NAFNERNT NITILARDUNLUUTNTUBUN ARU ﬂamammmi‘ma qm‘mwamam
Mechanics, harmonic motion, waves, fluid mechanics,

thermodynamics.

TNl 1 3(3-0-6)
(General Physics i)
AniidoaFousnneu: 01420111

Iilusingn aduwiumdnliil Fauaans Aandgelvlidesdiu uag

a = faa 6
Ueagsand
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Electromagnetism, electromagnetic waves, optics, introduction to

modern physics and nuclear physics.

01420113 U uRn1sHEnd | 1(0-3-2)

(Laboratory in Physics 1)
I NFoRsuULINeUE: 01420111 Wisensauniu 58 01420117 visensauny
U URNsdwmsuInandmly | vse Wandiugu |

Laboratory for General Physics | or Basic Physics |

01420114  U{UANHENS I 1(0-3-2)

(Laboratory in Physics II)

JefidoaSouinnow: 01420113 wag 01420112 vivendoury wse 01420118 visonsou

U

[%

UfURnsdmsvIvi@ndvaly Il vseWlandnugiu I

Laboratory for General Physics Il or Basic Physics Il.
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3.2 %9 6Na AUVLILAANAIYEIB1R1TE

3.2.1 819158UsEMANaNS

%a—muaqa N1TUEDU
AMNUMNIIYING
AMAl (8191397) NA9IUNINIYINTT WANGNT
i . Uaglu o
Yodn1Uu, U w.a. ' UTuuse
fidusansinun
WILNUAE FAFIAT U3 01202218 | 01202218
HYILMans19158 CO, capture in the form of 01202311 | 01202311
.U, (3FnIsuLALl) thermally stable solid 01202313 | 01202313
UIeIFUNARG, 2538 compounds using ammoniated | 01202399 | 01202399
M.S. (Chemical Engineering) brine, 2562 01202490 | 01202411
West Virginia University, USA., 2542 Transesterification of Jatropha 01202411 01202431
Ph.D. (Chemical Engineering) oil to biodiesel using SrO 01202431 | 01202490
University of Pittsburgh, USA., 2545 catalysts modified with CaO 01202473 | 01202492
from waste eggshell, 2564 01202495 | 01202495
01202496 | 01202496
01202497 | 01202497
01202498 | 01202498
01202499 | 01202499
wgtuns Jganswa YUY 01202313 | 01202313
SOANENSI1158 Hybrid control scheme for 01202321 | 01202321
.U, (ATAFINTIN) e shtle anaerobic digestion in a CSTR- 01202399 | 01202399
PNANTUUNING IR, 2538 UASB reactor system, 2563 01202411 | 01202411
M.S. (Chemical Engineering) Input/output linearizing 01202422 | 01202422
University of Drexel, USA., 2545 controller with Taylor series 01202490 | 01202490
Ph.D. (Chemical Engineering) expansion for a nonminimum 01202495 | 01202492
University of Drexel USA., 2548 phase process by hardware-in- 01202496 | 01202495
the-loop approach, 2563 01202497 | 01202496
3. Enhancement of PHB production | 01202498 | 01202497
process in a fed-batch 01202499 | 01202498
bioreactor using input-output 01202499
linearization technique with
optimal setpoints, 2564
WNEANIYENT ey MUY 01202211 | 01202211
599AN@NT1915E Synthesis of light hydrocarbons 01202313 | 01202216
via oxidative coupling of 01202314 | 01202313
01202399 | 01202399

¢ Y Aa %

* 91UHIUNAYDUNANEAT

Y
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%a—umaqa N1TTIUEDUY
.. AUAUINIIYINTG
a1y - - - o
o Al (619173%97) NASIUNINIYINTG . nangns
! Yoaantu, Y w.a. dayl USuuse
fiduSamsAnen
96U, (Arnssuwai) methane over silica-supported 01202411 | 01202411
WInedemnaAlulagnsEIenaIsuLs, Na,WO,-TiO, catalyst, 2562 01202490 | 01202490
2543 2. Influence of the Calcination 01202495 | 01202492
2.4, (3AINTINDIMIT) Technique of silica on the 01202496 | 01202495
wﬁ‘wmﬁam@hﬂa@mmaumé”lﬁuﬁ, properties and performance of 01202497 | 01202496
2546 Ni/SiO, catalysts for synthesis of | 01202498 | 01202497
2.0, (AAINTIUDWNT) hydrogen via methane cracking 01202499 | 01202498
WIMeFenAlUlagnTEIRNNaIsULS, reaction, 2562 01202499
2551 3. Synthesis of dimethyl ether via
CO, hydrogenation: Effect of the
drying technique of alumina on
properties and performance of
alumina-supported copper
catalysts, 2563
4 | wwalywa 1Jesd15my 1. Eco-friendly fabrication of highly | 01202211 | 01202211
9719139 selective amide-based polymer | 01202313 | 01202313
26U, (Arnssuwai) for CO, capture, 2562 01202399 | 01202399
UNTINYINBLNEATANERNS, 2544 2. CO, capture performance and 01202411 | 01202411
6.3, (Benssuiad) environmental impact of 01202490 | 01202490
ﬁ;maﬂﬂiiﬁmwﬁmmﬁﬂ, 2549 copolymers of ethylene glycol 01202495 | 01202492
M. Phil. (Chemical Engineering) dimethacrylate with acrylamide, | 01202496 | 01202495
Newcastle University, UK., 2556 methacrylamide and 01202497 | 01202496
Ph.D. (Chemical Engineering) triallylamide, 2563 01202498 | 01202497
Loughborough University, UK., 2562 3. Water stress assessment in 01202499 | 01202498
Thailand using geo-informatics, 01202499
2563
5 | wesdlye lsfinghug Asunmm MUY 01202313 | 01202313
FNENSIA58 1. Heat integration and batch 01202399 | 01202399
.. (malulagemns) scheduling of optimal 01202411 | 01202411
1MINYNFYNBATANERNS, 2525 bioethanol production, 2563 01202421 01202421
U533 (M3RATN) 2. Grey wolf optimizer (GWO) with | 01202422 | 01202422
UMINYIFEIINANY, 2529 multi-objective optimization for 01202423 | 01202423
6.3, (Benssuiad) biodiesel production from waste | 01202490 | 01202490
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%a—u’mﬁqa N1TTIUEDUY
. ANUINIIYINT
a1y - - - o
o Al (619173%97) NAYTUNISIYINTG . nangns
! Yoaantu, Y w.a. dayl USuuse
fidusansinun
UINGITENTEIBUNAITULT, 2530 cooking oil using central 01202495 | 01202492
Ph.D. (Chemical Engineering) composite design (CCD), 2563 01202496 | 01202495
University of Queensland, Australia, 3. Non-negative differential 01202497 | 01202496
2541 evolution for particle sizing from | 01202498 | 01202497
ultrasonic attenuation 01202499 | 01202498
spectroscopy, 2564 01202499
6 | wwsilve 958 MUY 01202312 | 01202312
TOIANENTIANTE 1. Effect of reaction conditions on 01202313 | 01202313
2A.U. (rnssuall) the lifetime of SAPO-34 catalysts | 01202318 | 01202318
UNINYINNENTAENS, 2548 in methanol to olefins process — | 01202322 | 01202399
2.0, (Arnssuail) A review, 2564 01202399 | 01202411
UNINYIRELNEATANERS, 2552 2. Modeling the effect of process 01202411 | 01202490
parameters on the 01202490 | 01202492
photocatalytic degradation of 01202495 | 01202495
organic pollutants using artificial | 01202496 | 01202496
neural networks, 2564 01202497 | 01202497
3. Core-Shell Faujasite@Aqueous 01202498 | 01202498
Miscible Organic-Layered Double | 01202499 | 01202499
Hydroxides Composites with
Tunable Acid/Base Properties for
One-Pot Synthesis of Ethyl trans-
Q-Cyanocinnamate, 2564
7| wantuiien mayananval U 01202213 | 01202313
FOIANEARNTINNTE 1. Identification of bacteria caused | 01202313 | 01202317
96U, (AAnssuwai) bad odors in the rubber plants, | 01202362 | 01202362
WInedenaAlulagnTEIRunaIsuLs, 2562 01202399 | 01202399
2538 2. Natural rubber as a template for | 01202411 | 01202411
M.S. (Chemical Engineering) making hollow silica spheres 01202471 | 01202471
Lehigh University, USA., 2541 and their use as antibacterial 01202490 | 01202490
Ph.D. (Chemical Engineering) agents, 2562 01202495 | 01202492
Lehigh University, USA., 2546 3. Model-based design, synthesis 01202496 | 01202495
and use of thermally insulating 01202497 | 01202496
01202497
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Ya-uwana

N1TTIUEDUY
. ANUINIIYINT
a1y - - - o
o Al (619173%97) NAYTUNISIYINTG . nangns
! Yoaantu, Y w.a. dayl USuuse
fidusansinun
mortar formulations for energy 01202498 | 01202498
conservation in buildings, 2563 01202499 | 01202499
8 | witdun Uselwilon U3 01202212 | 01202212
599ANENT1915E 1. Synthesis conditions for natural 01202313 | 01202313
MU, (PIIFINTIY) rubber and natural rubber 01202399 | 01202399
qmaansaﬁmﬁwmﬁa, 2544 reinforced with graphene fibre 01202411 | 01202411
A3, (Amnssual) production by electrospinning, 01202490 | 01202490
WIMedenaAlulagnTEIRnaIsULS, 2563 01202495 | 01202492
2546 2. Effect of calcium hydroxy 01202496 | 01202495
Ph.D. (Material Science) phosphate as a crystallinity 01202497 | 01202496
University of Manchester, UK., 2553 enhancer in nafion membrane 01202498 | 01202497
for direct methanol fuel cell, 01202499 | 01202498
2563 01202499
3. Properties and DMFC
performance of
nafion/mordenite composite
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Chemical Engineering Unit Operations
Laboratory Manual
PURPOSE
The objectives of this laboratory course are as follows:
(1) To introduce students to typical and modern methods of data acquisition;
(2) To provide an opportunity for students to verify previously established experimental
correlations and theories in Chemical Engineering;
(3) To give students training in the written reporting of technical material,
(4) To impress students with the importance of working with people (fellow students and

faculty) in a spirit of friendly cooperation and in a professional manner.

PROCEDURE

Each student is responsible for all facets of every report requested. Consultation and

discussion within or between groups is not to be discouraged, however.

The format of a technical report usually assumes a fairly standard style since the
objective of the report is to present in a logical and organized form the results of a scientific or
engineering study. It should be designed to fulfill this objective in the most efficient manner
and to serve as reference in the future.

Reports written by students, as compared with those written by practicing engineers,
have some differences in objectives. While the practicing engineer only wishes to convey ideas
or information, the principal objective of the student is to set training in report writing (and to
pass the course). Thus, it is obvious that the value to the student lies in the preparation of the
report, in the discipline, thought and reasoning which give into the organization and
presentation of the written material. They are not written for the edification of the faculty
(except to measure the ability of students). The value to the student lies in the preparation of

the report, in the discipline and learning which derives from the process of writing the report.



REQUIREMENTS
1) Attendance
Every student is expected to attend all of the regularly scheduled laboratory periods

pertaining to the experiments. Should a group member be absent for valid, verifiable reasons
(illness, death of an immediate family member, etc.), he will be allowed to do a make-up work
by joining group or by submit a report based on the information gathered by his group (subject

to the instructor’s permission).

2) Reports
Every student will submit individually written project reports describing the result of

the experiments. Each report with be due at the beginning of the next regularly scheduled
laboratory period, approximately one week after the experimental work has been performed.

Late reports will be accepted with no penalty if the student has a valid excuse (usually
medical). Otherwise, late reports with incur a ten (10) point penalty for each week that they are
late.

Experiment reports which are submitted on schedule but score less than sixty (60)
points, out of one hundred (100) points total, will be rejected and must be resubmitted prior to
the end of the term. Scores on resubmitted reports will be averaged with the initial score. The
average score must reach sixty points in order for the student to avoid additional resubmission.
He submitted reports will carry the same late penalty as to original submission.

All reports must be received no later than 5:00 p.m. on the last day of regularly
scheduled classes in order for you to receive credit for the course. No incomplete grades will

be given except under truly unusual circumstances.

3) Experiment Supervision

Each student will take turn to be a supervisor for very experiment except the first week
of each experiment. Such student will explain and instruct his/her group both theoretical and

practical aspects.

4) Scoring
The final grade for the course will be based on the report and the performance of the

supervisor.

5) Safety



All students are expected to understand any hazards associated with their particular
experiments prior to beginning them. Since safety considerations are also part of the required
report, it is strongly suggested that the student investigate them as part of his initial preparation
for the laboratory. Unsafe practices on the part of any group or individual in this laboratory
cannot be tolerated and may result in immediate dismissal. The following safety precautions
will be exercised by all students:

(1) There will be no smoking, eating, or drinking in the laboratory area. If you feel the
urge to indulge in any of these activities, leave the laboratory area prior to doing so.

(2) Safety glasses with clear plastic or hardened glass lenses will be worn by all
participants, if necessary. Sun glasses are prohibited. Side shields are desirable but not
mandatory.

(3) Toavoid burns due to accidental splashing of hazardous chemicals, skin should be
covered as much as possible. Long pants and/or aprons must be worn by all participants, and
closed-toe footwear is required. Open-toe sandals should not be worn in the laboratory.

(4) Loose items of apparel should be avoided when you are working around moving
machinery. Neckties, dangling jewelry, and long, loose hair should not be worn. Hair that is
longer than shoulder length should be gathered into a protective net or otherwise confined when
the student is working in the laboratory.

(5) Each student shall know the positions and operation of fire extinguishers, safety
showers, and eye fountains. Should it become necessary to use any of these devices, please
notify your instructor afterwards so that they may be properly recharged where necessary.

(6) Hoods should be used where possible for transferring volatile and toxic chemicals.

(7) Good housekeeping procedures are essential in the laboratory. Particularly,
accidental spills of water and chemical solvents should be wiped up immediately and disposed
of properly. Doing this will prevent poor footing and minimize the possibility of fire and toxic
inhalation.

(8) Spilled mercury should be registered as completely as possible and disposed of
properly. Your instructor should be immediately notified in event of a mercury spill.

(9) Be wary of possible electrical hazards. All electrical devices should be properly
grounded. Frayed or otherwise hazardous electrical cords should be reported and replaced or
repaired. Flammable solvents should be kept away from electrical equipment.

(10) Portable radios are prohibited because they are distracting and therefore hazardous.

(11) Students shall conduct themselves safely and responsibly.



REPORT SPECIFICATION

Format for Technical Reports

= Title page (omitted in this report)

= Abstract

= Introduction (omitted in this report)

= Experimental apparatus, material and procedure (omitted in this report)

= Results and Discussion
- Results
- Analysis of results
- Discussion of errors
= Conclusion
= Recommendation
= Appendix
- Raw data
- Sample of calculation
- Answer to questions (if any)
- Safety consideration
- Bibliography or Reference

- Data record sheet
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Chemical Engineers”, 4™ Ed., McGraw-Hill)

Summary

The summary is probably the most important part of a report, since it is referred to most
frequently and is often the part of the report that is read. Its purpose is to give the reader the
entire contents of the report in one or two pages. It covers all phases of the design project, but
it does not go into detail on any particular phase. All statements must be concise and give a
minimum of general qualitative information. The aim of the summary is to present precise
quantitative information and final conclusions with no unnecessary details.

The following outline shows what should be included in a summary:

A statement introducing the reader to the subject matter
What was done and what the report covers

How the final results were obtained

A w np e

The important results including quantitative information, major conclusions, and

recommendations



An ideal summary can be completed on one typewritten page. If the summary must be
longer than two pages, it may be advisable to precede the summary by an abstract, which

merely indicates the subject matter, what was done, and a brief statement of the major results.
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1
REYNOLDS NUMBER

Objectives

1. To reproduce the classic experiments conducted by Professor Osborne Reynolds
concerning fluid flow condition.

2. To observe the laminar, transitional, turbulent flow and velocity profile.

3. To calculate the Reynolds number and confirm the theory according to the flow patterns

observed.

Introduction

This laboratory unit is intended to reproduce the classic experiments conducted by
Professor Osborne Reynolds, reported in 1883, concerning the nature of laminar and turbulent
flows. By adjusting the flow rate of the flow visualization pipe, the distinction between the
two types of flow is expected.

You will be required to carry out experiments to achieve the above objectives. To
complete the session, you should write a technical report describing the experiments and

answering all the questions given at the end of this manual.

Theory

It has long been known that fluid can flow through a pipe or conduit in two different
ways. At low rates the pressure drop in the fluid increases directly with the fluid velocity; at
high rates it increases much more rapidly, roughly as the square of the velocity. The distinction
between the two types of flow was first demonstrated in a classic experiment by Osborne
Reynolds, reported in 1883. A horizontal glass tube was immersed in a glass-walled tank filled
with water. A controlled flow of water could be drawn through the tube by opening a valve.
The entrance to the tube was fared, and provision was made to introduce a fine filament of
colored water from the overhead tank into the stream at the tube entrance. Reynolds found
that, at low flow rates, the jet of colored water flowed intact along with the mainstream and no

Cross mixing occurred.

-14 -



The behavior of the color band showed clearly that the water was flowing in parallel
straight lines and that the flow was laminar. When the flow rate was increased, a velocity,
called the critical velocity, was reached at which the thread of color became wavy and gradually
disappeared, as the dye spread uniformly through-out the entire cross section of the steam of
water. This behavior of the colored water showed that the water no longer flowed in laminar
motion but moved erratically in the form of crosscurrents and eddies. This type of motion is
turbulent flow.

Reynolds studied the conditions under which one type of flow changes into the other
and found that the critical velocity, at which laminar flow changes into turbulent flow, depends
on four quantities: the diameter of the tube, viscosity, density, and average linear velocity of
the liquid. Furthermore, he found that these four factors can be combined into one group and
that the change in kind of flow occurs at a definite value of the group. The grouping of variables

so found was

N, = DV P/l = DViv

e

where D = diameter of tube
V = average velocity of liquid
4 = viscosity of liquid
p© = density of liquid

v = kinematic viscosity of liquid

The dimensionless group of variables defined above is called the Reynolds number NRge.
It is one of the named dimensionless groups listed in Reference 1 (Appendix 5). Its magnitude
is independent of the units used, provided that the units are consistent.

Additional observations have shown that the transition from laminar to turbulent flow
actually may occur over a wide range of Reynolds numbers. Laminar flow is always
encountered at Reynolds below 2,100, but it can persist up to Reynolds numbers of several
thousand under special conditions of well-rounded tube entrance and very quiet liquid in the
tank.

Under ordinary conditions of flow, the flow is turbulent at Reynolds numbers above

about 4,000. Between 2,100 and 4,000 a transition region is found, where the type of flow
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may be either laminar or turbulent, depending upon conditions at the entrance of the tube and
on the distance from the entrance.

Equipments and Chemicals Used

A Header tank

A Flow visualization test pipe with control valve

A Dye reservoir with pipette injector

A Glass or ceramic beads media

A Measuring cylinder

A Stopwatch

A Potassium Permanganate of iodine solution
Experimental Description

The equipment operates in a vertical mode. A header tank containing stilling media
provides a constant head of water through a bell mouth entry to the flow visualization pipe.
The Flow through this pipe is regulated using a control valve at the discharge end. The water
flow rate of water through the pipe can be measured using the a volumetric tank (or a measuring
cylinder, or other types of flow meters). Velocity of the water can therefore be determined to
allow the calculation of Reynolds’ number.

The equipment uses a similar dye injection technique to that of Reynolds’ original

apparatus to enable observation of flow conditions and velocity profiles.

Figure 1 Osborne Reynolds’ Demonstration
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Figure 2 Flow Regimes

Questions

Avre the results from this experiment consistent with the classic experimental results
conducted by Professor Osborne Reynolds back in 1883? Also, calculate the percentage
error obtained.

Sketch the velocity profiles observed from the experiment. Are they similar to the
theoretical ones you have studied? If not, why?

What is the main purpose (s) of the stilling media in the header tank? Without those
media, what would happen?

If you are asked to use Ethylene glycol instead of water as a flowing medium, at
what flow rates would you expect to see the laminar, transitional, and turbulent
flow in this equipment/experiment?

To alter the kinematic viscosity of the fluid (not by using different fluids as in Q-4)
by altering the temperature of the water, at what flow rates would we expect to see
each type of flow at 80°C water temperature in this equipment/experiment?

The main difference between this equipment/design and the original
equipment/design of Professor Osborne Reynolds is the use of a vertical direction for
the fluid flow versus the horizontal one. In your opinion, which one is better and why?
Please discuss.

Which are the important parameters/designs to make the experimental results close
or similar to the theoretical results? Point out all the missing parameters/designs in

this equipment (Give your answer in a tabulated form).
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Q-8  Make some suggestions/recommendations on this equipment/experiment.

References

1. McCabe, W.L., etal, Unit Operations of Chemical Engineering, 4" edition, McGraw-
Hill International Editions, Singapore, 1985.

2. Armfield’s Catalog and Manual, Fluid Mechanics Series, Armfield Technical Education
Co. Ltd., England.

3. Perry, R.H., and Green, D.W. (ed), Chemical Engineer’s Handbook, 6™ edition, McGraw-
Hill, New York, 1984.

4. Reid, R.C., et al. The Properties of Gases and Liquids, 3" edition, McGraw-Hill, New
York, 1977
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2
BALL MILL AND SIEVE ANALYSIS

Objective

1. To study particle size distribution by sieve analysis
2. To study particle size reduction by varying size, surface area of ceramic ball and time for

grinding

Introduction

Individual solid particles are characterized by their size, shape and density. Particles of
homogeneous solids have the same density as the bulk material. Size and shape are easily
specified for regular particles, such as spheres and cubes, but for irregular particles the terms
“size” and “shape” are not clear and must arbitrarily defined.

The shape of an individual particle is conveniently expressed in terms of “sphericity”
(ds), which is dependent of particle size. For a spherical particle, the sphericity is equal to 1.

For a non-spherical particle, the sphericity is defined by the relation

6v
3, = 5 SP 1)
PP
where Dp = equivalent diameter or nominal diameter of particle
Sp = surface area of one particle

Vp = volume of one particle

Theory
The equivalent diameter is sometimes defined as the diameter of a sphere of equal

volume. For fine granular materials, however, it is difficult to determine the exact volume and
surface and area of particle and Dy is usually taken to be the nominal size based on screen

analysis or microscopic examination. The surface area is found from adsorption measurements

or from the pressure drop in a bed of particles, and then Eq.(1) is used to calculate @, . For
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many crushed materials @ is between 0.6 and 0.8, but for rounded by abrasion ® s may be as
high as 0.95.
Mixed particle size and screen analysis:

Standard screens are used to measure the size and size distribution of particles in the
size range between about 3 and 0.0015 in. (79 mm and 38 um). Testing sieves are made of
woven wire screen, the mesh and dimensions of which are carefully standardized. The openings
are square. Each screen is identified in meshes per inch. However, the actual openings are
smaller than those corresponding to the mesh numbers due to the thickness of the wires. The
characteristics of one common series, the Tyler standard screen series are based on the opening
to the 200-mesh screen, which is established at 0.074 mm. The area of the openings in any one
screen in the series is exactly twice that of the openings in the next smaller screen.

In making an analysis, a set of standard screens is arranged serially in a stack, with the
smallest screen opening at the bottom and the largest at the top. The sample is placed on the
top screen and the stack was then shaken mechanically for a definite time, perhaps 20 min. The
particles retained on each screen are removed and weighed, and the masses of the individual
screen increments are converted to mass fraction or mass percentage of the total sample. Any

particles that pass the finest screen are caught in a pan at the bottom of the stack.

Table 1: Typical Screen Analysis:

Mesh Screen Mass fraction Average particle Cumulative
Opening, Retained, Xi Diameter in Fraction
Dpi, mm. Increment, Dpi Smaller than Dpi
mm

4 4.699 0.0000 - 1.0000

6 3.327 0.0251 4.013 0.9749

8 2.362 0.1250 2.845 0.8499

10 1.651 0.3207 2.007 0.5292

14 1.168 0.2570 1.409 0.2722

20 0.833 0.1590 1.001 0.1132

28 0.589 0.0538 0.711 0.0594

35 0.417 0.0210 0.503 0.0384

48 0.295 0.0102 0.356 0.0282

65 0.208 0.0077 0.252 0.0205
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100
150
200

Pan

0.147
0.104
0.074

0.0058
0.0041
0.0031
0.0075

0.178
0.126
0.089
0.037

0.0147

0.0106

0.0075
0.000

Information from such a particle-size analysis is tabulated to show the mass or number
fraction in each size increment as a function of the average particle size or size range in the
increment. An analysis tabulated in this way is called differential analysis. The results are often
presented as a histogram, as shown in figure 1. A second way to present the information is
through a cumulative analysis obtained by adding consecutively as shown in figure 2, the
individual increment, starting with the containing the smallest particles and tabulating or

plotting the cumulative sums against the maximum particle diameter in the increment. In the

cumulative analysis the data may appropriately be represented by a continuous curve.

0.06

o
o
5

0.02

MASS FRACTION, x;

0 0.2
PART

0.4 0.6 0.8
ICLE SIZE, D,, mm

Figure 1 Differential screen analyses
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0.05 0.1 1.0 5.0
PARTICLE DIAMETER, D,, mm

Figure 2 Cumulative Screen analyses

Mixed particle sizes and size analysis:

In a sample of uniform particles of diameter Dy, the total volume of the particles in m/pp
are the total mass of the sample and the density of the particles, respectively. Since the volume
of the one particle is Vp, the number of particles in the sample N is;

N=_M (2)

A= Ns, =_Om (3)
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Specific surface of mixture (Aw):

If the particle density pp and sphericity @s are known, the surface area of the particles
in each fraction may be calculated from (3) and the results for all fractions added to give Aw,

the specific surface (the total surface area of a unit mass of particles) If pp and ®s are constant,

Aw is given by
6 v X
A =——) — (4)
®.p, T D,
: D, +D;
Dpi _ Drrax + Dmln _ __ upper ! (48)
2 2

Where subscripts = individual increments
Xi
D_pi

mass fraction in given increment

average particle diameter

Average particle size:

The average particle size for a mixture of particles is defined in several different

ways.

1. Volume-surface mean diameter,

D=—> (5)

2. Arithmetic mean diameter,

Do=12 (6)
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3. Mass mean diameter,

Dw = z Xi D pi (7)
i=1
4. Volume mean diameter,
1
3
— 1
Dy = 8
=lax (®)
2=
i=1 Dpi

Number of particles in mixture (Nw):

99

For a given particle shape, the volume of any particle is proportional to its “Diameter

cubed, or

V. =aD? 9)

Where a is the volume shape factor

The total population in one mass unit of sample, N is

1 & X, 1
Ny Y c 3 (10)

ap, 3 Dy ap,Dv

Chemical and equipment

1. Sand 4. Sieve analysis unit
2. Water 5. Analytical balance
3. Ball mill unit 6. Cylinder
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Procedure

Set the screen from top to bottom as follows; mesh no. 50, 60, 80, 100, 120, 170, 200 and
pan.

Weigh all the screens and pan.

Weigh 300 grams of sand and place to the top screen. Start sieving for 15 minutes, then
weigh all the screens with sand. Calculate the mass fraction retained on each sieve.

Weigh 300 grams of sand and grind by using 20 big balls for 20 minutes and weigh all of
20 bigger balls.

Sieve the ground sand for 15 minutes and weigh all of sand on each sieve.

Weigh 300 grams of sand and grind by using smaller balls which total weight is equal to
total weight of bigger balls for 20 minutes.

Repeat step 5.

Weigh 300 grams of sand and grind by using 20 bigger balls for 40 minutes and then repeat
step 5.

Determine sand density.

Result and Discussion

1.Prepare screen analysis table and plot the differential and cumulative screen analyses

curves.
2.Define Aw, Dw, and Nu.
3.Compare the result from each ball size and time for grinding.

References

McCabe W.L., Smith J.C., and Harriott P., “Unit Operations of Chemical Engineering”.
4" edition., McGraw-Hill Book Company, 1985.

Sample Calculations
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The screen analysis shown in Table 1 applies to a sample of crushed quartz. The density
of the particles is 2,650 kg/m? (0.00265 g/mm?q), the shape factor are a = 2 and ®s = 0.571. For

the material between 4-mesh and 200-mesh in particle size, calculate

(@) Aw in square millimeters per gram and N in particle per gram.
(b) Dv

(c) Ds

(d) Dw

(e) Ni for the 150/200-mesh increment.

() What fraction of the total number of particles are in the 150/200 mesh increment ?
Hint Notation 150/200 means “through 150 mesh and on 200 mesh
Solution: to find Aw and Nw, Eq.(4) can be written

X

6 . X
- 22309655
A= 0571 0.00265Z Dy 2 Dy

And Eg. (10) as:

N, = 1 Zf; =188.7Zi(—3i
2x0.00265 D Do

(@) For the 4/6-mesh incrementDy; is the arithmetic mean of the mesh opening of the defining
screens or from table 1, Bypi = (4.699 + 3.327)/2 = 4.013 mm. For this increment, X; =
0.0251; hence Xi/ Bypi is 0.0251/4.013 = 0.0063 and Xi D%/ is 0.004. Corresponding
quantities are calculated for the other 11 increments and summed to give X Xi/ Dpi =0.8284
and T Xi/D3i = 8.8296. Since the pan fraction is excluded, the specific surface and number
of particles per unit mass of particles 200-mesh or larger are found by dividing the results.
From Eq.(4) and Eq.(10) by 1-X; (Since | = 1 for the pan), or 1-0.0075 = 0.9925. Then;

2
_3965x0.8284 _ 0 mm
0.9925 g

A,
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. 188.7 x8.8296 1679 particles
0.9925 g
(b) From Eqg. (8);
— 1
Dy = = 0.4238mm
8.82963

(c) The volume-surface mean diameter is found from Eq.(6)

Ds = L 1207mm
0.8284

(d) Mass mean diameter is obtained form Eq. (7).For this from the data in Table 1.
> X;Dp =D, =1.677mm

(e) The number of particles in the 150/200-mesh increment is found from Eq. (10)

X, _ 0.0031 36 particles
®  2x0.00265x 0.089° g

(F) This is 836/1,679 = 0.498 or 49.8 percent of the particles in the top 12 increments. For the
material in the pan fraction the number of particles and surface area are enormously greater
than for the coarser material, but they cannot be accurately estimated from the data in Table
1.
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3
FILTRATION: FILTER PRESS

Objectives

1. To determine filtration parameters, i.e., filter medium and cake resistances.

2. To determine the characteristics of the cake.

Introduction

Filtration is the separation of a fluid-solid mixture, or slurry, involving passage of most
of the fluid through a porous barrier which retains most of the solid particulates contained in
the mixture. Filtration is the term for the unit operation. A filter is a unit operations equipment
by which filtration is performed. The filter medium or septum is the barrier that lets the liquid
pass while retaining most of the solids; it may be a screen, cloth, paper, or bed of solids. The
liquid that passes through the filter medium is called the filtrate.

The mechanism for separation and accumulation of solid is not clearly understood.
Two models are generally considered. When solids are stopped at the surface of a filter
medium and pile upon one another to form a cake. The separation is called cake filtration.
When solids are trapped within a pore or body for the medium, it is termed clarifying filtration.

Filtration may be operated with constant-pressure driving force, at constant filtration

rate or in cycles that are variable with respect to both pressure and rate.

Filtration Theory: Cake Filtration

In cake filtration, once a layer of solid particles has formed on the filtering medium, its
surface becomes the de facto filter medium, solids being deposited and adding to the thickness
of the cake while the clear liquor passes through. The cake is therefore composed of a bulky
mass of particles of irregular shape, among which run small channels. The flow of liquor
through the cake channels is always streamline and may therefore be represented by:

1dv__ (-ap)

A 1)
t  u(acV/A)+R ]
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where V. = volume of filtrate collected to time t, m®
t = time, s
A = area of filtering surface, m?
—~Ap = overall pressure drop through filter, Newton m™ or kg ms
4 = viscosity of filtrate, kg m™ s
c = mass of dry cake solids per unit volume of filtrate, kg m™, that can be
calculated from
C
= 1-(m. /mCF—l)cF lp
c. = mass of solid in the slurry per volume of liquid in slurry, kg m=
m, = total mass of dry cake, kg
m. = total mass of wet cake, kg

o = density of filtrate, kg m=
« = average specific cake resistance, m kg™

R = filter medium resistance, m™

The above relation expresses the differential or instantaneous rate of filtration per unit
area as the ratio of a driving force, pressure, to the product of viscosity by the sum of cake

resistance and filter medium resistance. Rearranging equation (1) gives:

at _ HEE v HR, @)
dv. A°(-Ap) A (-Ap)
Constant-Pressure Filtration:
For constant-pressure filtration, a (—Ap) is constant and equation (2) yields;
dt
—=K,-V+B 3
dV C ( )
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where K_ and B are constants for the conditions employed. It should be noted that K_ and B
depend on filtering pressure in the implicit sense that « and R_ are generally dependent on

(=Ap) . Integration of equation (3) fromt=0,V=0tot=t,V =V gives:

AV (4)

The use of filtration theory is limited by the fact that filtering characteristics must
always be determined on the actual slurry in question, data obtained on one slurry being

inapplicable to another.

Cake Characteristics: Compressible and Incompressible Cakes:

In the usual range of operating conditions, « is related to the pressure by the

expression:

a =ay,(—Ap)® (5)

where ¢, is an empirical constant determined largely by the size of the particles forming the

cake, s is the cake compressibility coefficient, varying from 0 for rigid, incompressible cakes,
such as fine sands and diatomite, to 1.0 for very highly compressible cakes. For most industrial
slurries, s lies between 0.1 and 0.8 with ferric and other metal hydroxides on the high end of
the compressible cake. Equation (5) should not be used in a range of pressure drops much

different from that used on the experiments conducted to evaluate ¢, and s.

Cake Moisture Content:

Cake moisture content is different from one to another depending on particle size,
filtering conditions, degree of air blowing, and nature of cake materials. Moist cake needs
more energy for drying and more liquid is lost with the cake. Moisture content is obtained

from:
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Weight of wet cake - Weight of dry cake
% Moisture = X100 (6)

Weight of wet cake

Data of filtration time and filtrate volume can be obtained experimentally. Then, the

values of « and R, can be determined from K_ and B can be obtained from equation (4).

Also the values of cake compressibility coefficient, s, and empirical constant for cake

resistance; «,, can be determined from data at various pressure drops by using equation (5).

In addition, equation (6) is used to determine a moisture content of the cake.

Materials

An approximately 20 % wt slurry of gypsum in water.

Equipment

1. Polypropylene plate and frame filter press with cotton filter cloth.

Number of plates 6
Number of frames 5
Dimensions: plate 15 mm x 300 mm x 300 mm
frame 20 mm x 300 mm x 300 mm
filter area 0.875 m* (0.175 m? /frame of two sides)
max. cake hold up 0.0046 m®
maximum allowable pressure 6 ke/cm” (5.884X10°N/m")
2. Slurry feed tank with agitator.
3. Slurry pump with variable speed gear motor.
4. Filtrate drain line and 30 liter graduated bucket.
5. Drying oven
6. Balance
7. Stop watch.
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Procedure

Prepare 0.15 m® (150 liters) of approximately 20%wt feed slurry of gypsum in water. Take
three samples of feed slurry to measure the solid concentration.

Assemble the filter press using two frames and three pieces of filter cloth.

Operate the filter press at a constant pressure drop.

Record the time required to obtain every 5 liters of filtrate until 30 liters of filtrate are
accumulated. Then, stop the slurry feed pump.

Blow the cake with air for one minute to drive off the liquid retained in the cake.

Bring the filter cloth with cake out from the filter plate.

Repeat operation of filter press for another 2 more constant pressure drops.

Weigh the aluminum weighing dishes. Take samples of wet gypsum cake from every piece
of filter cloth. Get the weight of each sample in the aluminum weighing dish and dry them
in an oven at 110°C for 4-6 hours or until it is dry. Then, obtain the weight of dry cake.

Clean the equipment and area for later use.

pressure guage

=t

compressed air  slurry pump

filtrate plate and frame filter

Figure 1 Schematic Diagram of Equipment
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Results and Discussion

Find the values of R_ and « and show how they change with pressure drop.

Find the cake compressibility coefficient and the cake resistance empirical constant.

Find the percent moisture of wet cakes and show how they change with pressure drop.

P o o

Answer the following questions:

4.1  Could the obtained result of « and R, be used in a continuous filtration?

Discuss.

4.2  Could the obtained value of « and R be extrapolated to other pressure drop

outside the experimental range? Discuss.

4.3 Is the gypsum cake a compressible or incompressible cake? Discuss.

4.4  Approximate the amount of heat needed to obtain 100 kg of dry cake with 8%wt
moisture content from wet cake with the same moisture content as in this

experiment if the dryer has an energy efficiency of 70%.

References

1. Perry, R.H., and D.W. Green; “Perry’s Chemical Engineers’ Handbook”, 6™ ed., McGraw-
Hill Book Company, New York, USA, (1984).

2. McCabe, W.L., J.C. Smith, and P. Harriot; “Unit Operations of Chemical Engineering” 7th
ed., McGraw-Hill Book Company, New York, USA, (2005).

3. Operating Manual of Plate and Frame Filter Press. Dynatech (Thailand) Co., Ltd.,
Bangkok, Thailand, (1990).
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FILTRATION: FILTER PRESS

DATA SHEET
Experiment Date : ............................ Student: ...
By:Supervisor : ... Student : .......ooiiiiiiii
Student : ..., Student : .......oooiiiiiiii
Student : ..., Student : .......ooiiiiiiiii
Student : ..., Student @ ...

Weight data for calculation of solid concentration in feed slurry

Sample number S-1 S-1l

S-111

Empty dish, g

Dish & slurry, g

Dish & dry solid, g

Data for calculations of cake and filter medium resistances

Run number | 1

Pressure drop, kg/cm?

Filtrate volume, liter Time (s)

5

10

15

20

25

30

Data of weight in grams for % moisture calculation

Run no. | 1

Sample No. I I I I I I Il
A B C A B C A

Empty dish, g

Dish & wet cake, g

Dish & dry cake, g
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4
SEDIMENTATION

Anusith Thanapimmetha

1. Introduction : .

Sedimentation js the partial separation or. concentratidn of suspended solid
particles from a liquid by gravity sztiling . It is a strong function of liquid viscosity and
density, particle size, and the concentration of the sclution. With that in mind,
experiments can be performed that will allow the engineer to determine settling times and
velocities for liquic-solid suspensions and slturries. This would enable thickeners to be
designed for specific industrial tanks. The sedimentation process is particularly important
in the preparation of industrial or domestic water and the purification of wastewater. An
example of this may be seen in the boiler feed water treatment section on a thermal
station. Many process applications are also found in the metallurgical industry. The beer
brewing industry also has many applications déaling with batch settling and the use of
~ flocculants. Certain clarifiers are added to the beer in order flocculate sediment particles

so they may be later filtered out.
2. Objectives:

- To study the mechanism and process of sedimentation.

- To study different settling regimes and determine the relationship between
concentration and scttling velocity.

- To be able to size thickeners based on particle sizes, fluid viscosities, and desired

consistencies

3. Theory

3.1 Mechanisms of sedimentation.

When a dilute slurry is settlcdby gravity into a clear fluid and a slurry of higher
solids concentration, the process is valled sedimentation or sometimes thickening. To
Hlustrate the mecthod of determining s&ttling velocities and the mechanisms of seitling, a
batch settling test is carried out by plaging a uniform concentration of the slurry in a
gtaduated cyl inder. At the stari, as shown in Fig.1 a, all the particles settle by free settling
in suspension zone B. The particles in zone B settle at a uniform rate at the start and a
clear liquid zone A appears in Fig.1 b. The height z drops at a constant rate. Also, zone D
begins to appear, which contains the settled particles at the bottom . Zone C is a transition
layer whose solids content varies from that in zone B to zone D After further settling,
zones B and C disappear, as shown in Fig. 1 ¢. Then comprassio: first appears, and this
moment is called the critical point. During compression liquid is expelled upward from
zone D and the thickness of zone D decreases.
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Fig 1. Batch sedimentation results: (a)original urniform suspension,(b)Zones of settling
after a give time,{c)compression of zone D after zones B and C disappear,(d)clear
liquid interface height z versus time of setiling. ' :

Determination of settling velocity. In Fig.l d the height z of the clear liquid
interface height is plotted versus time. As shown, the velocity of settling, which is the
slope of the line, is constant at first. The critical point is shown at point C. Since sludges
vary greatly in their rates, experimental settling rates of each sludge is necessary.

. The settling velocity v is determined by drawing a tangent to the curve in Fig 1 d
at a give time t; and the slope (-dz/dt) = v, . At this point the height is Z; and Z; is the
intercept of the tangent to the curve. Tken

v, = M

The concentration C, is, therefore, the average concentration of the suspension if
Zi 15 the keight of this slurry. This is calculated by

C12i = CZo or Cy = (ZJZ)C,s | 2)

Where Co is the original slurry conceniration in kg/m® at Zo height and t = 0. This is
repeated for other times and plot of settling velocity versus concentration is made.

3.2Theory of Particle Movement Through a Fluid

Derivation of tasic equations for rigid spheres. Whenever a particle is moving
through a fluid, 2 number of forces will be acting on the particle. First, a density
difference is needed t :tween the particle and the fluid. An external force of gravity is
needed to impart motic o to the particle. If the densities of the fluid and particle are equal,
the buoyant force on t ie particle will counter balance the external force and the particle
wil" not move relative -o the fluid.
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For a rigid particle moving in a fluid, there are three force actinng on the body:
gravity acting downward, buoyant force acting upward, and resistance or drag force

acting in opposite direction to the particle motion.
We will consider a particle of mass m kg/m falling at a velocity v m/s relative to

the fluid. The density of the solid particle is p, kg/m’ solid and that of the liquid is p
kg/m’ liquid. The buoyant force F, in N on,the particle is

LY P

m,
Fo="L=V,pg 3)

Pp

where m/p,, is the volume V, in m® of the particle and g is the gravitational acceleration
in m/s”. - |
The gravitation or external force Fg in N on the particle is

Fg=mg _ _ @

The drag force Fp on a body in N may be derived from the fact that, like in flow of fluids,
the drag force or frictional resistance is proportional to the velocity head v?/2 of the fluid
displaced by the moving body. This must be multiplied by the density of the fluid and by
a significant area A, such as the projected area of the particle.

Vl
Fo=Cp 5 PA ' (%)
where the drag coefficient Cp is the:proportionality constant and is dimensionless.

The resultant force on the body is then Fg — F, — Fp. This resultant force must equal the.
force due to acceleration.

dv. : '
ma?=;rrzvg=!'-'§,—Fr,—Fﬂ (6)

Substituting Egs. (3)-(5) into (6) ~

2
mﬂ:mg_mpghcov PA %)
at Py 2

If we start from the moment the body is released from its position of rest, the falling of
the body consists of two periods: the period of accelerated fall and the period of constant
velocity fall. The initial acceleration period is usually very short, of the order of a tenth of
a second or so. Hence, the period of constant velocity fall is the important one. The
velocity is called the free settling velocity or terminal velocity vy.

5]
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To solve for the terminal velocity in Eq. (7), dv/dt = 0 and equation becomes

r _ 2g(p, — p)m 8
v, J Appcpp. ( )

.

For spherical particles m = nD’ and A = nD” . Substituting these into Eq. (8),
we obtain, for sphencal particles. - :

_ [4p, - P) 9D, | _
Ve J 3C,p ®)

Drag coefficient for rigid spheres. The drag coefficient for rigid spheres has been
shown to be a function of the Reynolds number D, vp/p of the sphere JIn the laminar
flow region, called the Stokes’ law region for Nre < 1

24 24.
C, = = 10
> Dvplu N (10)

Where p is the viscosity of the liquid in Pa s or kg/m" (Ib/ft " s). Substituting this into
Eq. (9) for laminar flow, _

D, p, ~
v, _90, (pp-pP) | _ an
18u :
4. Reagent and Equipment:
1. Limestone 4. Lab scale sedimentation
2. Potassium 5. timer

3. Water and saline solution

5. Procedure:

1. Prepare lecstone at the‘ concentrations of 3. 5, 5.0, and 7 0% by weight in
water about 800 cm’. Fill in the tubes. - —

2. Add2cm® Potassium permanganate solution into the slurry

3. Place the stoppers, mix slurry well by shaking.

4. Stand the tubes at the sedimentation set, start tf. > timer and observe the height of
slurry and the interface between clear liquid and suspended solids as a function
of time until the height of interface is constant.
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5. Shake the slurry and repeat step 3 and 4 again.

6. Prepare leestone at the concentrations of 5.0 % by weight in saline SO]llllOﬂ
about 800 cm’ . Fill in the tube.

s

7. Repeat step 2 and 4 again.
6.Result&Discussion

1. Plot the height of interface as a function of time and compare with the other

experiments.
2. Discuss the effect of water and saline solunon on sedimentation.
3. Can we use the Stoke’s law for explaining rate of sedimentation of Limestone ?

Why ?
5. References:

[1] Perry, Robert H. Perry’s Chemical Engineer’s Handbook McGraw Hill, Toronto.
1984
(2] Foust, A.L. et al., Principles of Umt Operations, 2ad Edition. J Wiley,

New York, NY. 1980
{3] Christi j. Geankoplis . Transport Processes and Unit Operatlons Prentice-Hali, Inc.

1993
[4] McCabe W.L., Smith J.C, and Hariott P., “Unit Opemtlons of Chemlcal

Engmeenng” 4 ed McGraw—H:II Book Company, 1985.
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5
FRICTION LOSS IN PIPE

1.

Objectives

Section A: To study the effects of type of fitting and type of pipe on friction loss using
different flow rates.

Section B: To study the effects of type of valve and %valve opening on friction loss
using different flow rates.

Section C: To study the effect of type of flow meter on friction loss using different flow
rates.

Scope

Section A :

Type of fitting: 90° bend, 90° elbow, 180° bend

Material of construction of pipe: plastic, glass

Length of pipe: short, long

Change in diameter: gradual expansion, sudden contraction
Flow rate: 12, 20, and 30 L/min.

Section B :
Type of valve: diaphragm valve, ball valve, plug valve, hand control valve
Flow rate: 12, 20, and 30 L/min

Section C :

Type of flow meter: orifice meter, Venturi meter, rotameter
Flow rate: 12, 20, 30 and 44 L/min

Theory

Mechanical Energy Balances are useful for open systems in which heat flows and internal

AP

0

energy (and enthalpy) changes are secondary in importance to kinetic and potential energy
changes and shaft work.

Most of these operations involve the flow of fluids to, from, and between thanks, reservoirs,
wells, and process units.

For a liquid of constant density, p (incompressible fluid) flowing through such a system, the
steady state mechanical energy balance is

2
—+A—u+gAz+ AUA—@ W
2 i i
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2
A—P+AL+gAz+If ==
2 &

o,

where

F (N.m/Kkg) is the friction loss—thermal energy generated by friction between

adjacent liquid elements moving at different velocities and between liquid elements and the

system walls.

The shaft work V\{,L is the work done by the fluid on moving elements in the process line.
(The above equation is valid for steady-state flow of an incompressible fluid)

For frictionless processes, and no shaft work, the above mechanical energy balance becomes

the Bernoulli equation.

AP AU
7 + T +QAZ = 0 Bernoulli equation

Mechanical Energy balance

PE1 + KE1 + P1- Ws = PE2 + KE2 + P2 +friction loss

-Ws = APE + AKE + AP + friction loss
AP N\AV? gAz
= +\Q N2 > F

p2%b\

. AP 2fViL
Friction = — =
p 9D

S

Total mechanical-energy balance:

2 2
Zli—_[vder Vi +W0=Zzi+ v +>'F

c 1 c gC
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Where V is the average linear velocity, ft/s, and « is the correction coefficient to account for
use of average velocity, usually taken as 1.0 if flow is turbulent and 0.5 if flow is viscous.

INTERGRATED FORM OF THE FANNING EQUATION. If the linear velocity, density, and
viscosity of the flowing fluid remain constant and the pipe diameter is uniform over a total pipe
length L, Eq. (1) can be integrated to give the following result.

_—Apy 2fVEL
p 9.D
In a strict sense, Eq. (2) is limited to conditions in which the flowing fluid is non-
compressible and the temperature of the fluid is constant. When dealing with compressible
fluids, such as air, steam, or any gas, it is good engineering practice to use Eq. (2) only if the
pressure drop over the system is less than 10 percent of the initial pressure.
- If a change in the fluid temperature occurs, Eq.(2) should not be used in the form indicated
unless the total change in the fluid viscosity, is less than approximately 50 percent based on
the maximum viscosity.
- If Eq (2) is used when pressure changes or temperature changes are involved, the best
accuracy is obtained by using the linear velocity, density, and viscosity of the fluid as
determined at the average temperature and pressure.

F

Exact results for compressible fluids or nonisothermal flow can be obtained from the Fanning
equation by integrating the differential expression, taking all changes into consideration.
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Question and Task 1 (Section A)

1.
2.

Plot on the same graph the pressure at each point for the different flow rates.

Describe any trends observed in the lines drawn by comparing pressure for the same
tapping point at different flow rates.

Calculate the pressure drop per meter across the straight glass pipe at each of the flow rates.
Calculate the pressure drop per meter across the straight plastic pipe at each of the flow
rates.

Calculate the pressure drop for changes in pipe diameter (gradual expansion, sudden
contraction) at each of the flow rates.

Question and Task 2 (Section C)

1.
2.
3.

Plot graphs of pressure drop against flow rate for each flow meter.

Comment on the graphs.

Find information on the flow meters used in the study (orifice meter, Venturi meter,
rotameter) eg. How does it work, a related equation for calculating flow rate.

What is a Fanning friction factor?

What is a pressure transducer? How does it work?
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CTC 10 Fluid Flow
Multi-purpose Fluid
Friction Apparatus

EXPERIMENT 1

Objective
Measurement of the pressure drops in the pipe fittings in Section A.

Method

READ ALL OPERATING AND SAFETY INSTRUCTIONS IN CTC 10 STUDENT
MANUAL FIRST. DO NOT START-UP OR OPERATE EQUIPMENT WITHOUT
PRERMISSION FROM YOUR SUPERVISOR

1.

w

10.

11.

Check water level in pump feed vessel is at least 25mm above the lower end of the central
dip pipe. If not add water via the venting neck as described in the filling and start-up
instruction.

Ensure all air is removed from pipes.

Bleed tapping pipes as described in Student Manual.

With the pump operating, close Section A and Section C control value and ball valve in
Section B

Open the flow regulating ball value fully, then gradually open the Section A flow control
valve until the flow rate of 12 litres per minute is shown.

Turn master selector switch to ‘A’

Turn selector switch ‘A’ to position 1 and note pressure reading (millibars).

Next select position ‘2° and note reading. Repeat for position 3-6 inclusive using selector
‘A’, allowing 2-3 minutes to elapse after changing selector position to allow reading to
become steady.

Turn selector ‘A’ to 1. Turn master selector switch to ‘B’ and record pressure reading for
position 7-11. Finally return selector to 7 and master switch to ‘A’

Increase the flow rate to a new value such as 20 litres per minute record pressure readings
for 1 to 11 as described above.

Repeat procedure at higher flow rates, such as 30 litres per minute. Note pressure reading
for 1 to 11 at each flow rate.
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CTS 10 Fluid Flow
Multi-purpose Fluid
Friction Apparatus

EXPERIMENT 2

Objective
Determination of the pressure drop characteristics of an orifice plate, a Venturi section and a
rotameter.

Method

READ ALL OPERATING AND SAFETY INSTRUCTIONS IN CTS 10 STUDENT
MANUAL FIRST. DO NOT START-UP OR OPERATE EQUIPMENT WITHOUT
PRERMISSION FROM YOUR SUPERVISOR

1.

w

Check water level in pump feed vessel is at least 25mm above the lower end of the central
dip pipe. If not add Water via the venting neck as described in the filling and start-up
instructions.

Ensure all air is removed from pipes.

Bleed tapping pipes as described in Student Manual.

With the pump operating, close Section A and Section C control valve and ball valve in
Section B.

Fully open the flow regulating valve, then gradually open the Section C control valve until
the flow rate is 12 litres per minute.

Turn the master selector switch to ‘D’.

Turn the selector switch ‘D’ to position ‘17’ and note the pressure reading (millibars).
Repeat for positions ‘18’ to ‘21’ using selector ‘D’ allowing 2-3 minutes to elapse after
changing selector position to allow reading to become steady.

Turn master selector switch to ‘22’ and ‘23’ and note pressure readings across the
rotameter.

10. Repeat procedure at higher flow rates such as 20, 30 and 44 litres per minute
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Figure 1 Fluid Flow Rig
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6

HEAT EXCHANGER UNIT

General Description

The heat exchange rig consists of three different types of heat exchanger viz (i) shell and tube, (ii) coil
in shell and (iii) plate, all possessing a heat transfer area of 0.5 m’. Even though each of the heat exchangers
have the same internal heat transfer area, they are however, essentially different in construction and utilizes
different materials i.e. glass, alloy 316 and stainless steel and will therefore perform differently.

All the exchangers are arranged for independent operation and evaluation using hot water on one side
of the heat exchanger and cold water on the other side. Additionally, when operating with hot water and cold
water, the direction of flow of the cold water can be reversed to permit study of both co-current and

countercurrent operation in any of the heat exchangers.

The Plant in Detail

Reference Figure 1
1. Principles of Operation

Each of the heat exchangers is operated in turn and studied separately. When one of the exchangers is
in use the others are isolated using valves V6,V7,V8,V14,V15,V16,V17,V18,V19 a necessary. Each of the heat
exchangers can be operated in 4 ways.

(i) Cold water — hot water — co-current flow.

(i1) Cold water — hot water — countercurrent flow.

(iii) Cold water — steam — co-current flow.

(iv) Cold water — steam — countercurrent flow.
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a. Cold water flow.

Water from an external supply is fed to the unit through the flowmeter FI.1 and its flow rate measured.
The direction of flow through each of the heat exchangers can be reversed using valves V1,V2,V3,V4 and the
flow of cold water can be directed to the heat exchanger under study by adjusting valves V6,V7,V8 as necessary.
When the coil and shell type heat exchanger (HE1) is used the cold water is passed through the coils.

When the alloy heat exchanger (HE2) is used the cold water is passed through a series of parallel

chambers. When the shell and tube type heat exchanger (HE3) is used the cold water is passed through the tubes.

b. Hot Water Flow

Hot water is produced by a boiler containing 3 sets of a 3,000 W electrical heater. Water enters the heater
tank through the filling hose by opening water inlet valve and then passed to the heat exchanger under study
through flowmeter F1.2. Within the heat exchanger, the hot water passes vertically upward to exit at the top and
be recycled back to the heater tank through valve V13. Hot water passes through the shell side of both the coil in
shell exchanger HE1 and shell and tube exchanger HE3 and through a series of parallel channels in the alloy heat

exchanger HEZ.

c. Steam Flow.

Steam from the mains supply is fed to the unit via a pressure reducing valve PRV1 to reduce its
pressure to approx 1.7 bar g (25 psig) and introduced into the top of the heat exchanger under study. Steam is
then condensed in the shell side of the respective heat exchanger and condensate emerges from its base to be

discharged or collected from the steam trap ST1.
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The plant specification

1. Process Equipment

- Coil in Shell Heat Exchanger HE1

Diameter, nominal bore 100 mm
Length, overall 610 mm
Heat transfer area (A,) 0.5m’
Heat transfer area (A_,) 0217 m’

- Alloy 316 Heat Exchanger HE2

Overall dimensions (L x B x H) 185 x 90 x 550 mm
Heat transfer area (A,) 0.5m’

Heat transfer area (A,,) 0.466 m’

Distance between plates 3.0 mm

Flow cross section area/plate 0.032 m’

- Shell and Tube Heat Exchanger HE3

Diameter, nominal bore 80 mm
Tube length 1000 mm
Tube diameter, internal 12 mm
Tube wall thickness 1.0 mm
Number of tubes 7
Number of baftles 3

Baffle spacing 236 mm
Heat transfer area (A,) 0.5m’
Heat transfer area (A.,) 0254 m’

2. Process Instrumentation
FI.1 Cold water flowmeter
Variable area type, range 0-10 liters/min
F1.2 Hot water flowmeter
Variable area type, range 0-10 liters/min
TI.1 Cold water inlet/outlet temperature gauge

Remote reading filled system, dial thermometer, range 0-120 ° ¢
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TI.2 Cold water inlet/outlet temperature gauge

Remote reading filled system, dial thermometer, range 0-120 ° ¢
TI.3 Hot water outlet / steam inlet temperature gauge

Remote reading filled system, dial thermometer, range 0-200° ¢
TIL.4 Hot water inlet / condensate temperature gauge

Remote reading filled system, dial thermometer, range 0-200° ¢
PI.1 Cold water inlet/outlet pressure gauge

Bourdon type, range 0-2.5 bar gauge
P1.2 Cold water inlet/outlet pressure gauge

Bourdon type, range 0-2.5 bar gauge
PI.3 Steam inlet/hot water outlet , pressure gauge

Bourdon type, range 0-2.5 bar gauge
PI.4 Steam supply pressure gauge

Bourdon type, range 0-4.0 bar gauge

3. Materials of Construction

A variety of materials have been used in the construction of this heat exchanger unit the major ones of

which are
QVF Borosilicate glass - HE1, HE3 and associated equipment
Alloy 316 - HE2
Copper - Steam and water pipe lines
Brass - Valves
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Safety and Operating Procedures

Safety Instructions for Students

1.

ii.

iii.

1v.

Vi.

Vil.

Viii.

iX.

X1.

Xii.

1.1

Students must not carry out laboratory work without the supervision of a lecturer.

Plastic gloves and eye shields must be worn when handling corrosive liquids, and heat resistant gloves
when adjusting steam valves.

All experiments involving a potential explosive hazard must be conducted behind special shields.
When working with solvents etc., ensure that the apparatus is adequately vented.

All used solvents should be handed to the technician and not disposed of into drains or laboratory
sinks.

Smoking is forbidden in all laboratories.

Safety helmets must be worn.

Services equipment (vacuum generators) must in no circumstances be started up by students.

Gas cylinders, when in use, should be adequately strapped bench and supported in the upright position,
away from sunlight or flames. Ensure that cylinders are shut-off after use.

Before using any chemical, ensure that you are familiar with its hazards and with emergency
procedures.

If in doubt, ask the lecturer in charge.

If chemical spillage occurs, evacuate the laboratory in an orderly fashion.

Departmental Safety Schedule

FIRE
(1)  Inthe event of a serious outbreak of fire, it is the responsibility of All staff on the promises to
ensure the safety of the students.

(ii)  Lecturers in charge of classes should, when the alarm sounds, accompany their student to a safe

place outside the building taking class register to check that all students are safely out of the
building.

(iii) Technicians should take emergency safety precautions as necessary with operating equipment,
e.g. switch off all nearest exit away from the fire.

(iv) When building has been evacuated, lecturer on departmental duty should report to the Head of

department that the building is clear.
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GENERAL SAFETY

(i)
(i)

All hazardous chemicals must be kept (when not in use) in the chemical stores.

No laboratory work can be conducted by students without the supervision of a lecture. It is the
duty of the lecturer conducting a practical class to ensure that all reasonable safety precautions
are taken (in relation to the specific experiment carried out either by incorporation of safety
instructions in the laboratory sheet, or by oral instruction if no formal laboratory sheet exists, e.g.
use of plastic gloves and eye shields when handling corrosive liquids; shields in front of

equipment where potential explosive hazards exist, etc.

In view of potential toxicity of solvent vapors etc., all laboratories should be adequately

ventilated during experimental work. Check that vents to atmosphere are not blocked.

All used solvents must not be disposed of into drains or laboratory sinks.
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2. General Start-up Procedure



2.1 Pre Start-up Checks
(1)  Inspect the equipment visually for glass breakage and/or Leakage. Replace or repair any
defective items in accordance with the CTS 8 Installation and Maintenance Manual.
(ii)  Ensure cold water discharge lines, hot water discharge lines and condensate removal points are
free of obstructions and correctly arranged.

(iii) Complete the valve check list

Cold Water Circuit Open Closed
FCV.1 X
V.1 X
V.2 X

V3 X
V4 X

V.5 X
V.6 X
V.7 X
V.8 X

Steam/ Hot Water Circuits

FCV.2 X
V.11 X
V.12 X
V.13 X

V.14 X
V.15 X
V.16 X
V.17 X
V.18 X
V.19 X
V.20 X
V.21 X

V.22 X

V.23 X
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Steam Lines
V.9 X
V.10 X

2.2 Start-up Cold Water Circuit

V.1
V.2
V.3
V.4

V.6
V.7
V.8

Action :- Set cold water valves for countercurrent or co-current operation.

Co-current Countercurrent
Open Closed Open Closed
X X
X X
X X
X X

Action :- Choose the heat exchanger to be operated and adjust the following valves.

HE1 HE2 HE3
Open Closed Open Closed Open Closed
X X X
X X X
X X X

Turn on cold water flow.

Safety Precautions

1. Do not open FCV.1 abruptly, open slowly to prevent a pressure surge occurring in the heat

exchangers.
i.  Check either V.2 or V.4 is open.

ii. Slowly open FCV.1 to allow cold water to flow through the heat exchanger.

Note : Any air seen to be trapped in the heat exchanger should be removed by slowly opening FCV.1 to its

maximum for a few minutes, flush out this residual air and then throttled to provide the desired flow rate.
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2.3 Start up Hot Circuit.

Start up Steam

Safety Precautions

1.

Do not open V.9 abruptly, open slowly to prevent a sudden surge of steam condensate to any of
the heat exchangers.

Do not close V.22 until a steady flow of steam issues from the condensate drain.

Ensure that the steam drain is free from obstructions and that condensate can be removed
safely.

Ensure that the steam trap operates effectively after steam has been applied to a heat exchanger
and that there is no build up of condensate in the heat exchanger. If in doubt over the
effectiveness of the steam trap, close the steam pressure control valve V.9 and follow the
general shut down procedure before investigating the problem.

Do not allow the steam pressure to exceed 2.0 bar gauge.

Do not allow the cold water outlet temperature to exceed 90°C .When steam is applied to a heat
exchanger, continually monitor TI.1/TI.2 and either increase cold water flowrate or reduce

steam pressure to reduce the cold water outlet temperature if necessary.

Action : - Set Steam on to Heat Exchanger

1.

ii.

Ensure valves V.21, V.22 are open and that there is no water in the steam side of the heat
exchanger to be operated. Should there be any water present ensure this is drained out by
opening valves V.17, V.18, V.19

Choose the heat exchanger to be operated and check the position of the following valves

and adjust if necessary.
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10
11
14
15
16
17
18
19
20
21
22
23
iii.

1v.

Vi.

Reboiler H.E. Alloy 316 H.E. Shell and Tube H.E.
HE1 HE2 HE3

Open Closed Open Closed Open Closed

X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X

Partially open the steam pressure control valve V.9

Following the initial surge of condensate, and when a steady flow of steam issue from the
condensate drain, close V.22

Monitor the steam pressure gauge PI.5 and adjust the steam control valve V.9 to provide

the desired steam pressure (do not exceed 2 bar gauge)

Allow the system to operate for 5-10 mins to establish equilibrium conditions and then

take the necessary readings.

Start up hot water circuit

Safety Precautions

1.

Do not attempt to start up the hot water flow while steam is being supplied to any heat

exchangers. This is most important. Always ensure that the steam supply to the heat

exchangers is fully isolated before starting hot water.

Do not open PCV.2 abruptly, open slowly to prevent a pressure surge on the heat
exchangers.

Do not allow the water pressure to exceed 1.4 bar g maximum as indicated on PL.4.

Do not allow the hot water temperature as shown on TI. 4 to exceed 85°C. To reduce the
hot water temperature turn the temperature control dial on CV.l anti — clockwise.
Adjustments should only be made in small increments to this dial.

Ensure the hot water discharge drain is free from obstructions.
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PCV.2
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Action : -  Start up Hot Water Circuit.

1.

ii.

iii.

10
12
13
14
15
16
17
18
19
20
21
22
23

1v.

V1.

Close valve V.10  This is the most important.

Turn the temperature control dial on CV.1 completely anti — clockwise until it will go no
further.
Choose the particular heat exchanger to be operated and adjust the following valves as

necessary.

Reboiler H.E. Alloy 316 H.E. Shell and Tube H.E.
HE1 HE2 HE3
Open Closed Open Closed Open Closed

X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X

Slowly open PCV.2 to establish the flow of water through the desired heat exchanger.
Open PCV.2 fully and then leave for 1-2 minutes in order to remove as much entrapped
air as possible from the heat exchanger under test. Close PCV.2 to give the desired
flowrate on PT2.

Slowly open valves V.9 and V.11 to allow steam into the mixing valve CV.1

Slowly turn the temperature dial on CV.1 clockwise until the temperature reading on TIL.4

is 70-80°C.
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General Shut-down Procedure

1. Shut down Hot Side of Heat Exchangers.

1.1 Shut down Hot Water Circuit.

i. Close PCV.2, V.12, V.11, V.9

Shut down steam circuit.

Safety precautions

(a) Do not open the steam trap by — pass valve V.22 before closing the steam pressure control

valve V.9
(b) Ensure that the steam trap condensate drain hose is safely positioned before opening V.22.

Action : - Isolate steam supply.

i.  Close the steam pressure control valve V.9
ii. Allow the heat exchanger a few minutes to cool down and then carefully open the steam

trap by — pass valve V.22.

1.2 Shut down Cold Water Side of Heat Exchangers.

Safety Precautions

(a) Only shut off the cold water supply to the unit after the steam supply to the unit has been
isolated.

Action : - Isolate cold water supply.

i.  Ensure steam supply is isolated to unit ; if not, do it now see 9.4.3.1.2
ii. Close FCV.1
The shut down procedure is now complete with the equipment in a conditions which may

be left safely.
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General Operation Instructions

1. Water Flowrate Control
Flowrate of cold and hot water can be adjusted using the flow control valves PCV.1 and PCV.2
respectively. Adjustments should be slowly and smoothly, and the system allowed 5-10 mins to equilibrium

conditions before taking readings.

2. Reversing the Flow Direction of Cold Water
This can be done quite simply while the unit is operational.

- Safety Precautions

a) To avoid excessive pressure occurring in the heat exchangers leading to possible damage
ensure that valves are opened and closed strictly in the order given.
b) The valve changing sequence outlined below, once started, should be completed with the

minimum of delay between each successive step.

2.1 Changing from Co-current (+) to Counter-current (+) Flow
i. Close V.1, Open V.2.
ii. Close V.4, Open V.3.

2.2 Changing from Counter-current (+) to Co-current (+) Flow
i. Close V.3, Open V.4.

ii. Close V.2, Open V.1.

2.3 Changing between Steam and Hot Water Operations

- Safety Precautions

(a) When steam and water mix, violent water hammer can result. If this happens within any
of the heat exchangers, damage will almost certainly occur. Because of this potential
hazard it is not recommended that the steam and hot water be interchanged while the unit
is in operation. In order to affect a change it is recommended that the unit first be shut

down before the change from steam to hot water or hot water to steam is made.
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4. Draining the equipment

It is recommended that the equipment be completely drained at the end of each experimental

session.

4.1 Drain the Hot Side
a. Steam Operation.
i.  After completing the general shut down procedure 9.4.3.2 and after the unit cooled
down, open valve V.13. Drain all heat exchangers by opening valves V.17. V.18 and V.19.

b. Hot Water Operation.

i.  After completing the general shut down procedure 9.4.3.1 open valves V.21 and V.22 and
drain all heat Exchangers by opening valves V.17, V.18 and V.19.
ii. When all the heat exchangers have drained, open valves V.11, V.23.
4.2 Drain the Cold Side
i. open valves V.2, V.4 and V.5 and ensure V.6, V.7 and V.8 are all open in order to drain all the

heat exchangers.
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6

HEAT EXCHANGER UNIT

EXPERIMENT 1

Objectives

i) The determination of heat losses from external heat exchanger surfaces.
ii) The evaluation of the Overall Heat Transfer Coefficient for heat losses to atmosphere for various types

of heat exchanger and materials of construction.

Background

Heat loses to atmosphere from any item bf process plant equipment in a chemical plant represent an
irrecoverable loss of energy, and provides a direct indication of the energy efficiency .f the process.
Additional energy input, in the form of heat e.g. extra steam, is necessary to overcome the effect of these
losses and obviously this incurs additional cost. In the past, when energy costs could virtually be ignored,
no particular emphasis is attached to these heat losses, but now, in today’s energy intensive world with its

high cost of energy, the situation is very different.

Heat losses to atmosphere are reduced through the extensive use of lagging, but even here an economic
comparison must be made between the cost of lagging and the resultant savings in heat loses, in order to

determine the optimum lagging thickness.

Consequently, the modern engineer must be able to predict and assess the effects of heat losses on a process,
preferably at the design stage, in order to specify the optimum amount of lagging. Heat losses to atmosphere
from plant items normally occur natural convection and can be characterized by the value of the overall heat
transfer coefficient through the external wall to atmosphere. In this experiment, the actual rate of heat loss
and overall heat transfer coefficient from the exchanger to atmosphere and determined for several different

types of unlagged heat exchanger.
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Ql
Q2
Q3
Q4

Q5

Q6

Method

READ ALL OPERATING INSTRUCTIONS FIRST AND RE-READ SECTION 9.4 IN YOUR STUDENT
MANUAL TO ENSURE THAT YOU FULLY UNDERSTAND ALL SAFETY PRECAUTIONS AND

OPERATING INSTRUCTIONS.

Do not start up without permission from your supervisor.

Choose the heat exchanger to be operated and complete pre-start-up checks.

Set steam on to heat exchanger at a pressure of approx 0.35 bar gauge (5 psig) on PI.3

Allow 5-10 minutes for the system to reach equilibrium and then record values of temperatures, pressure and
condensate flow rate.

Increase the steam pressure P1.3 in increments of approx 0.35 bar gauge (5 psig); allow the system sufficient
time to reach equilibrium and take readings as in ii. Repeat until 5 or 6 sets or reading have been taken.

Shut down the heat exchanger

Repeat the experiment for the other two heat exchangers by following the steps (i)-(v) above for each of the

heat exchangers.

Questions and Tasks

Draw a diagram of the apparatus.

Describe the experiment in your own words.

Calculate the heat input to each heat exchanger (Q,) for each steam pressure.

Show by means of a simple heat balance why Q, — Q, where Q, is the heat loss from the external

surface area of the heat exchanger.

Draw a graph of steam pressure against steam condensate rate, and for each heat exchanger comment

upon :-

i.  the relationship between steam pressure and steam condensate rate

ii. the relationship between steam condensate rate from each heat exchanger when operated at a
constant steam pressure.

For a typical heat exchanger draw the expected temperature profiles

i.  through the external heat exchanger wall

ii. along the length of the heat exchanger
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For each steam pressure, determine the steam temperature Tq and calculate the temperature

driving forces for heat loss (T4-T,;,), where T, is the ambient air temperature.

Q7

Q8

Q9

Qr=UA,_, (T-T,,), where U is the overall heat transfer coefficient, and A__ is the external heat
transfer area of

Explain why a graph of Q, vs (T-T,,) is a straight line, has a positive slope and passes through the
origin.

Draw a graph of Qg vs (T,-T,;) and, hence, calculate the overall heat transfer coefficient for each heat

exchanger given the following :

A, for the reboiler heat exchanger = 0.217 m’

A_, for the shell and tube exchanger = 0.254 m’

A, for the alloy 316 heat exchanger = 0.15 m’

The equation for the heat flow through a thick walled pipe can be applied to the heat flow, by

conduction, through the external glass walls of the reboiler and shell and tube heat exchanger.

Derive the expression for heat flow through a thick walled pipe.

22rmKkL(T, —T,)

(rz - rl)
where r, = internal pipe radius (m)
r, = external pipe radius (m)
L = length of pipe (m)
T, = inside surface temperature of pipe ("K)
T, = outside surface temperature of pipe ("K)
k = thermal conductivity of pipe wall material (w/m k)

r,, is the log mean radius for heat flow (m2) and is given by

r, = (ry-r) (m)

I
In | -2
]

Q10 (a) Derive the equation for the heat loss from the surface of a heat exchanger, namely :

B (Ts—Tair)
C ST 2=y 1
+ +
hs Ain 27Z.rm kL hair Aex
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where A, = internal surface area of the heat exchanger (mz)

= external surface area of the heat exchanger (mz)

h, = heat transfer coefficient from steam to inside surface of the heat exchanger
(W/mzK)

h,, = heat transfer coefficient from the outside surface of the heat exchanger of air
(W/mzK)

(b) Assuming that A;, = A, = A,, = 2TTr, L then derive the general relationship for heat loss from

an exchanger

1 wallthickness 1
4+ —
k hair

Q11 Using you calculated values for the overall heat transfer coefficients from QS8, and the equation in
Q10 (b) comment on the relative magnitude of h, and h,; and their effect on U.

Q12 The value of Q, as determined in Q3 is not completely accurate since the steam feed to the heat
exchanger may be wet. How will the entrainment of water in the steam feed affect the calculated

values of U?

Q13 (a) Calculate the fraction of Q, actually transferred to the surroundings as a heat loss ,when Q; is
calculated from the measured steam condensate rate, if steam to the heat exchanger contain 0.1 % by
volume of water at a pressure of 0.4 bar g. (At this pressure steam volume is 1.225 m3/kg and assume
that the s.g. of water is 1.0 )

(b)  Using the results from (a) re-determine the overall heat transfer coefficients.
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HEAT EXCHANGER UNIT

EXPERIMENT 1 DATA SHEET

Experiment Date:..................

By: Supervisor:.................... Student :.......ooiiiiiinin
Student ... Student ...
Student ... Student ...
Student ... Student ...

HEAT EXCHANGER UNIT

PI3
Heat Exchanger PI5 (bar g) TI3 (°C) T,,CO
(bar g)

3, .
Steam Condensate (cm /min)
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EXPERIMENT 2

Objectives

To compare the heat transfer capabilities of a coil type heat exchanger, a stainless steel plate heat
exchanger and a shell and tube type heat exchanger by evaluating the overall heat transfer coefficient when

hot water and cooling water are used as heat source and sink, respectively.

Background

The rate of heat transfer in a heat exchanger is given by the familiar equation

q =UAAT,,
where (] = Rate of heat transfer
U = Overall heat transfer coefficient
A = Area over which heat transfer takes place
AT,, = Log mean temperature difference

From this, it is evident that the rate of heat transfer ( is directly proportional to the value of the
overall heat transfer coefficient U . However, U is itself dependent on such things as the flow conditions
of the fluids within the heat exchanger (i.e. laminar or turbulent), the material of construction and thickness
of the heat exchanger wall, the design of the heat exchanger even the number of baffles and baffle spacing
in shell and tube heat exchangers affect the value of the overall heat transfer coefficient. In short, the
performance of any heat exchanger as characterized by the value of the overall heat transfer coefficient can
be seen to be a function of both fluid flow conditions and also the physical design, layout and materials of

construction of the heat exchanger.
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This experiment examines three heat exchangers of differing designs and materials of construction
but all with identical areas for heat transfer — 0.5 m” — thus allowing direct comparison and also determines
the U value for these heat exchangers for the situation whereby heat is transferred from hot water to cold
water. Comparisons of the U values can then be made.

Method

READ ALL OPERATING INSTRUCTIONS FIRST AND READ SECTION 8 IN YOUR STUDENT
MANUAL TO ENSURE THAT YOU FULLY UNDERSTAND ALL SAFFTY PRECAUTIONS AND

OPERATING INSTRUCTIONS.

DO NOT START UP WITHOUT PERMISSION FROM YOUR SUPERVISOR.

i) Choose the heat exchanger to be operated and complete the pre-start up checks.

ii) Start up cold water circuit for counter current operation with a flow rate of 2 liters/min

iii) Turn on the heater and set 3 values of constant temperature between 55-70 C.

iv) Allow the system to reach equilibrium and then take temperature, pressure, flow rate readings and
measure the condensate rate.

v) Repeat the instructions (iii) and (iv) for increased water flow rates up to 10 liters/min. Take 6 or 7 sets
of readings in total.

vi) Shut down the heat exchanger

vii) Repeat the whole experiment for the other two heat exchangers.
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HEAT EXCHANGER UNIT

Student

HEAT EXCHAGER

EXPERIMENT 2

Student
Student

Student

Student

FLOW DIRECTION

TIME
COLD WATER

FI1 1/min

PIl barg

PI2 barg

TI1 °C

TI2 °C

HOT WATER

FI2 /min

PI3 barg

PI4 barg

TI3 °C

TI4 °C

AIR

T. °C

air
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Ql.
Q2.
Q3.
Q4.
Q5.

Q6.

where

Questions and Tasks

Draw a diagram of the apparatus.

Describe the experimental procedure in your own words.

Calculate the heat transferred to the cold water, Q. and the heat input to the heat exchanger, Q,, for
each experimental result.

Show, by means of a simple overall heat balance, why Q; does not equal Q..

Draw a graph of Q. against Q, and explain why this graph is a straight line, does not pass through
the origin, has a positive slope and negative intercept on the Q. axis. What is the value of this intercept
and what does it represent?

(a) Draw the expected temperature profiles :-
i) through the heat exchanger external wall and

ii) along the length of the heat exchanger external wall (plot T, and T, against % distance along

air

heat exchanger)

(b) Derive the relationship

(7. —7.)
OR B OC = Uex Aex ” %
n (Thf B Ta/r)
(Tho - Taf‘r ) _

T,; is the inlet temperature of hot water,
T,, is the outlet temperature of hot water,
T, is the ambient temperature,
U,, is the overall heat transfer coefficient from steam to air and
A, is the external heat transfer surface area of the heat exchanger.
(c) Calculate the overall heat transfer coefficient between steam and air if :-
A_, for the reboiler heat exchanger HE1 = 0.217 m’
A, for the alloy 316 heat exchanger HE2 = 0.466 m’

A, for the shell and tube heat exchanger HE3 = 0.254 m’
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Q7. Draw the expected temperature profiles :-
(a) between hot water and cold water through the heat exchanger internal wall.
(b) for the expected temperature variation of the hot and cold fluids as they pass through
the heat exchanger (plot T, and T, against % distance along heat exchanger)
Q8. For each cold water flow rate, determine
(a) the temperature driving forces for heat transfer at the inlet and outlet of the heat exchanger AT1
and AT2 respectively
(b) show log mean temperature driving forces
(c) determine the log mean temperature driving force AT,
Q9. Draw a graph of Q, (as evaluated in Q3) against the log mean temperature driving forces (as
determined in Q10). Explain why this graph is a straight line, has a positive slope and passes through
the origin. Also, determine U,,.
Q10. How would you expect the efficiency of heat transfer between hot water and cold water to be

affected if the direction of flow of the cold water is reversed?
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7
BOILING AND CONDENSATION HEAT TRANSFER

Objective
1. To demonstrate the tree modes of boiling
2. To determine heat flux and surface heat transfer coefficient at constant pressure
3. Todemonstrate the filmwise condensation and measure the overall heat transfer coefficient
Introduction
Boiling and condensation are vital link in transfer of heat from a hot to a colder region
in countless application, e.g. thermal and nuclear power generation in steam plants,

refrigeration, fining, heat transmission, etc.

Boiling Heat Transfer:

When a liquid at saturation temperature is in contact with the surface of (usually metal)
at a higher temperature, heat is transferred to the liquid and phase change (evaporation) of some
of the liquid occurs.

The nature and rate of this heat transfer changes considerably as the temperature
difference between the metal surface and the liquid is increased.

Although “boiling” is a process familiar to everyone, the production of vapor bubbles
is a very interesting complex process.

Due to surface tension, the vapor is at a higher pressure than the surrounding liquid.
The pressure difference increases as the diameter of the bubble decreases, and is insignificant
when the bubble is large.

However, when the bubble is minute, an appreciable pressure difference exists. (An
analogy may be drawn with the inflation of a child’s balloon that it is difficult to inflate when
the balloon is small, but it becomes much easier as the diameter increases.)

The pressure inside a bubble is the vapor pressure corresponding with the temperature
of the surrounding liquid. Thus, when no bubbles exit (or are very small) it is possible for the

liquid temperature in the region of the heat transfer surface to be well above the temperature of
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the bulk of the liquid. (This will be close to the saturation temperature corresponding with the
pressure at the saturation temperature corresponding with the pressure at the free liquid-vapor
interface.)

The formation of bubbles normally associated with boiling is influenced by the

foregoing.

Convective Boiling:

When the heating surface temperature is slightly hotter than the saturation temperature
of the liquid, the excess vapor pressure is unlikely to produce bubbles. The locally warmed
liquid expands and convection currents carry it to the liquid-vapor interface where
evaporation takes place and thermal equilibrium is restored. Thus, in this mode, evaporation
takes place at the liquid surface with small temperature differences and no bubble formation.
In the case that the temperature is lower than the boiling point, it is only evaporation and not
the boiling yet. When boiling actually occurs by other modes, convective boiling happens in
parallel to but is masked by another mode of boiling. Thus convective boiling cannot be seen

by just looking.

Nucleate Boiling:

As the surface becomes hotter, the excess of vapor pressure over local liquid pressure
increases and eventually bubbles are formed. These occur at nucleating point on the hot surface
where minute gas pockets, existing in surface defects form the nucleus for the formation of a
bubble.

As soon as a bubble is formed, it expands rapidly as the warmed liquid evaporates into
it. The buoyancy detaches the bubble from the surface and another starts to form.

Nucleate boiling is characterized by vigorous bubble formation and turbulence.
Exceptionally high heat transfer rates and heat transfer coefficients with moderate temperature

differences occur in nucleate boiling, is nearly always in this mode.

Film Boiling:

Above a critical surface-liquid temperature difference, it is found that the surface
becomes “vapor locked” and the liquid is unable to wet the surface. When this happens, there
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is a consideration reduction in heat transfer rate an if the heat input to the metal is not
immediately reduced to match the lower ability of the surface to transfer heat, the metal
temperature will rise until radiation from the surface plus the limited film boiling heat transfer,
is equal to the energy input.

If the energy input is in the form of work (including electrical energy) there is no limit
to the temperature which could be reached by the metal and its temperature can until a failure
or a “burn out” occurs. If the source is radiant energy form, for example, a combustion process,
a similar failure can occur, and many tube failures in the radiant section of advanced boilers
are attributed to this cause.

Immersion heaters must obviously be designed with sufficient area so that the heat flux
never exceeds the critical value.

The consequences of a “burn out” in a nuclear power plant will be readily appreciated.

Condensation Heat Transfer:

Condensation of a vapor onto a cold surface may be “filmwise” or dropwise”.

When filmwise condensation occurs, the surface is completely wetted by the
condensate and condensation is into the outer layer of the liquid film, the heat passing through
the film and into the surface largely by conduction.

By treating a surface with a suitable compound it may be possible to promote dropwise
condensation. When this occurs the surface is not wetted by the liquid and the surface become
covered with beads of liquid which coalesce to form drops which then fall away leaving the
surface bare for repetition of the action.

Heat transfer coefficients with dropwise condensation are much higher than with
filmwise owing to absence of the liquid film.

Boiling and condensation heat transfer are indispensable links in the production of

power , all types of refining and chemical processes, refrigeration, heating systems, etc.
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Apparatus

Useful Data:

Dimension of heating surface : Effective length = 29.5 mm.
Diameter = 12.7 mm.
Surface area = 0.0013 m?
(including area of end)

Condenser surface area ; 0.032 m?

Maximum permitted surface temperature 220 °C

Heater cut out temperature : 170°C

Fluid : R 11 Trichloro- fluoromethane
Specific heat capacity of water (Cow) : 4.18 kI kgtk?

The apparatus diagram and picture are shown in Figure 1.

Boiling Heat Transfer Unit H653

Vapour
Temperature

Water Inlet

Digital
Tomporature
Indicator

High Temperature
Cut-Out

Elocticol [ ™
L Mains NI

Figure 1 The apparatus for Boiling and Condensing Heat Transfer experiment.
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Instrumentation:

Voltmeter and Ammeter :  To measure electrical input to the heating element.
Ranges 0 to 250 V and 0 to 3 A respectively.

Temperature Indicator :  Single point digital temperature indicator with 1.0°C
resolution to indicate the temperature of the surface of
the heating element. The measuring element is
thermocouple.

Thermocouples : Measure water inlet and outlet temperature

Glass Thermometers : To measure
(i) R11 liquid temperature

(if) R11 vapor temperature

Pressure Gauge . Range -100 to +250 kN/m gauge to indicate  pressure
in chamber.
Water Flow Meter : Tapered glass tube type with stainless steel float and

control valve. Range 0 to 50 gm. s

Safety

High Temperature cut-out:
The digital temperature indicator incorporates a high temperature relay which is set to interrupt

the electrical supply to the heater when metal surface temperature rises above 170 °C.

Pressure cut-out:

This is to interrupt the electrical input if chamber pressure exceeds 220 kNm ™2 gauge.
Pressure Relief valve:

The pressure relief valve is fitted to the chamber set to discharge vapor from the chamber when

pressure exceeds 250 kNm ™2 gauge.
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EXPERIMENT

1. Visual Demonstration of the three modes of boiling

Turn on the electrical and water supplies and adjust both to low setting.

Allow the digital thermometer to stabilize. Observe this and the liquid temperature
at frequent intervals.

Carefully watch the liquid surrounding the heater. Convection currents of liquid will be
observed, and at the same time liquid will be seen to collect and drip on the condenser coils,
indicating that evaporation is proceeding at though at low rate. Increase the wattage in
increments, keeping the vapor pressure at any desired constant value by adjusting the cooling
water flow rate. When the temperature reaches the saturation temperature, the convective heat
transfer evaporation changes to convective boiling with more of liquid dripping on the
condenser coil.

Nucleate boiling will soon start and will increase until vigorous boiling is seen. At the
power input between 200 and 300 Watts, the resulting metal—liquid temperature difference will
be high. The nature of the boiling will be seen to change dramatically and at the same time the
metal-liquid temperature difference will rise quickly.

The rate of evaporation falls to a low level and the water flow rate must be reduced to
maintain a steady pressure. The electrical input should now be reduced to about 60 Watts.
Careful examination of the heater surface will show that it is now enveloped in an almost
unbroken film of vapor and this is this is the cause of the reduced heat transfer rate.

The electrical power input should now be reduced to zero. It will be found that as the
metal-liquid temperature difference falls to about 40 K the boiling suddenly becomes vigorous
as film boiling reverts to nucleate boiling.

Convective boiling also occurs while nucleate boiling or film boiling is going on.

2. Determination of heat flux and surface convective heat transfer coefficient at constant

pressure

Adjust the electric heater to about 30 Watts and adjust the water flow rate until the
desired pressure is reached. Note the voltage, current, vapor pressure, liquid temperature and
metal temperature. Increase the power to say 50 Watts, adjust the cooling water flow rate to
give the desired pressure and when steady, wait 5 minutes then repeat the observation
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Repeat in similar increment until the transition from nucleate to film boiling is reached.
By careful adjustment of voltage near this condition it is possible to make an accurate
assessment of critical conditions. When film boiling is established the voltage should be
reduced and the readings continued until the heater temperature reaches 170 °. Enter result
into the table 1.

3. Effect of pressure on critical heat flux

The method is similar to that the given under (2) but by careful adjustment of the
power and water flow rate, the heat flux at transition from nucleate to film boiling at a variety

of pressures may be established

4. Filmwise condensation

The filmwise condensation which occurs with R11 can be clearly seen, and the
resistance offered by the liquid is readily incorporated.

The overall heat transfer coefficient between the condensing vapor at the desired
pressure and the cooling water may be found as follows:

Adjust the voltage and water flow rate until the desired pressure and condensing rate
is established. When conditions are stable, note the water flow rate, water inlet and outlet,

and R11 temperature in Table 3. This should be repeated at other water flow rates.

During Use

Control the saturation pressure to the desired value :
(a) Variation of the cooling water flow rate (or temperature)

(b) Variation of the power supplied to the heater.

After Use
Always:
(a) Switch off the electrical supply and disconnect from the mains
(b) Circulate cooling water until pressure has fallen to atmospheric
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Table 1 Data for calculating boiling heat flux and heat transfer coefficient

Experimental data

NO | Voltage, E
(Volt.)

Currant, |
(Amp)

Liquid Temp,
Ti (°C)

Metal Temp., Tm
(°C)

Vapor Pressure

(kN/m gauge)

20
35
50

60
70
80

90
100
110
115
120
125

© 00 N o o | W N P

e
N B O

Table 2 Heat flux and heat transfer coefficient.

Heat Transfer
Rate
Q=El
(Watt)

Heat Flux
q=0Q/A
(KW/m?)

Temperature
Difference
AT =Tm- T (K)

Surface Convective Heat
Transfer coefficient
h=qg/AT (KW/m?.K)
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Interpretation

Enter and calculate the data from Table 1 into 2.
From the experiment number 2, plot the heat flux as a function of T and explain the graph.
From the experiment number 2, plot the surface convective heat transfer coefficient as a
function of T and explain the graph.
From the experiment number 3, calculate the overall heat transfer coefficient for each water
flow rate.

Discussion
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Table 3 Data for Calculating condensation overall heat transfer coefficient (U)

Cooling Water Flow Rate, mw, (kg/hr)

Water Inlet Temperature, Ti, (°C)

Water Outlet Temperature, To, (°C)

Saturation Temperature of R11, Ts, (°C)

Voltage, E, (V)

Current, 1, (A)

Vapor Pressure, (KN/m2 gauge)

Equation for calculating overall heat transfer coefficient

Heat transfer rate at cooling coil, Qw
Qw =mw Cp (To- Ti)

Heat transfer rate from heater, Qe

Qe:EI

Logarithmic Mean Temperature Difference, A Tim

(Ts - Ti) - (Ts - To)

ATlm =

Ts — Ti
In (TS = TO)
Overall heat transfer coefficient, U= v
ATim

DATA SHEET, Boiling and Condensation Heat Transfer
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Student :
Student :
Student :
Student :

Table 1 Data for calculating boiling heat flux and heat transfer coefficient

©

Voltage,
E
(Volt.)

Currant,
|
(Amp)

Liquid Temp,
Ti (°C)

Metal
Temperature,
Tm (°C)

Vapor
Pressure
(kKN/m

gauge)

Boiling

Phenomena

20
35
50

60
70
80

© 00 N o o | W N P

90
100
110

11
12

115
120
125

Table 3 Data for Calculating condensation overall heat transfer coefficient (U)

Lab Instructor Signature
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Cooling Water Flow Rate, mw, (kg/hr)

Water Inlet Temperature, Ti, (°C)

Water Outlet Temperature, To, (°C)

Saturation Temperature of R11, Ts, (°C)

Voltage, E, (V)

Current, 1, (A)

Vapor Pressure, (KN/m2 gauge)

Condensation phenomena at condenser

coil and tank wall

Lab Instructor Signature .............cooviiiiiiiiiiiiiiiiinen,
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8
BUBBLE TRAY AND FIXED BED DISTILLATION

Objectives
1. To determine the number of theoretical plates within the column using the method of McCabe

and Thiele. (For the bubble-cap column only)

2. To determine the Murphree Plate Efficiency. (For the bubble-cap column only)

3. To demonstrate the effect which variations in reflux ratio have upon the distillate
composition. (For both columns)

4. To compare the separation efficiency of a bubble-cap and packed columns.

Background
If vapor leaving a distillation plate has a composition which is in equilibrium with the liquid

on that plate, then it is called a theoretical plate. In packed columns which contain no plates,
the term height equivalent to a theoretical plate, HETP, is used and defined as that length of
packed column where the vapor composition leaving that section is in equilibrium with the
liquid concentration leaving that section.

In order to design a distillation column, one needs to know how many theoretical plates are
required for the duty, in order either to determine the length of packed column needed or to
calculate the number of actual plates required from knowledge of the plate efficiencies. In this
experiment, the number of theoretical plates within the column will be determined using the
methods of McCabe and Thiele at different vapor throughputs and a fixed reflux rate.

The reflux ratio is the major variable used in industry to control the product composition
from a distillation process. The reflux is defined as the ratio of the amount of condensate
returned to the column to the amount of condensate removed as product. Changing the reflux
ratio alters the composition of the distillate, distillate composition being determined from
temperature-dewpoint data using TI.1. Since reflux liquid is returned to the column through
RI.1A and product distillate passes through RI.1B, the reflux ratio is given by RI.1A/ RI.1B.
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Dishlldm o YoMt - Eoyakon) 5-1

S APPLICATION OF MASS BALANCES TO THE BATCH DISTILLATION
PROCESS

Two graphical methods are available to determine relationships
between the number of theoretical plates, reflux ratio,
liquid/vapour ratios and distillate compositions occurring

during the process of distillation. The first of these, the

method of McCabe and Thiele, involves simplifying assumptions

and uses essentialy mass balances only whilst the method of Ponchon
and Savarit is rigorous but requires the use of both heat and

mass balances for its solution. %

5k McCabe and Thiele

The simple application of the McCabe and Thiele method relies

upon three assumptions:

,I The latent heats of vaporisation (and hence
condensation) are identical for the components in the
binary mixture. ‘i

& ™

This assumption' is approximately true for many substances,

only when molal latent heats are considered and is the reason

why the McCabe and Thiele method will be developed using molal

mass balances. '

The consequence of this assumption is that the number of moles
of vapour which condensé must equal the same number of moles
of liquid which vaporise and so the molal liquid and vapour
rates throughout the column must be constant (although weight
and volume rates will vary considerably). Therefore, the
'operating line,' or the relationship Letween liquids and
vapours as they pass each other, as we shall see later, is a
simple straight line on the y versus x diagram.

gl* Heat losses are negligible

If this were not the case then heat loss would condense some
vapour and would change the molal flow rate within the column.

Tﬁi Heats of solution are small and constant

Again if this were not the case the molal flow rates would
vary. Fortunately, for many substances heats of solution are
an order of magnitude less than latent heats and can be
ignored.

The distillation process is shown diagrammatically in Figure
5-1.

NOTE:

Theoretical plates are numbered from the top of the
distillation column. The composition of liquid or vapour
streams leaving a theoretical plate (or that section of packed
column reguired to give the same change in liquid composition
as one step on the temperature composition diagram) are given
the suffix of the theoretical plate concerned.

| [#
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The condenser is a total condenser and removes only the latent
heat from the overheac vapour of mole fraction Yqr and

provides a liquid at its boiling point which is dividec into
reflux and distillate: by definition ¥y, = Xy = X5. The
distillate rate is D moles/hour.

The molal ratio of reflux to distillate withdrawn is known as
the reflux ratio. Thus the reflux ratio, R, = L/L.

A liquid rate of L moles/hr falling through each theoretical
plate, and the vapour rate V moles/hr rising through each
theoretical plate are assumed to be constant, . but compositions
of the vapour and liquid change at each theoretical plate.

However, the composition y_ of the vapour leaving the nth
theoretical plate is in eqﬁilibrium with the liquid of
composition X leaving the same theoretical plate. Thus the

point (y_, Xn) on y, x co-ordinates falls on the equilibrium
curve.

A total mass balance for the envelope I is
V= L + D

since
R=L/D or L =RD

then
V = D(R + 1)

A mass balance for component B only, yields
Vyn+1 = an + DXD

Thus the enriching section operating line (relationship
between liquid and vapours as they pass one another between
theoretical plates) is given by

Y - M % D x
n+l 5 s NG 7 D
V. = L + D by the overall mass balance and thus
Y. ol L x D X
i *+0 > * T@p D

Dividing the top and bottom expressions of the right hand side
of the above equation by D gives.

L/D X X

Yne1 = n + Rip
L/D + D/D L/D + D/D

D

2/3
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This is cbtained by substituting n = 1 in the equation of the
operating line cgiving

and the value of y, is obtained from the point of intersection
of the value of X4 with the operating line, see Figure 5-5.

The process of using equilibrium data and the operatlng llne
equation is repeated.

Thus, Yor the vapour leaving the second theoretical plate is
in equilibrium with the liquid leaving that plate, and so the
point (y,, xé) lies on the equilibrium curve, and the
relationship between the vapour of composition y5 and the
liquid of composition X, as they pass one another between the
second and third theoreti~al plates is given by

Thus the value of y., is obtained from the point of
intersection of the“value of X, and the operating line.

This stepwise calculation is repeated until the vapour
composition Yn+1 is obtained. The reboiler composition is Xp

and yields a vapour y in equilibrium with Xp-

n+l
The entire distillation parameters at any particular point
during a distillation process are shown in Figure 5-6 and
indicates the relationship between the number of theoretical
plates, reflux ratio, ligquid/vapour flow rates, and distillate
composition.

NOTES:
(1) There are 4 theoretical plates in the distillation
column.

(2) The reboiler, also acts as a theoretical plate since the
vapours formed are in equilibrium with the reb01ler
composition.

(3) In packed columns the height equivalent of a theoretical
plate is calculated by dividing the height of the column
packing by the number of theoretical plates in the
column.

(4) The procedure for determining the number of theoretical
plates can be applied at any time during a batch
distillation process.

5+
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Experimental Procedure

1. Start the utility system
1.1 Air:  Turn on the pneumatic valve to the system.
Observe the pressure gauge which will read approximately 2 barg.
1.2 Steam : Check with the lab technician to make sure that the boiler is in operation.
1.3 Cooling Water (CW) : Turn on the main breaker.
Switch on the breaker in the distillation control panel.
Switch on the breaker in the Field Control Unit (FCU) in the control
room.
Switch on the DCS Computer and the monitor.
1.4 Electricity :  Switch on the main breaker.
Switch on the breaker in the distillation control panel.
Switch on the breaker in the Field Control Unit (FCU) in the control room.
Switch on the DCS Computer and the monitor.
2. Start up - atmospheric operation - bubble cap column
- Check all valves-position.
- Set the CW flow at 3.5 L/min.
- Open the steam by-pass valve (close to the steam trap).
- Get rid of the ‘condensate’ in the heating system.
- Turn on the main steam valve.
- Wait until no condensate left, then close the by-pass steam valve.
- Adjust the steam regulator until P14 reads about 0.4 bar g.
3. Set a reflux ratio of .
4. Wait until steady state is reached (open drain valve to remove air trap, if necessary).
5. Record the values of temperature indicators and reflux indicators (R1.1A and RI.1B) as given
in the log sheet.
6. Adjust the reflux control valve, RCV.1, to set the reading on R1.1B to 1.0. Wait 5 minutes
and, if
necessary, adjust RCV.1 at 1 minute intervals to maintain the set reading, then repeat the
steps 4 and 5.
7. Repeat the step 6, but this time increase R1.1B in steps of 0.5, until R1.1A becomes less than
1.0.
8. Change the operation to — atmospheric operation - packed column
(change all necessary valve positions in correct sequence).
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9. Repeat the steps 3-7.
10. Shut down the system (Set the CW to 1.5 L/min until the system cools down).

Questions and Tasks

For the bubble-cap column:
Q1. What assumptions are made in order to use the McCabe and Thiele method?
Q2. Determine the number of theoretical plates within the column using T1.3 values as the

starting point, for reflux ratios of o and 2.5 (approx)

Q3. Use the results from Q2 to determine the overall tray efficiency.
Q4. Determine the average Murphree Plate Efficiency using T1.2C/D/E/F and T1.3 values.
Hint: 77, =G, =)/, =)

Q5. Compare the overall efficiency values with the Murphree Plate Efficiency and comment on
the results.

Q6. Draw a graph of distillate vapor temperatures, TI.1, against reflux ratio and a graph of
distillate, composition against reflux ratio.

Q7. Comment on the shape of the curves and explain the effect which variations in reflux ratio

have upon the distillate composition.

Comparison of the bubble-cap and packed columns’ efficiencies:
Q8. On the same graph generated in Q6, plot distillate composition against the reflux ratio for
both columns.

Q9. Which column is more efficient in separating alcohol and water and why?
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LOG SHEET for the bubble-cap column

TIME

TI1 °C
TL1A °C
TIL.1B °C
TI.2 °C
TI.2A °C
TI.2B °C
TI.2C °C
T1.2D °C
TI.2E °C
TIL.2F °C
TI.3 °C
TL4 °C
Reflux

RIL1IA

RI1.1B

Reflux Ratio

LOG SHEET for the packed column

TIME

TIL1 °C

Reflux
RI.1A

RI.1B

Reflux Ratio
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Chemical Engineering Unit Operations

LABORATORY MANUAL

PURPOSE
The objectives of this laboratory course are as follows:
(1) to introduce students to typical and modern methods of data acquisition;
(2) to provide an opportunity for students to verify previously established experimental correlations and
theories in Chemical Engineering;
(3) to give students training in the written reporting of technical material;
(4) to impress students with the importance of working with people (fellow students and faculty) in a spirit of

friendly cooperation and in a professional manner.

PROCEDURE

Each student is responsible for all facets of every report requested. Consultation and discussion within
or between groups is not to be discouraged, however.

The format of a technical report usually assumes a fairly standard style since the objective of the report
is to present in a logical and organized form the results of a scientific or engineering study. It should be designed
to fulfill this objective in the most efficient manner and to serve as reference in the future.

Reports written by students, as compared with those written by practicing engineers, have some
differences in objectives. While the practicing engineer only wishes to convey ideas or information, the
principal objective of the student is to set training in report writing (and to pass the course). Thus, it is obvious
that the value to the student lies in the preparation of the report, in the discipline, thought and reasoning which
give into the organization and presentation of the written material. They are not written for the edification of
the faculty (except to measure the ability of students). The value to the student lies in the preparation of the

report, in the discipline and learning which derives from the process of writing the report.



REQUIREMENTS

1) Attendance

Every student is expected to attend all of the regularly scheduled laboratory periods pertaining to the
experiments. Should a group member be absent for valid, verifiable reasons (illness, death of an immediate
family member, etc.), he will be allowed to do a make-up work by joining group or by submit a report based

on the information gathered by his group (subject to the instructor’s permission).

2) Reports

Every student will submit individually written project reports describing the result of the experiments.
Each report with be due at the beginning of the next regularly scheduled laboratory period, approximately one
week after the experimental work has been performed.

Late reports will be accepted with no penalty if the student has a valid excuse (usually medical).
Otherwise, late reports with incur a ten (10) point penalty for each week that they are late.

Experiment reports which are submitted on schedule but score less than sixty (60) points, out of one
hundred (100) points total, will be rejected and must be resubmitted prior to the end of the term. Scores on
resubmitted reports will be averaged with the initial score. The average score must reach sixty points in order
for the student to avoid additional resubmission. He submitted reports will carry the same late penalty as to
original submission.

All reports must be received no later than 5:00 p.m. on the last day of regularly scheduled classes in
order for you to receive credit for the course. No incomplete grades will be given except under truly unusual

circumstances.

3) Experiment Supervision

Each student will take turn to be a supervisor for very experiment except the first week of each

experiment. Such student will explain and instruct his/her group both theoretical and practical aspects.

4) Scoring

The final grade for the course will be based on the report and the performance of the supervisor

.5) Safety

All students are expected to understand any hazards associated with their particular experiments prior
to beginning them. Since safety considerations are also part of the required report, it is strongly suggested that

the student investigate them as part of his initial preparation for the laboratory. Unsafe practices on the part of
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any group or individual in this laboratory cannot be tolerated and may result in immediate dismissal. The
following safety precautions will be exercised by all students:

(1) There will be no smoking, eating, or drinking in the laboratory area. If you feel the urge to indulge
in any of these activities, leave the laboratory area prior to doing so.

(2) Safety glasses with clear plastic or hardened glass lenses will be worn by all participants, if
necessary. Sun glasses are prohibited. Side shields are desirable but not mandatory.

(3) To avoid burns due to accidental splashing of hazardous chemicals, skin should be covered as
much as possible. Long pants and/or aprons must be worn by all participants, and closed-toe footwear is
required. Open-toe sandals should not be worn in the laboratory.

(4) Loose items of apparel should be avoided when you are working around moving machinery.
Neckties, dangling jewelry, and long, loose hair should not be worn. Hair that is longer than shoulder length
should be gathered into a protective net or otherwise confined when the student is working in the laboratory.

(5) Each student shall know the positions and operation of fire extinguishers, safety showers, and eye
fountains. Should it become necessary to use any of these devices, please notify your instructor afterwards so
that they may be properly recharged where necessary.

(6) Hoods should be used where possible for transferring volatile and toxic chemicals.

(7) Good housekeeping procedures are essential in the laboratory. Particularly, accidental spills of
water and chemical solvents should be wiped up immediately and disposed of properly. Doing this will prevent
poor footing and minimize the possibility of fire and toxic inhalation.

(8) Spilled mercury should be regathered as completely as possible and disposed of properly. Your
instructor should be immediately notified in event of a mercury spill.

(9) Be wary of possible electrical hazards. All electrical devices should be properly grounded. Frayed
or otherwise hazardous electrical cords should be reported and replaced or repaired. Flammable solvents should
be kept away from electrical equipment.

(10) Portable radios are prohibited because they are distracting and therefore hazardous.

(11) Students shall conduct themselves safely and responsibly.

REPORT SPECIFICATION

Reports are to be either English or Thai. All drawings and tables are to be in ink. Xerox reproductions
of them are permissible, however.

All drawings and figures should be line drawings. Free hand sketches are not acceptable. All drawings
and figures must be appropriately labeled with a figure number, figure title, and also data identifying the group

and experiment. Tabular data must be presented in a manner similar to that out lined for figures.
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All reports shall be bound in an attractive, substantial report cover. Report covers with brad binders to
retain the papers are best.

Format for Technical Reports

® Title page (omitted in this report)
®  Table of contents (omitted in this report)
®  Abstract
®  Introduction (omitted in this report)
®  Theory (omitted in this report)
®  Experimental apparatus, material and procedure (omitted in this report)
®  Results and Discussion
- Results
- Analysis of results
- Discussion of errors
®  Conclusion
®  Recommendation
®  Appendix
- Rawdata

- Sample of calculation

- Answer to questions (if any)
- Safety consideration

- Bibliography or Reference

- Data record sheet
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Summary

The summary is probably the most important part of a report, since it is referred to most frequently and
is often the part of the report that is read. Its purpose is to give the reader the entire contents of the report in
one or two pages. It covers all phases of the design project, but it does not go into detail on any particular
phase. All statements must be concise and give a minimum of general qualitative information. The aim of the
summary is to present precise quantitative information and final conclusions with no unnecessary details.

The following outline shows what should be included in a summary:
1. A statement introducing the reader to the subject matter
2.  What was done and what the report covers
3. How the final results were obtained

4. The important results including quantitative information, major conclusions, and recommendations



An ideal summary can be completed on one typewritten page. If the summary must be longer than two

pages, it may be advisable to precede the summary by an abstract, which merely indicates the subject matter,

what was done, and a brief statement of the major results.
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HEAT EXCHANGER UNIT

General Description

The heat exchange rig consists of three different types of heat exchanger viz (i) shell and tube, (ii) coil in
shell and (iii) plate, all possessing a heat transfer area of 0.5 m’. Even though each of the heat exchangers have the
same internal heat transfer area, they are however, essentially different in construction and utilizes different
materials i.e. glass, alloy 316 and stainless steel and will therefore perform differently.

All the exchangers are arranged for independent operation and evaluation using hot water on one side of
the heat exchanger and cold water on the other side. Additionally, when operating with hot water and cold water,
the direction of flow of the cold water can be reversed to permit study of both co-current and countercurrent

operation in any of the heat exchangers.

The Plant in Detail

Reference Figure 1
1. Principles of Operation

Each of the heat exchangers is operated in turn and studied separately. When one of the exchangers is in
use the others are isolated using valves V6,V7,V8,V14,V15,V16,V17,V18,V19 a necessary. Each of the heat
exchangers can be operated in 4 ways.

(i) Cold water — hot water — co-current flow.

(i1) Cold water — hot water — countercurrent flow.

(iii) Cold water — steam — co-current flow.

(iv) Cold water — steam — countercurrent flow.
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a. Cold water flow.

Water from an external supply is fed to the unit through the flowmeter FI.1 and its flow rate measured. The
direction of flow through each of the heat exchangers can be reversed using valves V1,V2,V3,V4 and the flow of cold
water can be directed to the heat exchanger under study by adjusting valves V6,V7,V8 as necessary. When the coil
and shell type heat exchanger (HE1) is used the cold water is passed through the coils.

When the alloy heat exchanger (HE2) is used the cold water is passed through a series of parallel chambers.

When the shell and tube type heat exchanger (HE3) is used the cold water is passed through the tubes.

b. Hot Water Flow

Hot water is produced by a boiler containing 3 sets of a 3,000 W electrical heater. Water enters the heater
tank through the filling hose by opening water inlet valve and then passed to the heat exchanger under study through
flowmeter F1.2. Within the heat exchanger, the hot water passes vertically upward to exit at the top and be recycled
back to the heater tank through valve V13. Hot water passes through the shell side of both the coil in shell exchanger

HE1 and shell and tube exchanger HE3 and through a series of parallel channels in the alloy heat exchanger HE2.

c. Steam Flow.

Steam from the mains supply is fed to the unit via a pressure reducing valve PRV1 to reduce its pressure to
approx 1.7 bar g (25 psig) and introduced into the top of the heat exchanger under study. Steam is then condensed in
the shell side of the respective heat exchanger and condensate emerges from its base to be discharged or collected

from the steam trap ST1.
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The plant specification

1. Process Equipment

- Coil in Shell Heat Exchanger HE1
Diameter, nominal bore
Length, overall
Heat transfer area (A,,)
Heat transfer area (A_,)

- Alloy 316 Heat Exchanger HE2
Overall dimensions (L x B x H)
Heat transfer area (A,)
Heat transfer area (A_,)
Distance between plates
Flow cross section area/plate

- Shell and Tube Heat Exchanger HE3
Diameter, nominal bore
Tube length
Tube diameter, internal
Tube wall thickness
Number of tubes
Number of baftles
Baffle spacing
Heat transfer area (A,)

Heat transfer area (A,,)

100 mm
610 mm
2

0.5m

0217 m’

185 x 90 x 550 mm
0.5m’

0.466 m’

3.0 mm

0.032m’

80 mm
1,000 mm
12 mm

1.0 mm

236 mm
0.5m’

0254 m’



2. Process Instrumentation

FI.1 Cold water flowmeter

Variable area type, range 0-10 liters/min
F1.2 Hot water flowmeter

Variable area type, range 0-10 liters/min
TI.1 Cold water inlet/outlet temperature gauge

Remote reading filled system, dial thermometer, range 0-120 ° ¢
TI.2 Cold water inlet/outlet temperature gauge

Remote reading filled system, dial thermometer, range 0-120 ° ¢
TI.3 Hot water outlet / steam inlet temperature gauge

Remote reading filled system, dial thermometer, range 0-200 ° ¢
TIL.4 Hot water inlet / condensate temperature gauge

Remote reading filled system, dial thermometer, range 0-200 ° ¢
PI.1 Cold water inlet/outlet pressure gauge

Bourdon type, range 0-2.5 bar gauge
P1.2 Cold water inlet/outlet pressure gauge

Bourdon type, range 0-2.5 bar gauge
PI.3 Steam inlet/hot water outlet , pressure gauge

Bourdon type, range 0-2.5 bar gauge
PI.4 Steam supply pressure gauge

Bourdon type, range 0-4.0 bar gauge

3. Materials of Construction

A variety of materials has been used in the construction of this heat exchanger unit. The major ones of

which are:
QVF Borosilicate glass - HE1, HE3 and associated equipment
Alloy 316 - HE2
Copper - Steam and water pipe lines

Brass - Valves
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Safety and Operating Procedures

Safety Instructions for Students

1.

ii.

iii.

1v.

Vi.

Vil.

Viii.

IX.

X1.

X1i.

1.1

Students must not carry out laboratory work without the supervision of a lecturer.

Plastic gloves and eye shields must be worn when handling corrosive liquids, and heat resistant gloves
when adjusting steam valves.

All experiments involving a potential explosive hazard must be conducted behind special shields.
When working with solvents etc., ensure that the apparatus is adequately vented.

All used solvents should be handed to the technician and not disposed of into drains or laboratory sinks.
Smoking is forbidden in all laboratories.

Safety helmets must be worn.

Services equipment (vacuum generators) must in no circumstances be started up by students.

Gas cylinders, when in use, should be adequately strapped bench and supported in the upright position,
away from sunlight or flames. Ensure that cylinders are shut-off after use.

Before using any chemical, ensure that you are familiar with its hazards and with emergency procedures.
If in doubt, ask the lecturer in charge.

If chemical spillage occurs, evacuate the laboratory in an orderly fashion.

Departmental Safety Schedule

FIRE
(1)  Inthe event of a serious outbreak of fire, it is the responsibility of All staff on the promises to ensure
the safety of the students.

(i)  Lecturers in charge of classes should, when the alarm sounds, accompany their student to a safe place

outside the building taking class register to check that all students are safely out of the building.
(iii) Technicians should take emergency safety precautions as necessary with operating equipment, e.g.
switch off all nearest exit away from the fire.
@iv) When building has been evacuated, lecturer on departmental duty should report to

the Head of department that the building is clear.
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(i)
(i)

GENERAL SAFETY

All hazardous chemicals must be kept (when not in use) in the chemical stores.

No laboratory work can be conducted by students without the supervision of a lecture. It is the duty

of the lecturer conducting a practical class to ensure that all reasonable safety precautions are taken

(in relation to the specific experiment carried out either by incorporation of safety instructions in the
laboratory sheet, or by oral instruction if no formal laboratory sheet exists, e.g. use of plastic gloves

and eye shields when handling corrosive liquids; shields in front of equipment where potential

explosive hazards exist, etc.

In view of potential toxicity of solvent vapors etc., all laboratories should be adequately ventilated

during experimental work. Check that vents to atmosphere are not blocked.

All used solvents must not be disposed of into drains or laboratory sinks.
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2. General Start-up Procedure
2.1 Pre Start-up Checks
(i)  Inspect the equipment visually for glass breakage and/or Leakage. Replace or repair any defective
items in accordance with the CTS 8 Installation and Maintenance Manual.
(ii)  Ensure cold water discharge lines, hot water discharge lines and condensate removal points are free
of obstructions and correctly arranged.

(iii) Complete the valve check list

Cold Water Circuit Open Closed
FCV.1 X
V.1 X
V.2 X

V.3 X
V.4 X

V.5 X
V.6 X
V.7 X
V.8 X

Steam/ Hot Water Circuits

FCV.2 X
V.11 X
V.12 X
V.13 X

V.14 X
V.15 X
V.16 X
V.17 X
V.18 X
V.19 X
V.20 X
V.21 X

V.22 X

V.23 X
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Steam Lines
V.9 X
V.10 X

2.2 Start-up Cold Water Circuit

V.1
V.2
V.3
V.4

V.6
V.7
V.8

Action :- Set cold water valves for countercurrent or co-current operation.

Co-current Countercurrent
Open Closed Open Closed
X X
X X
X X
X X

Action :- Choose the heat exchanger to be operated and adjust the following valves.

HE1 HE2 HE3
Open Closed Open Closed Open Closed
X X X
X X X
X X X

Turn on cold water flow.

Safety Precautions

1. Do not open FCV.1 abruptly, open slowly to prevent a pressure surge occurring in the heat

exchangers.
i.  Check either V.2 or V.4 is open.

ii. Slowly open FCV.1 to allow cold water to flow through the heat exchanger.

Note : Any air seen to be trapped in the heat exchanger should be removed by slowly opening FCV.1 to its

maximum for a few minutes, flush out this residual air and then throttled to provide the desired flow rate.
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Start up Hot Circuit.

Start up Steam

Safety Precautions

1.

Do not open V.9 abruptly, open slowly to prevent a sudden surge of steam condensate to any of the
heat exchangers.

Do not close V.22 until a steady flow of steam issues from the condensate drain.

Ensure that the steam drain is free from obstructions and that condensate can be removed safely.
Ensure that the steam trap operates effectively after steam has been applied to a heat exchanger and
that there is no build up of condensate in the heat exchanger. If in doubt over the effectiveness of
the steam trap, close the steam pressure control valve V.9 and follow the general shut down
procedure before investigating the problem.

Do not allow the steam pressure to exceed 2.0 bar gauge.

Do not allow the cold water outlet temperature to exceed 90°C .When steam is applied to a heat
exchanger, continually monitor TI.1/T1.2 and either increase cold water flowrate or reduce steam

pressure to reduce the cold water outlet temperature if necessary.

Action : -  Set Steam on to Heat Exchanger

1.

ii.

10
11
14
15
16
17
18

Ensure valves V.21, V.22 are open and that there is no water in the steam side of the heat
exchanger to be operated. Should there be any water present ensure this is drained out by
opening valves V.17, V.18, V.19

Choose the heat exchanger to be operated and check the position of the following valves and

adjust if necessary.

Reboiler H.E. Alloy 316 H.E. Shell and Tube H.E.
HE1 HE2 HE3

Open Closed Open Closed Open Closed

X X X
X X X
X X X
X X X
X X X
X X X
X X X
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V.19
V.20
V.21
V.22
V.23

iii.

1v.

Vi.

X X X

X X X
X X X
X X X

X X X

Partially open the steam pressure control valve V.9

Following the initial surge of condensate, and when a steady flow of steam issue from the
condensate drain, close V.22

Monitor the steam pressure gauge PL.5 and adjust the steam control valve V.9 to provide the

desired steam pressure (do not exceed 2 bar gauge)

Allow the system to operate for 5-10 mins to establish equilibrium conditions and then take

the necessary readings.

Start up hot water circuit

Safety Precautions

1.

Do not attempt to start up the hot water flow while steam is being supplied to any heat

exchangers. This is most important. Always ensure that the steam supply to the heat

exchangers is fully isolated before starting hot water.

Do not open PCV.2 abruptly, open slowly to prevent a pressure surge on the heat exchangers.
Do not allow the water pressure to exceed 1.4 bar g maximum as indicated on P1.4.

Do not allow the hot water temperature as shown on TI. 4 to exceed 85°C. To reduce the hot
water temperature turn the temperature control dial on CV.1 anti — clockwise. Adjustments
should only be made in small increments to this dial.

Ensure the hot water discharge drain is free from obstructions.
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Action : -

PCV.2

<

< < << << << <=2 <K<

ii.

iii.

10
12
13
14
15
16
17
18
19
20
21
22
23

1v.

Vi.

Start up Hot Water Circuit.

Close valve V.10  This is the most important.

Turn the temperature control dial on CV.1 completely anti — clockwise until it will go no
further.
Choose the particular heat exchanger to be operated and adjust the following valves as

necessary.

Reboiler H.E. Alloy 316 H.E. Shell and Tube H.E.
HE1 HE2 HE3
Open Closed Open Closed Open Closed

X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X

Slowly open PCV.2 to establish the flow of water through the desired heat exchanger. Open
PCV.2 fully and then leave for 1-2 minutes in order to remove as much entrapped air as
possible from the heat exchanger under test. Close PCV.2 to give the desired flowrate on PT2.
Slowly open valves V.9 and V.11 to allow steam into the mixing valve CV.1

Slowly turn the temperature dial on CV.1 clockwise until the temperature reading on TL.4 is

70-80°C.
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General Shut-down Procedure

1. Shut down Hot Side of Heat Exchangers.

1.1 Shut down Hot Water Circuit.

i. Close PCV.2,V.12,V.11,V.9

Shut down steam circuit.

Safety precautions

(a) Do not open the steam trap by — pass valve V.22 before closing the steam pressure control
valve V.9
(b) Ensure that the steam trap condensate drain hose is safely positioned before opening V.22.

Action : - Isolate steam supply.

i.  Close the steam pressure control valve V.9
ii. Allow the heat exchanger a few minutes to cool down and then carefully open the steam trap

by — pass valve V.22,

1.2 Shut down Cold Water Side of Heat Exchangers.

Safety Precautions

(a) Only shut off the cold water supply to the unit after the steam supply to the unit has been
isolated.

Action : - Isolate cold water supply.

i.  Ensure steam supply is isolated to unit ; if not, do it now see 9.4.3.1.2
ii. Close FCV.1
The shut down procedure is now complete with the equipment in a conditions which may be

left safely.
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General Operation Instructions

1. Water Flowrate Control
Flowrate of cold and hot water can be adjusted using the flow control valves PCV.1 and PCV.2
respectively. Adjustments should be slowly and smoothly, and the system allowed 5-10 mins to equilibrium

conditions before taking readings.

2. Reversing the Flow Direction of Cold Water
This can be done quite simply while the unit is operational.

- Safety Precautions

a) To avoid excessive pressure occurring in the heat exchangers leading to possible damage
ensure that valves are opened and closed strictly in the order given.
b) The valve changing sequence outlined below, once started, should be completed with the

minimum of delay between each successive step.

2.1 Changing from Co-current (+) to Counter-current (+) Flow
i. Close V.1, Open V.2.
ii. Close V.4, Open V.3.

2.2 Changing from Counter-current (+) to Co-current (+) Flow
i. Close V.3, Open V4.

ii. Close V.2, Open V.1.

2.3 Changing between Steam and Hot Water Operations

- Safety Precautions

(a) When steam and water mix, violent water hammer can result. If this happens within any of
the heat exchangers, damage will almost certainly occur. Because of this potential hazard it
is not recommended that the steam and hot water be interchanged while the unit is in
operation. In order to affect a change it is recommended that the unit first be shut down

before the change from steam to hot water or hot water to steam is made.
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4. Draining the equipment

It is recommended that the equipment be completely drained at the end of each experimental session.

4.1 Drain the Hot Side
a. Steam Operation.
1. After completing the general shut down procedure 9.4.3.2 and after the unit cooled down,
open valve V.13. Drain all heat exchangers by opening valves V.17. V.18 and V.19.

b. Hot Water Operation.

i.  After completing the general shut down procedure 9.4.3.1 open valves V.21 and V.22 and
drain all heat Exchangers by opening valves V.17, V.18 and V.19.
ii. When all the heat exchangers have drained, open valves V.11, V.23.
4.2 Drain the Cold Side
i. open valves V.2, V.4 and V.5 and ensure V.6, V.7 and V.8 are all open in order to drain all the

heat exchangers.
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HEAT EXCHANGER UNIT

EXPERIMENT 1

Objectives

i) The determination of heat losses from external heat exchanger surfaces.
ii) The evaluation of the Overall Heat Transfer Coefficient for heat losses to atmosphere for various types of

heat exchanger and materials of construction.

Background

Heat loses to atmosphere from any item bf process plant equipment in a chemical plant represent an
irrecoverable loss of energy, and provides a direct indication of the energy efficiency .f the process. Additional
energy input, in the form of heat e.g. extra steam, is necessary to overcome the effect of these losses and
obviously this incurs additional cost. In the past, when energy costs could virtually be ignored, no particular
emphasis is attached to these heat losses, but now, in today’s energy intensive world with its high cost of energy,

the situation is very different.

Heat losses to atmosphere are reduced through the extensive use of lagging, but even here an economic
comparison must be made between the cost of lagging and the resultant savings in heat loses, in order to

determine the optimum lagging thickness.

Consequently, the modern engineer must be able to predict and assess the effects of heat losses on a process,
preferably at the design stage, in order to specify the optimum amount of lagging. Heat losses to atmosphere
from plant items normally occur natural convection and can be characterized by the value of the overall heat
transfer coefficient through the external wall to atmosphere. In this experiment, the actual rate of heat loss and
overall heat transfer coefficient from the exchanger to atmosphere and determined for several different types of

unlagged heat exchanger.
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Ql
Q2
Q3
Q4

Q5

Q6

Method

READ ALL OPERATING INSTRUCTIONS FIRST AND RE-READ SECTION 9.4 IN YOUR STUDENT
MANUAL TO ENSURE THAT YOU FULLY UNDERSTAND ALL SAFETY PRECAUTIONS AND
OPERATING INSTRUCTIONS.

Do not start up without permission from your supervisor.

Choose the heat exchanger to be operated and complete pre-start-up checks.

Set steam on to heat exchanger at a pressure of approx 0.35 bar gauge (5 psig) on PI .3

Allow 5-10 minutes for the system to reach equilibrium and then record values of temperatures, pressure and
condensate flow rate.

Increase the steam pressure P1.3 in increments of approx 0.35 bar gauge (5 psig); allow the system sufficient time
to reach equilibrium and take readings as in ii. Repeat until 5 or 6 sets or reading have been taken.

Shut down the heat exchanger

Repeat the experiment for the other two heat exchangers by following the steps (i)-(v) above for each of the heat

exchangers.

Questions and Tasks

Draw a diagram of the apparatus.

Describe the experiment in your own words.

Calculate the heat input to each heat exchanger (Q,) for each steam pressure.

Show by means of a simple heat balance why Q, — Q,; where Q; is the heat loss from the external surface

area of the heat exchanger.

Draw a graph of steam pressure against steam condensate rate, and for each heat exchanger comment

upon :-

i. the relationship between steam pressure and steam condensate rate

ii. the relationship between steam condensate rate from each heat exchanger when operated at a constant
steam pressure.

For a typical heat exchanger draw the expected temperature profiles

i.  through the external heat exchanger wall

ii. along the length of the heat exchanger
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For each steam pressure, determine the steam temperature Tq and calculate the temperature driving

forces for heat loss (T4-T,;), where T, is the ambient air temperature.

Q7 Qz=UA_ (T-T,,), where U is the overall heat transfer coefficient, and A, is the external heat transfer
area of
Explain why a graph of Q vs (T-T,;) is a straight line, has a positive slope and passes through the origin.
Q8 Draw a graph of Q, vs (T,-T,,) and, hence, calculate the overall heat transfer coefficient for each heat
exchanger given the following :
A,, for the reboiler heat exchanger = 0.217 m’
A, for the shell and tube exchanger = 0.254 m’
A, for the alloy 316 heat exchanger = 0.15 m’
Q9 The equation for the heat flow through a thick walled pipe can be applied to the heat flow, by conduction,

through the external glass walls of the reboiler and shell and tube heat exchanger.

Derive the expression for heat flow through a thick walled pipe.

27rmkL(T, —T,)

(rz T rl)
where r, = internal pipe radius (m)
r, = external pipe radius (m)
L = length of pipe (m)
T, = inside surface temperature of pipe ("K)
T, = outside surface temperature of pipe (°K)
k = thermal conductivity of pipe wall material (w/m k)

is the log mean radius for heat flow (m2) and is given by

r, = (ry-r) (m)
In [r_zj
]

Q10 (a) Derive the equation for the heat loss from the surface of a heat exchanger, namely :

B (Ts—Tair)
R N (72
+ +

hs Ain 27zrm kL hair Aex
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Q11

Q12

QI3

where A, = internal surface area of the heat exchanger (m’)
A, = external surface area of the heat exchanger (m’)
h, = heat transfer coefficient from steam to inside surface of the heat exchanger (w/mzK)
h,, = heat transfer coefficient from the outside surface of the heat exchanger of air

(w/m’K)

(b) Assuming that A,, = A, = A, =2Tr, L then derive the general relationship for heat loss from an

exchanger

1 wallthickness 1
+—t —
k hair

Using you calculated values for the overall heat transfer coefficients from QS, and the equation in Q10
(b) comment on the relative magnitude of h_ and h_; and their effect on U.

The value of Q; as determined in Q3 is not completely accurate since the steam feed to the heat
exchanger may be wet. How will the entrainment of water in the steam feed affect the calculated

values of U?

(a) Calculate the fraction of Qg actually transferred to the surroundings as a heat loss ,when Qy is calculated
from the measured steam condensate rate, if steam to the heat exchanger contain 0.1 % by volume of
water at a pressure of 0.4 bar g. (At this pressure steam volume is 1.225 mJ/kg and assume that the s.g.
of water is 1.0)

(b)  Using the results from (a) re-determine the overall heat transfer coefficients.
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HEAT EXCHANGER UNIT

EXPERIMENT 1 DATA SHEET

Experiment Date:..................
By: Supervisor:.................... Student ..o

Student ... Student ...

Student ... Student ...

HEAT EXCHANGER UNIT
Heat Exchanger PI5 (bar g) o TI3 (°C) T,,(C) Steam Condensate (cm’/min)
(bar g)
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EXPERIMENT 2

Objectives

To compare the heat transfer capabilities of a coil type heat exchanger, a stainless steel plate heat
exchanger and a shell and tube type heat exchanger by evaluating the overall heat transfer coefficient when hot

water and cooling water are used as heat source and sink, respectively.

Background

The rate of heat transfer in a heat exchanger is given by the familiar equation

q=UAAT,
where (] = Rate of heat transfer
U = Overall heat transfer coefficient
A = Area over which heat transfer takes place
AT,, = Log mean temperature difference

From this, it is evident that the rate of heat transfer ( is directly proportional to the value of the overall
heat transfer coefficient U . However, U is itself dependent on such things as the flow conditions of the fluids
within the heat exchanger (i.e. laminar or turbulent), the material of construction and thickness of the heat
exchanger wall, the design of the heat exchanger even the number of baffles and baffle spacing in shell and
tube heat exchangers affect the value of the overall heat transfer coefficient. In short, the performance of any
heat exchanger as characterized by the value of the overall heat transfer coefficient can be seen to be a function
of both fluid flow conditions and also the physical design, layout and materials of construction of the heat

exchanger.
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This experiment examines three heat exchangers of differing designs and materials of construction but all
with identical areas for heat transfer — 0.5 m” — thus allowing direct comparison and also determines the U
value for these heat exchangers for the situation whereby heat is transferred from hot water to cold water.

Comparisons of the U values can then be made.

Method

READ ALL OPERATING INSTRUCTIONS FIRST AND READ SECTION 8 IN YOUR STUDENT
MANUAL TO ENSURE THAT YOU FULLY UNDERSTAND ALL SAFFTY PRECAUTIONS AND

OPERATING INSTRUCTIONS.

DO NOT START UP WITHOUT PERMISSION FROM YOUR SUPERVISOR.

i) Choose the heat exchanger to be operated and complete the pre-start up checks.

ii) Start up cold water circuit for counter current operation with a flow rate of 2 liters/min

iii) Turn on the heater and set temperature at a constant value between 55-70 C.

iv) Allow the system to reach equilibrium and then take temperature, pressure, and flow rate readings.

v) Repeat the instructions (iii) and (iv) for at least 2 more temperature set points. Take 3 to 5 readings of each
value to obtain an average value.

vi) Shut down the heat exchanger

vii) Repeat the whole experiment for the other two heat exchangers.
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HEAT EXCHANGER UNIT

EXPERIMENT 2 DATA SHEET

By: Supervisor:.................... Student :.......oooiiiiiiiin
Student ... Student ...

Student ...l Student ...l

HEAT EXCHAGER

FLOW DIRECTION

TIME
COLD WATER

FI1 1/min

PIl barg

PI2 barg

TI1 °C

TI2 °C

HOT WATER

FI2 /min

PI3 barg

PI4 barg

TI3 °C

TI4 °C
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Ql.
Q2.
Q3.
Q4.
Q5.

Q6.

where

Questions and Tasks

Draw a diagram of the apparatus.
Describe the experimental procedure in your own words.
Calculate the heat transferred to the cold water, Q. and the heat input to the heat exchanger, Qy, for each
experimental result.
Show, by means of a simple overall heat balance, why Q; does not equal Q...
Draw a graph of Q. against Q, and explain why this graph is a straight line, does not pass through the
origin, has a positive slope and negative intercept on the Q. axis. What is the value of this intercept and
what does it represent?
(a) Draw the expected temperature profiles :-

i) through the heat exchanger external wall and

ii) along the length of the heat exchanger external wall (plot T, and T, against % distance along

air

heat exchanger)

(b) Derive the relationship

o=yl Thi—Tho)
QQ Q Ue)Axl (rhi _Tair)

L (Tho_Tair)_

T,; is the inlet temperature of hot water,
T,, is the outlet temperature of hot water,
T, is the ambient temperature,
U, is the overall heat transfer coefficient from hot water to air and
A, is the external heat transfer surface area of the heat exchanger.
(c) Calculate the overall heat transfer coefficient between hot water and air if :-
A_, for the reboiler heat exchanger HE1 = 0.217 m’
A, for the alloy 316 heat exchanger HE2 = 0.466 m’

A, for the shell and tube heat exchanger HE3 = 0.254 m’
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Q7. Draw the expected temperature profiles :-
(a) between hot water and cold water through the heat exchanger internal wall.
(b) for the expected temperature variation of the hot and cold fluids as they pass through
the heat exchanger (plot T, and T, against % distance along heat exchanger)
Q8. For each cold water flow rate, determine
(a) the temperature driving forces for heat transfer at the inlet and outlet of the heat exchanger AT1 and
AT2 respectively
(b) show log mean temperature driving forces

(c¢) determine the log mean temperature driving force ATlm

Q9. Draw a graph of Q_ (as evaluated in Q3) against the log mean temperature driving forces (as determined
in Q10). Explain why this graph is a straight line, has a positive slope and passes through the origin.
Also, determine U, ..

Q10. How would you expect the efficiency of heat transfer between hot water and cold water to be affected

if the direction of flow of the cold water is reversed?
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2

DOUBLE EFFECT EVAPORATION

General Oppressions

The unit consisted of two 20 liter evaporation units which may be operated as one single effect
evaporator or linked together so that the vapour generated in the first effect is used to heat the second effect and
double affect operation is achieved. The feed arrangement is such that forward feed or parallel feed operations
may be investigated.

Each evaporator unit is heated by an external reboiler with a steam coil in shell heat exchanger of area
0.5 m’ and the vapour evaporated off is condensed in a coil condenser with an area of 2.5m’.

Vacuum is applied to the unit via the connection after the second effect condenser and also via a condensate
receiver to the first effect on start-up.

Feed liquor is supplied to the unit by gravity from an overhead vessel and steam, cooling water and
vacuum services are supplied together with the necessary instruments and valves to monitor and control
pressures, temperatures and flow rates.

The maximum evaporation rate of the unit is approximately 20 kg of water per hour at the highest

steam pressure and vacuum.

The Plant in Detail

Please refer to figure 1
1. Modes of Operation

The plant has been arranged to operate in number of ways

(1) Single Effect Operation — the second effect is used in isolation from the first effect and effectively
turns the unit into a single stage evaporator capable of operation either at atmospheric pressure or under vacuum
conditions.

(ii) Double Effect Evaporation-two identical evaporators provide the basis for operation of the unit as
a double effect evaporator. Under normal operating conditions the vapours from the first effect provide the
heating medium for the second effect which is normally operated under vacuum conditions.

When the unit is operating as a double effect evaporator further options are available with regard

to the method of feeding.
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a. Feed Forward Operation. The total feedstock is fed to the first effect and concentrated liquor

from this effect then overflows into the second effect.

2. Principles of Operation

Water is charged to the feed vessel and monitored into the unit through flowmeter FI.1. (on extreme
left hand side of diagram ,figure 1)

When the unit is operated as a standard forward feed double effect evaporator ,all the feed stock is
passed into the reboiler system of the first effect.

The first effect comprises of a 20 litres spherical glass vessel with an external reboiler in a
thermosyphon loop arrangement. This reboiler is heated using an external steam supply (up to a maximum
pressure of 3.5 bar g) to evaporate water from the bulk liquid in the first effect. Vapour generated in the first
effect is fed directly to the heating coils of an identical reboiler in the second effect. Excess liquid from the first
effect is transferred to the second effect via a manually operated regulating valve which is used to control the
liquid level in the first effect.

The temperature of the liquid in the first effect is monitored on temperature indicator TI.1 and the
corresponding operating pressure measured by pressure indicator in P1.2.

The second effect is basically identical to the effect ion that it comprises a 20 litres vessel with an
external reboiler in a thermosyphon loop arrangement. Vapours driven off from this second effect are totally
condensed and the liquid collected can be measured later

Liquid concentrate overflows from the second effect to a different receiver vessel and can again be
discharged and measured. The temperature of the liquid in this effect is monitored on temperature indicator
TI.2 and the operating pressure measured by pressure indicator P1.3.

Cooling water the condenser is controlled by the flow control valve FCV.2, its pressure is monitored
by pressure indicator P1.5 and the inlet and outlet temperature measured by temperature indicators TI.3 and
TL4.

Pressure control valve PCV.2 and monitored on P1.4. All the receivers are arranged to facilitate removal
of concentrate, condensate etc under vacuum conditions.

The unit is converted, simply, for use a single effect evaporator merely by isolating the first effect
(closing valves V.1,V.2,v.4 and V.7) and letting all the feed flow directly into the second effect. The second
effect then becomes a single effect evaporator in its own right and can be operated in the general manner

described above, but in this instance, an external steam supply is used.
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The Plant Specification

1. Process Equipment
i) Feedvessel (V1)
Graduated cylindrical vessel,capacity 30 litres.
ii ) Evaporator first effect
Total working capacity (vessel and heater) : 18 litres.

a. Spherical Vessel (V 2)

Nominal capacity : 20 litres
Working capacity : 13 litres
b. Heat Exchanger : Coil Boiler Type (HE 2)
Heat transfer area 0.5m’
Maximum operating pressure 3.5 bar gauge
Typical overall heat transfer coefficient 80W/m’ °K
iii ) Evaporator second effect

Total working capacity (vessel and heater) : 18 litres.

a. Spherical Vessel (V 3)

Nominal capacity : 20 litres
Working capacity : 13 litres
b. Heat Exchanger : Coil Boiler Type (HE 3)
Heat transfer area 0.5m’
Maximum operating pressure 3.5 bar gauge
Typical overall heat transfer coefficient 80W/m’ °K
iv) Condenser/cooler (HE 1)
Heat transfer area 2.5m’
Maximum operating pressure 2.7 bar gauge
Typical overall heat transfer coefficient 60W/m’ °K
v) Condensate receivers (V 4, V5)
One vessel is supplied for each of the two effects to collect condensate.

Spherical Vessels

Number 2

Capacity (each) 5 litres
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vi) Condensate receivers (V 6)

Spherical Vessels

Capacity 5 litres

2. Process Instrumentation

(1) FL1 Feed Flowmeter Variable area type,
range : 0-16 litres/hour
(i) FL2 Cooling water Variable area type,
flowmeter range : 0-16 litres/hour
(iii)) PL1 Steam supply pressure Bourdon type,
indicator range : 0-4.0 bar gauge
(iv) PL2 1" effect operating Bourdon type,
pressure indicator range : -1-0.0 bar gauge
(v) PL3 2™ effect operating Bourdon type,
pressure indicator range : -1-0.0 bar gauge
(vi) PI4 Vacuum supply pressure Bourdon type, range : -1-0.0 bar gauge
(vii) PL5 Cooling water pressure Bourdon type, indicator range : 0-4.0 bar gauge
(viil) TL1 1" effect temperature Remote reading, filled system, dial thermometer,
indicator range 20-120 °C
(ix) TL2 2™ effect temperature Remote reading, filled system, dial thermometer,
indicator range 20-120 °C
(x) TL3, Cooling water Locally mounted dial thermometer,
TL4 temperature indicators range 0-50 °C

3. Materials of Construction

All item of equipment in contact with the process materials are constructed from borosilicate glass

and P.T.F.E. with the exception of the flow meter floats and thermometer bulbs, which are fabricated from

stainless steel.

Safety and Operating Procedures
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Safety Instructions for Students

1.

ii.

iii.

1v.

Vi.

Vil.

viiii.

IX.

X1.

Xil.

Students must not carry out laboratory work without the supervision of a lecturer.

Plastic gloves and eyeshields must be worn when handling corrosive liquids,and thermally
resistant gloves when adjusting steam valves.

All experiments involving a potential explosive hazard must be conducted behind special shields.
When working with solvents etc., ensure that the apparatus is adequately vented.

All used solvents should be handed to the technician and not disposed of into drains or
laboratories sinks.

Smoking is forbidden in all laboratories.

Safety helmets must be worn.

Services equipment (vacuum generators) must not , in any circumstances, be started up by
students without supervision.

Gas cylinders,when in use , should be adequately strapped to benth and suppored in the upright
position,away from sunlight or flames. Ensure that cylinders are shut — off

Before using any chemical,ensure that you are familiar with its hazards and with emergency
procedures.

If in doubt, ask the lecturer in charge.

If chemical spillage occurs,evacuate the laboratory in an orderly fashion.

1.1 Departmental Safely Schedule

FIRE

i

ii.

iii.

1v.

In the event of a serious outbreak of fire, it is the responsibility of ALL staff on the premises
to ensure the safety of the students.

Lecturers in charge of classes should, when the alarm sounds, accompany their students to a

safe place outside the building taking class register to check that all students are safety out of
the building.

Technicians should take emergency safety precautions as necessary with operating equipment,
e.g. switch off all pumps, motors, etc., and then leave the building by nearest exit away from
the fire.

When building has been evacuated, lecturer on departmental duty rota should report to the

Head of department that the building is clear.
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GENERAL SAFETY

1.

ii.

All hazardous chemicals must be kept (when not in use) in the chemical stores.

No laboratory work can be conducted by students without the supervision of a lecturer. It is the

duty of the lecturer conducting a practical class to ensure that all reasonable safety precautions

are taken (in relation to the specific experiment carried out either by incorporation of safety
instructions in the laboratory sheet, or by oral instruction it no formal laboratory sheet exists,
e.g. use of plastic gloves and eye shields when handling corrosive liquids; shields in front of

equipment where potential explosive hazards exist; etc.

In view of potential toxicity of solvent vapours, etc., all laboratories should be adequately

ventilated during experimental work. Check that vents to atmosphere are not blocked.

All used solvents must not be disposed of into drains or laboratory sinks.

Floors beneath equipment should be cleared of containers after experiments and spills,

condensate etc, are all mopped up.

2. General Start up Procedure

2.1 Pre-Start up Checks

1.

ii.

iii.

Ensure that the condition of the feed in the two evaporator vessels is correct and that liquid
level is up to the top of the reboiler sidearms, that is, to slightly over halfway up the evaporator
vessel. If necessary, top up or fill the vessels following the charging and Draining Procedure.
Inspect the equipment visually for glass breakages and chemical leakage. Replace any defective
item in accordance with the CTS 5 Installation and Maintenance manual.

Complete valve check list.
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VALVE CHECK LIST

OPEN CLOSED

V.1.  Feed vessel valve. X
V.2.  First effect feed valve. X
V.3.  Second effect feed valve. X
V.4.  Connecting valve. X
V.5.  Drain valve. X
V.6.  Connecting valve. X
V.7.  Second effect isolation valve X
V.8.  Drain valve X
V.9.  Vacuum connecting valve X
V.10.  Vent valve X
V.11. Pressure reducing steam valve X
V.12.  First effect steam valve X
V.13.  Steam trap by-pass valve X
V.14.  Steam condensate valve X
V.15. Second effect steam valve X
V.16. Vent valve X
V.17.  Steam trap by-pass valve X
V.18. Condensate drain valve X
V.19. Condensate valve X
V.20. Condensate vessel vent valve X
V.21. Condensate vacuum valve X
V.22.  Condensate receiver drain valve X
V.23.  Vacuum line vent valve X
V.24. Vacuum connecting valve X
V.25. Vent valve X
V.26. Drain valve X
V.27  Isolation valve X
V.28  Vacuum isolation valve X
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OPEN CLOSED

PCV.1 Feed flow control valve X
PCV.1 Cooling water flow control valve X
PCV.1 Steam control valve X
PVC.1 Vacuum bleed control valve X

2.2 Start up Circuit 1. Cooling Water. (Blue Circuit)

Safety Precautions

a. Do not open FCV.2 abruptly, open slowly to ovoid pressure surge to the cooling system.

b. Do not allow the water pressure to exceed 2.7 bar g maximum as indicated by P1.5..

c. Adjust FCV.2 until a reading of mid-scale is show on flowmeter F1.2.

d. Ifno flow is indicated check cooling water system and valves before continuing.

Action To provide cooling water to the condenser.

i.  Open the water flow control valve FCV.2 slowly until a flowrate of mid-scale is shown on

flowmeter.

2.3 Start-up Vacuum/Vent. (Green Circuit)
Action : - Set for atmospheric operation (Single effect)

Safety Precautions

i.  Always maintain V.25. and V.23. in the open position.
Failure to do so may result in the system pressurizing.
ii. Check vent valves V.25, and V.23. are open.
iii. Check vacuum isolate valve V.28. is closed.
A) Action : - Set for vacuum operation (Single effect)
i.  Close vent valves V.25 and V.23 and open valve V.19.
ii. Open vacuum isolation valve V.28 to apply vacuum to the system.
iii. Monitor vacuum gauge PI.4 and adjust vacuum pressure control valve PCV.2 to obtain the
desired vacuum.
B) Action : - Set for vacuum operation (Double effect)
i. Close vent valves V.25, V.20 and V.23
ii. Open vacuum isolation valves V.28 and V.21 to apply vacuum to the system.
iii. Monitor vacuum gauge. P1.4 and adjust Vacuum pressure control valve PCV.2. to obtain the

desired vacuum.
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2.4 Start-up Heating (Non Circuit)

A)

a.

Do Not turn steam on to the heat exchangers unless the liquid level in the spherical vessels is
at its normal working level. The normal working level is when the side connection on the
spherical vessel is just full of water.

When heat is being supplied to the heat exchangers do not allow the liquid level within the
spherical vessels to fall below the level of the steam inlet.

Do not open steam valves V.12 or V.15 abruptly, open slowly and allow any condensate to
drain through the traps before increasing steam pressure to avoid excessive vibration of the
heating coil.

Ensure steam traps are operating effectively, if not close steam valves V.12 and V.15 and
follow general shut down procedure before investigating the problem.

Ensure that the steam main is correctly connected ie.

i) to second effect reboiler (single effect).

ii) to first effect reboiler (Double Effect).

Action : - Set steam on to reboiler (single effect)

1.
ii.
iii.

1v.

Vi.

Vil.

Check steam trap by pass valve V.17 is open . Check V.18 is open and close V.7.

open steam isolation valve V.15.

Partially open steam pressure control valve PCV.1.

Following the initial surge of condensate and when a steady flow of steam issues from the
condensate drain, close valve V.17.

Monitor the steam pressure gauge PI.1 and adjust the steam pressure control valve PCV.1 to
obtain a steam pressure reading of approximately 2.5 bar g.

Allow a period of approximately 15-30 minutes for the equipment to reach thermal equilibrium
with the surroundings when a steady continuous flow of distillate may be observed flowing
from the condenser.

adjust the steam pressure to the desired value and the equipment may be operated to the

requirements of the experiment to be performed.
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B) Action : - Set steam on to both reboilers (Double Effect)
i.  Check steam trap by pass valve V.13 and condensate valve V.14 are open.
ii. Close valve V.18 slowly and open isolation valve V.16 and V.19
iii. Close steam trap by pass valve V.17.
iv. Check valve V.15 is closed.
v. Open steam isolation valves V.11 and V.12.
vi. Partially open steam pressure control valve PCV 1.
vii. Following the initial surge of condensate and when a steady flow of steam issues from the
condensate drain, close valve V.13
viii. Monitor the steam pressure gauge PT.1 and adjust the steam pressure control valve PCV.1 to

obtain a steam pressure reading of approximately 2.5 bar g.

3. General Shut down Procedure
3.1 Shut down Vacuum / Vent (Green Circuit)
- Atmospheric operation
No Action.
- Vacuum Operation

Safety Precautions

a. Do not open vent valves V.25 or V.23 before closing vacuum isolation valve V.28.
Action : - Reduce Vacuum
i.  Close vacuum isolate valve V.28.
ii. Partially open vent valves V.25 and V.23.
iii. Monitor vacuum gauges PI.2 and PI.3 and when the system pressure stabilizes at
atmospheric pressure open vent valves V.25 and V.23 completely.
3.2 Shut down Heating (Red Circuit)
Action : - Isolate steam to reboiler (single effect).
i.  Close steam pressure control valve PCV.1 and isolation valve V.15.
Action : - Isolate steam to reboiler (Double effect)

ii. Close steam pressure control valve PCV.1 and isolation valve V.12.

3.3 Shut down Heating (Blue Circuit)
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Safety Precautions

a. Do not isolate cooling water until the steam has been shut down for at least 5 minutes sand
no vapours can be observed in the condenser.

Action : - Isolate cooling water to condenser

i.  Close cooling water flow control valve PCV.2

The shut down procedure is now complete with the equipment in a condition in which it may

be left safely.

4. General Operating Instructions

4.1 Cooling Water Control

Safety Precautions

a.

b.

Do not open PCV.2 abruptly, open slowly to prevent pressure surge in the system.

Do not allow the water pressure to exceed 2.7 bar g maximum as indicated by PI.5.

Ensure that the outlet water temperature T1.4 does not exceed the inlet water temperature TI.3
by more than 12°C.

Monitor the flow indicator and adjust the water flow control valve PCV.2 to obtain the desired

water flowrate reading or temperature rise.

4.2 Vacuum Control

Safety Precautions

a.

It is recommended that only fine adjustment of the vacuum should be made when the unit is
operational. A large increase in vacuum during operation will lower the boiling point of the
working fluid considerable, resulting in a sudden release of vapour which may cause surging
through the condenser.

Monitor the vacuum gauge PI.4 and adjust the vacuum bleed valve PCV.2 to maintain the

desired operating vacuum.

4.3 Heating (Steam Pressure Control)

Safety Precautions

a.

Do not increase the operating steam pressure to such a value tat vapour passes through the
condenser without condensing.

Ensure that steam only flows to the second effect boiler during single effect operation.

Ensure that the pressure reducing valve V.11 is initially set such that a maximum pressure of

3.5 bar g cannot be exceeded.
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d. Monitor the pressure gauge PI.1 and adjust the steam pressure control valve PCV.1 to obtain
the desired steam pressure.
Adjustments of PCV.1 should be made in small increments, with sufficient time allowed
between increments for the system pressure to stabilize.
4.4 Feed Flow Control

Safety precautions

a. [Ensure that the feed flowrate as indicated or PI.1 is at a rate great enough to maintain liquid
levels in the spherical vessels such that the side neck on these vessels is just full.

b. Observe the level in the feed vessel and top up as necessary during the course of the experiment.

Action : Set feed on to evaporator : Single Effect

i. Close V.2, open V.3.

ii. Adjust PCV.1 to give the required flowrate and ensure this remains open.

Action : Set feed on to evaporator. Double Effect

i. Close V.3. Ensure V.4 is closed. Open V.2.

ii. Adjust PCV.1 to give the required flowrate.

iii. Slightly open V.4 and adjust as necessary in order to maintain the liquids in the spherical
vessels at their correct levels.

iv. Ensure valve on PI.1 romaine constant by adjusting PCV.1 as necessary.

Safety precautions

a. All sample will be hot. Care must be taken when collecting them. It is recommended that gloves
be worn when taking samples.

b.  When in the process of draining or sampling from any of the receiver vessels the valves V6,
V19 and V 247 will be closed. These valves must be closed for the minimum amount of time
as li quid will tend to back up. In the distillate receiver the vacuum connecting line may become
blocked. This is to be avoided at all costs. With V 19 closed,condensate will back up and could
result in pressurizing the first effect evaporator,eventually leading to failure of the bursting
disc.

Sampling Draining at Atmospheric Pressure Operation or under Vacuum Operation

i.  Steam condensate first effect
Sample directly from V.13.

ii  Steam condensate Second Effect
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iii.

1v.

Closed V.19. If operating under vacuum conditions close V.21 ans slowly open V.20. Drain
the contents through v.22 into a suitable receiver. When fully drained, closed V.22 and V.20.
Slowly open V.21 and then open V.19.

Product

Closed V.6. If operating under vacuum conditions in the Second Effect, close V.9 and slowly
open V.10. Drain the contents of the product receiver through V .8 into a suitable receiver.
When complete close V.8 and V.10. Slowly open V.9 and then V.6.

Distillate

Closed V.27. If operating under vacuum conditions, close V.24 and slowly open V.25. Drain
the vessel contents through V.26 into a suitable receiver. When complete, close V.26 and V.25.

Slowly open V.24 and then open V.27.
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Boiling Point of Water at Elevated Pressure

Appendix 1

Pressure bar (g)

Boiling Temperature ("C)

0.01
0.36
0.68
1.02
1.31

100
109.6
113.3
119.6

124.6

Boiling  Temperature (°C)

Latent Heat (KJ/kg)

10
102
104
106
108
110
112
114
116
118
120
122
124
126
128

130

2257
2252
2246
2241
2236
2230
2225
2219
2214
2209
2203
2197
2191
2185
2181

2174
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4.6 Charging

Safety Precautions

a. The initial charging or toping up of both effects should not be performed whilst the unit is
operational.
1. Open feed vessel value V.1 slightly and allow the first effect to fill up to the required level.
ii. If both effects need topping up, open V.4 when level in first effect is greater than second
and fill both effects to required level.
4.7 Draining

Safety Precautions

a. Ensure that the contents are cool.

b. Open drain valves and allow contents to drain into containers.
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Appendix 1.

Appendix 2.

Appendices

Physical Properties of Water at Elevated Pressures.

Physical Properties of Water at Reduced Pressures.

Steam Temperature (°c

150

140

150

120

110

100

 Linear Relation

Appendix 1 Plot of Steam Pressure Against Steam Temperature

15 20 35 30 35 40 45 pd (@
|

I I I I I I I
1.03 1,56 1.72 2.1 2.4 2.8 3l harig

Steam temperature (°c)
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Appendix 2 Boiling Point of Water at Reduced Pressure.

Vacuum (mms of Hg) Boiling Temperature (°C)
0 100
50.8 98
101.6 96
152.4 94
203.2 91.5
254.0 89
304.8 86.3
355.6 83.3
406.4 79.9
457.2 76.4
508.0 71.9
558.8 66.7
609.6 60.4
660.4 51.8
711.2 38.4
Boiling Temperature ( °C) Latent Heat (kJ/kg)
100 2257
98 2262
96 2267
94 2272
92 2278
90 2283
88 2288
86 2293
84 2298
82 2304
80 2308
78 2313
76 2318
74 2333
72 2328
70 2333
68 2338
66 2343

58



Boiling Temperature ( °C)

Latent Heat (kJ/kg)

64
62
60
58

2348
2353
2358
2363
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= aream=1

film Area (m’)

=

o e .

m

= area for evaporative heat transfer (mz)

= mean area for heat transfer (mz)
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area for sensible heat transfer (mz)

specific heat (kJ/Kg K)

diameter (m)

feed rate

heat transfer film coefficient (W/mzK)

cold side film heat transfer coefficient (W/mzK)
hot side film heat transfer coefficient (W/mzK)
resistance due to scale, outside

resistance due to scale, inside

thermal conductivity (W/m’K)

length of evaporator over which heat transfer takes place or wall thickness (m)

vapour flowrate (kg/sec)

pressure (bar g).

heat flow (kW)

evaporative heat load (kW)

heat losses from evaporator (kW)
sensible heat load (kW)

rate of heat transfer by steam condensation (kW)
resistance to heat flow

temperature ("C)

feed temperature ("C)

time (hours)

temperature difference (°C)

log mean temperature driving force (°C)

log mean temperature driving force for sensible heat transfer ("C)
(T, -TIY) - (T, -TI12)
in (Js=TID
(Ts=TI2)

temperature drop across the film ("C)
overall heat transfer coefficient for heat transfer (w/m3K)
velocity (m/second)

latent heat of vaporization of water at pressure (kJ/kg)
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A = latent heat of condensation of steam at a pressure inside the steam chest (kJ/kg)

st

Subscripts

0.1.2.3 = number of component or effect
c = cold side

h = hotside

i = inside

m = mean

0 = outside

W = wall
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DOUBLE EFFECT EVAPORATOR

EXPERIMENT 1

Objectives

For Single Effect Evaporation:-
i. Investigate the effect of variations in steam pressure on capacity.

ii. Calculate the heat loss.

Background

Evaporation is a process for producing a concentrated solution. Concentration in this case is achieved by
heating the solution, thereby vaporizing the carrier liquor. The concentrated solution is normally the required
product and is often sold directly in this form. Sometimes the hot concentrated liquor is allowed to cool, so

that the solids present can crystallize out.

The rate of evaporation is called the evaporator capacity and is one of the principal measures of performance.

It depends on the following factors :-

a. The rate at which heat is supplied.

b. The flow rate and sensible heat required by the feed to raise it to its boiling temperature.

c. The temperature difference between the heating fluid (usually pressurized steam) and the liquor
boiling temperature.

d. Heat losses during the evaporation process.

These factors are linked by the following expression which is derived from heat and mass balances. (See

your student manual for notation)

Q=(m.+m)x Cpx (T,—Ty) +m, +Q,
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Is this experiment single effect evaporation is studied at constant (atmospheric) pressure, so that there is no
variation in the boiling temperature of the feed liquor. Steam pressure used for heating is altered and results
obtained to allow lavestigation of the effect on evaporator capacity and calculation of the heat loss.

Method

READ ALL OPERATION ISNTRUCTIONS FIRST AND READ SECTION 10 IN YOUR STUDENT

MANUAL TO ENSURE YOU FULL UNDERSTAND ALL SAFETY AND OPERATION
INSTRUCTIONS, PAYING PARTICULAR ATTENTION TO THOSE PARAGRAPHS REFERRED TO

BELOW.

DO NOT START UP WITHOUT PERMISSION FROM YOUR SUPERVISOR.

SAFETY GLASSES MUST BE WORN AT ALL TIMES

For this experiment use the second effect only.
i.  Start-up - atmospheric operation ... 10.2.1
-singleeffect 10.2.4

ii. Measure the ambient air. Temperature and water feed temperature.

iii. Set feed flow control valve FCV.1 to give a mid-range value on
the Rotameter F1.I1 10.4.4
Adjust at beginning to ensure liquid level in evaporator
vessel (V3) is constant, but do not alter when steady state conditions
have been achieved.

iv. Adjust cooling water flow rate using FCV. 2 to give temperature
difference across condenser (TI1.4-TL.3) in range 5-15°C.  .................. 10.4.1

v. When steady state conditions are achieved (i.e. PI.1, TI.2, F1.2 and temperature difference
across the condenser and all constant), start collecting the steam condensate from V.18,
distillate in the receiver vessel (V4) and product in the receiver vessel (V6). Measure the
volumes collected over a period of 15-20 minutes. During this time, check and record readings

(as above) at 5 minute intervals to ensure steady state conditions are maintained.

vi. Repeat the experiment for various steam pressures, say 3.0, 2.5, 2.0, 1.5 bar g, using steam

control valve PCV.1 and pressure indicator PL.1. ... 10.2.4
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Q.1
Q.2
Q3
Q.4
Q.5
Q.6

Q.7

Q.8

Q.9

Allow 5-10 minutes after changing steam pressure for equilibrium conditions to be achieved.
vii. Record air and feed water temperature.

vi. shutdown 10.3

Questions and Tasks

Draw a labeled diagram of the equipment.

Briefly describe the experimental procedure in your own words.

Define the term ‘capacity’

Draw of graph of evaporation rate against steam pressure.

Draw a graph of steam condensate rate against steam pressure.

Comment on the effect of varying steam pressure on the following :

i. Capacity

ii. The rate of concentrate production (m.)

iii. The rate of distillate production (m)

iv. The sensible heat load (Qg;)

Refer to the graphs drawn previously and give reasons for your answers.

Calculate the heat removed by the condenser (Q,) for each steam pressure by :

i.  using the measured values of the distillate

ii. using the cooling water flowrate and temperature difference for the condenser.

Which of (i) and (ii) should give the larger value and explain why.

Plot a graph of steam condensate rate against heat removed by the condenser as calculated
in Q.7 (i).

Plot a graph of steam condensate rate against distillate rate. Explain why the graph is a straight line
and does not pass through the origin.

Explain the meaning of the intercept and hence calculate the heat losses from the equipment.
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DOUBLE EFFECT EVAPORATOR

EXPERIMENT 2

Objectives

For Single Effect Evaporation :-
1. Investigate the effect of variations in vacuum on the rate of evaporation.

ii. Calculate the steam economy.

Background

Evaporators do not always operate at atmospheric pressure. The evaporator capacity (or the rate of
evaporation) is dependent upon the temperature driving force, that is, the temperature difference between
the steam and the boiling point of the evaporator feed liquor. Increasing the temperature difference increases
the evaporator capacity. Therefore, for a given duty, heat transfer would be reduced and hence the equipment

will cost less.

By adding a condenser and vacuum pump, the pressure in the evaporator can be made less than atmospheric.

As a result, the liquor will boil at a lower temperature. Hence the temperature difference is increased.

In industry vacuum operation is common and is of particular benefit with heat sensitive products which
cither decompose or react when heated to their normal (atmospheric) boiling temperature.

A measure of the efficiency of an evaporator is the steam economy which is generally defined as the number
of kilogram of liquid (usually water) vaporized per kilogram of steam fed to the unit.

During experiment 2, the heat input to the reboiler is kept constant and the effect of various levels of vacuum

on the capacity is studied.
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Method

READ ALL OPERATING INSTRUCTIONS FIRST AND READ SECTION 10 IN YOUR STUDENT

MANUAL TO ENSURE YOU FULLY UNDERSTAND ALL SAFFTY AND OPERATING

INSTRUCTIONS, PAYING PARTICULAR ATTENTION TO THOSE PARAGRAPHS REFERRED TO

BELOW.

O NOT START-UP WITHOUT PERMISSION FROM YOUR SUPERVISOR.

SAFETY GLASSES MUST BE WORN AT ALL TIMES

For this experiment use the second effect only.

i

ii.

iii.

1v.

Vi.

Start-up-vacuum operation .. 10.2.1
single effect 10.2.2
Set vacuum to -0.66 bar (gauge) by opening vacuum line valve v.28 and adjusting
the vacuum pressure control valve PCV.2 10.2.3
Adjust the steam control valve FCV.2 to give a reading of 2.0 bar g
on the pressure indicator PLL1T 10.2.4
When the evaporator contents begin to boil set FCV.1 to give constant liquid level and maintain
through the experiment.
Adjust the cooling water control valve FCV.2 so that the difference in temperature between the

inlet and outlet water temperatures (TL.3, TL.4) settles at a steady value in the rang 5-15°C.

When steady state conditions are reached (ie PI.1, P14, TI.2, FI., and (TL3-TL4) are all
constant) start collecting the condensate issuing from V.18 and the distillate in the receiving
vessel. After 15-20 minutes measure the volumes collected.

Allow 5-10 minutes after changing vacuum for equilibrium conditions to be achieved.

vii. Repeat experiment for different vacuum levels, say -0.50 and -0.33 bar g.

viii. Measure and record air and feed water temperatures.

IX.

Shut down.
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Q.1
Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Questions and Tasks

Briefly describe the experimental procedure in your own words.

Draw a graph of P1.4 against TI.2 and explain the effect of variations in vacuum level on the boiling
point of the liquid.

Draw a graph of evaporation rate against vacuum level and explain why evaporation rate changes
with variations in vacuum level.

Calculate the heat removed from the condenser for each vacuum level and draw a graph of Q. against
the vacuum.

Comment on the variation of the following parameters under conditions of constant steam pressure
and varying vacuum level.

i. Capacity

ii. Economy

iii. Liquor production rate

iv. Distillate production rate

v. The total heat supplied to the evaporator

Refer to graphs drawn previously and give reasons for your answers.

The economy of the evaporator is affected by the sensible heat load. If heat losses are ignored, show

that the economy is given by

Steam Economy =

st st

How is the economy of an evaporator affected by heat losses?
Owing to heat losses in the steam supply lines, the steam feed will contain some entrained water. If a

dryness fraction of 0.9 is assumed, show how the economy is affected.

kgsof drysteam
kgsof wet steam fed totheevaporator

NOTE Dryness Fraction =

Plot a graph of steam condensate rate against steam distillate rate. Explain why the graph is a straight
line and does not pass through the origin. Calculate the heat loss Q, and compare with the values

calculated for experiment 1.
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DOUBLE EFFECT EVAPORATOR

EXPERIMENT 2 Experiment Date:..................
By: Supervisor:.................... Student :.......ooiiiiiiin
Student ... Student ...
Student ... Student ...

LOG SHEET

TIME

FEED
Tf (°C)

FI.1

FIRST EFFECT

PIL.1 (bar g)

PIL.2 (bar g)

TL.1 (°C)

Volume of Condensate

SECOND EFFECT

PIL.1 (bar g)

PIL.2 (bar g)

PIL.3 (bar g)

TL.2 (°C)

Volume of Product of

Condensate

CONDENSER

FT.2

TL3 (°C)

TL4 (°C)

PL5 (bar g)

Volume of Distillate

VACUUM

PL.4
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DOUBLE EFFECT EVAPORATOR

EXPERIMENT 3

Objectives

Investigate the effect of variation in steam pressure on the capacity and economy of a double effect

evaporator.

Background

With single effect evaporators, large quantities of heat are wasted because the latent heat in the vapour
leaving the boiling liquor is simply lost to the cooling water in the condenser. It would be more efficient if

the latent heat of vaporization could be utilized to heat liquid in a second evaporator.

In multiple effect evaporation, each evaporator is called an effect, so a double effect system has two
evaporators. In a double effect system, vapour from the first effect loses its heat to the liquor in the second

effect, thereby utilizing the heat of vaporization.

Multiple effect evaporators of two, three and four effects are often used in industry when large volumes of
liquor are to be concentrated. Systems are usually limited to four effects, because the steam saving does not

cover extra capital and operating costs.

The major variable used industrially to control the efficient operation of a double effect evaporator, is the

heat input to the first effect. The object of this experiment is to determine the effect of variation in steam

pressure on the capacity and steam economy of a double effect evaporator operating at atmospheric pressure.
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Q.1
Q.2

Q.3
Q4

Q.5

Q.6

Q.7

Questions and Tasks

Briefly, describe the experiment in your own words.

Determine the capacity of each effect and the overall capacity at each steam pressure. Draw a graph
showing the variation of these capacities with steam pressure. Comment on the graphs.

Draw a graph of steam condensate rate against steam pressure. Comment on the graph.

Calculate the heat removed in the condenser Q. for each steam pressure and illustrate results on a
graph.

Calculate the economy of each effect and the overall value for double effect operation. Which of
the systems has the best economy and why?

Construct a heat balance over the two effects and for each steam supply pressure calculate the heat
less

Calculate the overall heat transfer coefficient (U) for each effect, given that the heat transfer

area of the boiler is 0.5 m’

Method

READ ALL OPERATING INSTRUCTIONS FIRST AND READ SECTION 10 IN YOUR OWN

STUDENT MANUAL TO ENSURE YOU FULLY UNDERSTAND ALL SAFFTY AND OPERATING

INSTRUCTIONS, PAYING PARTICULAR ATTENTION TO THE PARAGRAPHS REFERRED TO

BELOW.

DO NOT START-UP WITHOUT PERMISSION FROM YOUR SUPERVISOR.

70



3

LIQUID-LIQUID EXTRACTION

THE PULSE PERFORATED-PLATE COLUMN

Introduction

LIQUID-liquid extraction is a process for separating components is solution by their distribution
between two immiscible liquid phases. It is used to separate two miscible liquids by the use of a solvent
which preferentially dissolves one of them. LIQUID-liquid extraction is used when distillation and
rectification are difficult or ineffective. Close-boiling mixtures or substances that cannot withstand the
temperature of vaporization, even under the vacuum, may often be separated by extraction. Extraction
utilizes differences in the solubilities of the components rather than differences in their volatilities. Such a

process can also be simply referred to as liquid extraction or solvent extraction.

Definitions

The feed to a liquid-liquid extraction process is the solution that contains the component to be
separated. The major liquid component in the feed can be referred to as dileunt or the feed solvent. Minor
component in solution is often referred to as a solute. The extraction solvent, or just plain solvent or
extractant, is the immiscible liquid added to a process for the purpose of extracting a solute or solutes from
the feed. The extraction-solvent phase leaving a liquid-liquid contactor is called the extract. The raffinate
is the liquid phase left from the feed after being contacted by the second phase. A wash solvent is a liquid

added to a liquid-liquid fractionation process to wash or enrich the purity of a solute in the extract phase.

Solvent Extract

»
Ld »

A

Raffinate Feed (feed solvent + solute)

Mass Transfer

Rate of transfer and driving force are generally expressed as:
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N, = k,(C,,-C,,) (1)

where N, = mass (or no. of moles) of component A transferred in unit time across unit area.
Thus N, is a rate of transfer.
C,,—C,, = driving force, in this case in terms of the concentration difference for component
A, between locations 1 and 2.

k, = mass transfer coefficient for component A.

and, N,. =N, x (contact time) x (area) ()

= total amount of mass transfer

Consider a fixed amount of feed (A, B) brought into contact with a fixed amount of immiscible
extraction (C.) The solute (A) will be transferred to the extractant (C) unit equilibrium is reached, ie., an

ideal contact. At equilibrium it is possible to define the distribution coefficient (K,) as follows:

_ Concentration of A in Phase Il at equilibrium
Concentration of A in Phaes 1 at equilibrium

3)

A

The numerical value of K, will depend on the choice of basis of concentration measurement (eg.,

molar concentration, mole fraction, etc.). Thus:

K Y a @
A " XA
where Y A = equilibrium concentration (mole fraction) of A in extract
X » = equilibrium concentration (mole fraction) of A in raffinate

The percent recovery of solute from the feed can be obtained from:

% solute in feed —% solute in raffinate
% solute in feed

Percent Recovery =
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The Pulse Perforated-Plate Column

The pulse perforated-plate column consists of a vertical tower, usually cylindrical in cross-section,
fitted with horizontal perforated-plates which occupy the whole tower cross-section. Both phase must pass
through the plate and there are no upcomers or downcomers. The plate free cross-section (i.e. the proportion
of the total cross section occupied by the holes) is normally about 25%. The holes themselves may be any
shape but circular and rectangular slots are common.

The column and its operation may be characterized as follow:

()  Number of plates, N,

(ii)  Plate spacing, H, and N, + H. = extractor column height

(iii) End section, and N, + H. + end section = plant height

(iv) Hole geometry: number, cross-section and arrangement of holes

(v)  Free cross-section

(vii) Means of applying pulse: piston/plunger
bellows/diaphragm
pneumatic/compressed air

(viii) Pulse characteristics: pulse-frequency, f
pulse-amplitude, A,
pulse shape (e.g. sine wave)

(ix) Choice of effective dispersed and continuous phases

(x)  Throughput: flow rate of continuous phase, V.

flow rate of dispersed phase, V,

(xi) Efficiency: HETP or HTU

(xii) Column height: H = HTU, - NTU

(xiii) Scale up

(xiv) Operating range

The effect of pulsation is to give a substantial increase in column efficiency. In general, the pulse-
plate column is at least ten time more efficient than simple spray column.

Clearly, the number of plates will depend on the separation required. In general, the plates con be
seen as adjunct to the dispersion process rather than as stage units in their own right. In general, little
information is available as to the prediction of plate efficiency, which is hard to define for the type of system.

If the number of plates is large, and a typical column may have 50-100 such devices, then plate spacing is
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clearly important since it will affect the total column height quite markedly. Typically a spacing of 10 cm
seems effective. Smaller spacings tend to give unreasonably low flooding characteristics and larger spacing
result in a drop in extraction efficiency. Plate spacing must be optimized by trial and error for each system.
Overall, the number and diameter and of the holes determines the pate free cross section, and the same area
can be obtained in different ways, i.e. a few large holes or many small ones. The correct balance is essential
for efficient operation. This depends in part on the nature of the liquid involved. For pair of liquids with
large interfacial tension, small holes are preferred, whilst for liquid systems with low interfacial tension, the
holes may be increased in size without loss of efficiency.

The column itself has the need for phase separation at the exits. Generally, additional empty sections
are added to each to allow for coalescence and separation, but there seems no uniformly agreed design.

The design of an individual plate is again a matter of compromise. The most popular shape is circular
hole which is the easiest to manufacture. If the hole are too small flooding occurs at very low throughputs,
whereas if hole are large then the dispersion characteristics, which are a result of the turbulence at the hole,

are poor.

The Liquid-Liquid Extraction Plant

1. General Description

The pulse perforated-plate column for liquid-liquid extraction process is used. The normal mode of
operation is countercurrent flow in which the light phase is pumped from a feed vessel into the lower
separating chamber, and then flows upwards through the sieve plate column section to the upper
separating chamber where it overflows and returns by gravity to a collection vessel. Similarly, the heavy
phase is pumped from the feed vessel into the top separating chamber from where it flows downwards
through the column to the lower chamber. There it overflows via a balancing leg with a flexible pipe section
to a collection vessel. (Alternatively, it is possible to operate the plant with the light-phase filling column).

The column is fitted with regularly spaced horizontal perforated discs or sieve plates which help to
bring the two immiscible phase into contact as they pass through the column section. A pulse unit located
at the base of the lower separating chamber oscillates the fluid vertically inside the column.

By alternative the frequency and/or the amplitude of the pulse, the two phase can be contact or
dispersed to differing degrees which directly affect the rate of mass transfer a component from one phase to
the other. Sample points are provided at key position around the plant to simples of both light and heavy
phase liquid to be collected for analysis. In this way the effects of changing the pulse amplitude or frequency

either independently or together can be evaluated, as can other effects such as changes in flow rate, etc.
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2. The Plant Specification

Perforated-Plate Column

Column diameter (nominal)
Height of each column section
Number of column sections
Number of perforated plates
Plate spacing

Plate diameter (nominal)
Hole size (diameter)
Average number of holes
Average free area
Separating Chambers
Chamber diameter
Chamber height
Approximate volume

Feed and Storage Vessel

Number of feed vessels
Number of storage vessels
Nominal capacity
Working capacity

Twin Head Metering Pump

Pump type
Stroke
Speed

Flow range

Pulse Unit
Type
Stroke
Speed

Flow range

50 mm
1000 mm
2
19 per section
50 mm
50 mm
2 mm
140 per plate

25%

100 mm
695 mm

5.5 litres

2
2
50 litres

54 litres

Piston pump model QVF DN40A
Continuously variable, 0-20 mm
Fixed, 100 strokes per minute

Up to 44 litres/hour

QVF DN300
Continuously variable, 0-20 mm
Continuously variable, 17-150 strokes per minute

Up to 300 litres/hour
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Safety and Operating Procedures

1. Safety Instructions for Students

i)

ii)
iii)
iv)

V)

vi)

Students must not carry out laboratory work without permission of a lecturer.

Before commencing work students should note the position of emergency exits.

If in doubt over any instruction or action, ask the member of staff in charge.

Smoking is absolutely forbidden in all laboratories.

When working with solvents other than water ensure that the laboratory where the apparatus is
situated is adequately ventilated

Students must not alter or interfere with any electrical services.

vii) If any chemical spillage occurs the member of staff in charge must be informed immediately

viii) All spent solvents, waste solutions, etc must be handed to the technician for safe disposal and not

disposed of into drains or sinks.

2. General Operating Instructions

noted:-

Safety Considerations

To ensure safe working practice and to avoid potential damage to the unit the following should be

i) The laboratory in which the unit is situated MUST be adequately ventilated. Ground level
ventilation must be operative as solvent vapours are heavier than air.

ii) Fire prevention and fire fighting facilities MUST be available and regularly checked.

iii) Any spillage of organic solvent treated as hazardous. Facilities MUST be available for the
containment and collection of any spilt material.

iv) The apparatus should regularly be checked for leaks. Any leaks found MUST be rectified
before the plant is used again.

v) Used solvent should be collected in suitable vessels for re-use or disposal as appropriate.

vi) Regular checks should be made on the oil level in the gearboxes of the pumps.

General Operating Practice

i) Do not alter the stroke or frequency of the pumps unless they are operational.

ii) Do not use force to open or close valves.

76



iii) Whenever a flow-rate or pulsation is altered always allow sufficient time for the system to re-

gain operating stability. The level of the interface should be carefully re-set as necessary.

iv) Do not re-charge the feed vessels whilst the plant is running.

v) If the plant is shut-down temporarily by shutting off the pumps, it may by restarted directly by

switching them on again.

3. Start-up Procedures

- Pre-start up Checks

Complete valve check list and set valves as necessary. Refer to Figure 1.

VALVE
V1
V2
V3
V4
V5
V6
\%/
V8
V9

V10

VALVE
V11
V12
V13
V14
V15
V16
V17
V18
V19

V20

OPEN

X

<o X

OPEN

CLOSED
Do not close this valve.
Do not close this valve.
Do not close this valve.

Do not close this valve.

<o X X

CLOSED
X

X
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)

ii)

iii)

iv)

V)

vi)

Charging and Setting the Interface Level

Prepare the appropriate amounts of light and heavy phase liquids.

Ensure that both collection vessels are empty. If necessary drain unwanted liquid from the
collection vessels

Switch on the feed pumps. Set both feed pumps to the number setting used.

(NOTE: Do not adjust the stroke unless the pump is operating).

Allow the heavy phase liquid to enter the column and fill to a level of about the middle of the
upper separation chamber.

Carefully watch the level of the interface which forms between the light and heavy  phases
as the light phase enters the column. As the column fills this interface will fall. Adjust the level
as necessary by using the adjuster wheel on the balance leg.

Start the pulse pump and whilst it running set the stroke and frequency each tothe  specified

settings.

vii) Once liquid flow into the receiver vessel has been established for both phases use the adjuster

wheel to alter the height of the interface. Slowly turn the adjuster so as to bring the height of
the balancing leg up or down until the interface id about the middle of the upper separation
chamber. Re-set it as necessary using the adjuster and continue running for at least 10 minutes

without further interface/level change to ensure stability.

viii)DO NOT adjust the pulse pump frequency or stroke unless the pump is running.

4. Hydrostatic and Hydrodynamic

Interface Setting

It is necessary to establish the interface between the heavy phase and the light phase at a suitable

point at the top or bottom of the column. To do so, the hydrostatic pressure or head created by the liquids in

the column must be balanced by an equal and opposite pressure. This is done by using a balance when:

where h

p

h1Xp1 =h, x pz

= height of liquid above the interface

= density of liquid
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The top of the balancing leg controls the level of the interface when the column is just full to overflowing.
If the relative flow rates of the liquids change then the position of the interface will change (unless restored
by altering the length of the balancing leg) as the average density of the liquid in the column will change so

that:

P light X Vlight + P heavyx Vheavy
\"

Pawe =

column
when V is volume, or

plight X %Iight + :DheavyX %heavy
100

Pave =

As the light and heavy phase liquids are pumped through the column one liquid will tend to fill the column
(the continuous phase) whilst the other will form droplets (the dispersed phase). The amount of dispersed
phase or hold-up in the column will vary and depend on the relative flow rates of the two phases and the
pulsation intensity, thus altering the interface level.

- Flooding

Without pulsation the dispersed phase will tend to collect on the plates. If the droplets come into
contact they coalesce and form a continuous layer over the plate. Pulsation is usually employed to avoid
this. If the flow rates are set too high then the liquid cannot easily pass through the column and flooding
results. Flooding point is defined when a continuous layer of dispersed phase liquid just entirely covers a
plate. Flooding is less likely with more vigorous pulsation, but excessive pulsation will tend to cause

emulsification, especially when the liquids used have a low interfacial tension. This is inefficient.
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5. Sampling

- Sampling-Points
Samples of heavy-phase are collected via valve V17 and samples of light-phase via valve V15. The

procedure for sample collection is similar in both cases.

- Heavy-phase Samples

For heavy-phase samples place a beaker or suitable container below V17 and carefully open the
valve. Collect about 50 cm’ of liquid in the container then close V17. Safely dispose of this liquid. Replace
the container below V17 carefully re-open the valve. Collect about 10 cm’ in the container and then close

the valve. Transfer the liquid collected to a marked container and reserve it for analysis.

- Light-phase Samples

For light-phase samples, place a beaker or suitable container under valve V15. Open the valve and
allow all the contents of the vertical leg to drain into the container. Close the valve and dispose of the liquid
safely. Replace the container below V15, re-open the valve and collect about 10 cm’ of the light-phase

liquid. Close V15 and transfer the liquid collected to a marked container and reserve it for analysis.

6. Shut-down

- Temporary Shut-down

The plant may be temporarily shut-down simply by switching off the pumps.

- Total Shut-down

Set all feed pumps and pulsating pumps to zero setting. Then switch off all pumps.

Calibration Curve of Ethanol-Toluene-Water System

%wt Ethanol in Toluene 20.00 18.00 16.00 14.00 12.00 10.00
Refractive Index, (RI) 1.4654 | 1.4698 | 1.4716 | 1.4730 | 1.4767 | 1.4802
%wt Ethanol in Toluene 8.00 6.00 4.00 2.00 0.00
Refractive Index, (RI) 1.4835 | 1.4842 | 1.4887 | 1.4911 1.4960
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LIQUID-LIQUID EXTRACTION

EXPERIMENT 1

Objective

To demonstrate the effect of change in extraction solvent flow rate on extraction performance.

NOTE : DO NOT ALTER THE STROKE LENGTH OR FREQUENCY OF THE

PUMPS UNLESS THEY ARE OPERATIONAL.

1. Feed an approximately 15 percent (by vol.) Ethanol-Toluene solution into a water-filled pulse-column.
Measure Ethanol concentration in the feed mixture. Extract Ethanol from dispersed-toluene using pure
water as extraction solvent in continuous phase.

2. At a pulse frequency setting of no. 3.5 and amplitude setting at no. 15, set both Ethanol-Toluene and
water feed rates at 4 ml/s and set the water-toluene interface at the middle of the upper chamber by
adjusting a balancing leg. Count the frequency in strokes/min for the pulse setting. Also estimate the
diameter of droplets. Measure the concentration of Ethanol in Toluene raffinate that comes out of the
extractor every 5 minutes until a steady-state is attained which is indicated by a stable value of
concentration.

3. Adjust the water feed rate to 7 ml/s and then to 10 ml/s. Measure the concentration of Ethanol in
raffinate.Obtain a stable value of concentration before varying to other flow rates.

4. Set all pumps to zero setting and shut down the unit.

5. Demonstrate all results and discuss the effect of changing operational parameters, i.e. the effects of
changing relative flowrates of light and heavy-phases on the raffinate compositions. Also answer the
following questions.

Q.1 Draw an outline diagram of the plant and on it clearly mark:
Q1.1) The light-phase and heavy-phase flow path.
Q1.2) The position of the interface.
Q1.3) The main column and balancing leg connected as a U-tube.
Q.2 Q2.1) What is meant by counter-current flow and co-current flow? Explain.

Q2.2) Which flow pattern is used in this experiment?
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LIQUID-LIQUID EXTRACTION

DATA SHEET
Experiment Date:..................
By: Supervisor:.................... Student ...
Student ...l Student ...
Student ...l Student ... ...
Student ...l Student ...
Run no.1 Run no.2 Run no.3
TOL flowrate......... ml/s TOL flowrate......... ml/s TOL flowrate......... ml/s
Water flowrate....... ml/s Water flowrate....... ml/s Water flowrate....... ml/s

Pulse-frequency no.......

Pulse-amplitude no.......

Pulse-frequency no.......

Pulse-amplitude no.......

Pulse-frequency no.......

Pulse-amplitude no.......

Time,min

RI | %Ethanol

FEED

0

5

10

15

20

25

30

Pulse-freq...... stroke/min

Droplet dia

Time,min

RI | %Ethanol

FEED

0

5

10

15
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25

30

Pulse-freq...... stroke/min

Droplet dia
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EXPERIMENT 2

Objective

To demonstrate the effect of change in pulse-frequency on extraction performance.

NOTE : DO NOT ALTER THE STROKE LENGTH OR FREQUENCY OF THE PUMPS UNLESS

THEY ARE OPERATIONAL.

1. Feed am approximately 15 percent (by vol.) Ethanol-Toluene solution into a water-filled pulse-column.
Extract Ethanol from dispersed-toluene using pure water as continuous phase. Measure Ethanol
concentration in the feed mixture.

2. At Ethanol-Toluene solution and water feed rates at 4 and 10 ml/s respectively, set the pulse-amplitude
at no. 10 and pulse-frequency at no. 1.0 while keeping the water-toluene interface at the middle of an
upper chamber by adjusting a balancing leg. Count the frequency in strokes/min for the pulse setting.
Also estimate, in millimeters, the pulse stroke-length and average droplet diameter on the column.
Measure the concentration of Ethanol in Toluene that comes out of the extractor every 5 minutes until
a steady-state is attained which is indicated by a stable value of concentration.

3. At the same feed rates as above, adjust the pulse-frequency from no. 1.0 to no. 3.5 and then to no. 6.0
At each frequency measure the concentration of Ethanol in raffinate and obtain a stable value of
concentration before varying pulsing frequency to other values. Also count the frequency in strokes/min
for each setting.

4. Set all pumps to zero setting and turn off the unit.

5. Demonstrate all results and discuss the effect of changing pulse-frequency and pulse-amplitude no
column performance. Also answer the following questions:

Q.1 Explain briefly the general mechanism by which the pulse-frequency affects efficiency.

Q.2 Why does an alteration in pulse-frequency cause the interface level to change?
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LIQUID-LIQUID EXTRACTION

EXPERIMENT 2
DATA SHEET
Experiment Date:..................
By: Supervisor:.................... Student ...
Student ... Student ...
Student ... Student ...
Student ... Student ...
Run no.1
TOL flowrate......... ml/s Run no.2 Run no.3
Water flowrate....... ml/s TOL flowrate......... ml/s TOL flowrate......... ml/s
Pulse-frequency no....... Water flowrate....... ml/s Water flowrate....... ml/s
Pulse-amplitude no....... Pulse-frequency no....... Pulse-frequency no.......
Time,min | RI | %Ethanol Pulse-amplitude no....... Pulse-amplitude no.......
FEED Time,min | RI | %Ethanol Time,min | RI | %Ethanol
0 FEED FEED
5 0 0
10 5 5
15 10 10
20 15 15
25 20 20
30 25 25
30 30
Pulse-freq...... stroke/min
Pulse-amplitude....... mm Pulse-freq...... stroke/min Pulse-freq...... stroke/min
Droplet dia............. mm Pulse-amplitude....... mm Pulse-amplitude....... mm
Droplet dia............. mm Droplet dia............. mm
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LIQUID-LIQUID EXTRACTION

EXPERIMENT 3

Objective

To demonstrate the effect of change in pulse-amplitude on extraction performance.

NOTE : DO NOT ALTER THE STROKE LENGTH OR FREQUENCY OF THE PUMPS UNLESS

THEY ARE OPERATIONAL.

1. Feed an approximately 15 percent (by vol.) Ethanol-Toluene solution into a water-filled pulse-column.
Extract Ethanol from dispersed-toluene using pure water as continuous phase. Measure Ethanol
concentration in the feed mixture.

2. At Ethanol-Toluene solution and water feed rates at 4 and 10 ml/s respectively, set the pulse-amplitude
at no. 3.5 and pulse-frequency at no. 5 while keeping the water-toluene interface at the middle of an
upper chamber by adjusting a balancing leg. Count the frequency in strokes/min for the pulse setting.
Also estimate, in millimeters, the pulse stroke-length and average droplet diameter on the column.
Measure the concentration of Ethanol in Toluene that comes out of the extractor every 5 minutes until
a steady-state is attained which is indicated by a stable value of concentration.

3. Set pulse-frequency to no. 3.5 Vary the pulse-amplitude setting from no. 5 to no. 10 and then to no. 15.
At each amplitude, estimate the pulse stroke-length and average droplet diameter in the column.
Measure the concentration of Ethanol in raffinate every 5 minutes and obtain a stable value of
concentration before varying pulsing stroke-length to other values.

4. Set all pumps to zero setting and turn off the unit.

5. Demonstrate all results and discuss the effect of changing pulse-frequency and pulse-amplitude no
column performance. Also answer the following questions:

Q.1 Explain briefly the general mechanism by which the pulse-amplitude affects efficiency.

Q.2 Why does an alteration in pulse-amplitude cause the interface level to change?
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LIQUID-LIQUID EXTRACTION

EXPERIMENT 3
DATA SHEET
Experiment Date:..................
By: Supervisor:.................... Student ...
Student ... Student ...
Student ... Student ...
Student ... Student ...
Run no.1 Run no.2 Run no.3
TOL flowrate......... ml/s TOL flowrate......... ml/s TOL flowrate......... ml/s
Water flowrate....... ml/s Water flowrate....... ml/s Water flowrate....... ml/s
Pulse-frequency no....... Pulse-frequency no....... Pulse-frequency no.......
Pulse-amplitude no....... Pulse-amplitude no....... Pulse-amplitude no.......
Time,min | RI | %Ethanol Time,min | RI | %Ethanol Time,min | RI | %Ethanol
FEED FEED FEED
0 0 0
5 5 5
10 10 10
15 15 15
20 20 20
25 25 25
30 30 30
Pulse-freq...... stroke/min Pulse-freq...... stroke/min Pulse-freq...... stroke/min
Pulse-amplitude....... mm Pulse-amplitude....... mm Pulse-amplitude....... mm
Droplet dia............. mm Droplet dia............. mm Droplet dia............. mm
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4

GAS ABSORPTION

PACKED COLUMN ABSORBERS

Introduction

Gas absorption is a mass transfer operation in which a gas mixture is contacted with a liquid, whose
volatility is low under process conditions, to preferentially absorb one or more of the components of the gas
stream. Mass transfer in this context means the redistribution of molecules (or fluid elements) between a gas
and a liquid phase under the influence of a potential or driving force, resulting in a change of composition.
This kind of absorption is found in many industries for the resulting in the recovery of valuable products and
cleaning of exhaust or vent streams. If necessary the solute can be recovered from the absorbing liquid by
distillation and the liquid can be recycled or it can be discarded completely.

Experiments show that the general express for the rate of mass transfer (or rate of absorption) is:

N, =k,(C,,-C,,) (1.1

where N, = mass (number of moles) of component A transferred across unit area in unit
time, i.e. N, is a rate of transfer,
k, = mass transfer coefficient for component A,
(C,,-C,,) = driving force, which is a concentration difference for component A between

locations 1 and 2.

It is essential to emphasize that the driving force for gas absorption is based on the difference between actual
and equilibrium conditions The equilibrium condition is that the amount of solute that continues to dissolve
equals the amount coming out of solution and reentering the gas phase. Equilibrium concentrations are

derived from solubility and partial pressure relationships as discussed in Section2.

The mass transfer coefficient can be taken as a measure of the ease (or efficiency) of the transfer; the larger
k,, the easier the transfer. Consider the transfer of gas across the interface to liquid as shown below:

Interface

90



Liquid Gas

The numerical value of the mass transfer coefficient will depend on the basis of definition, and thus the
transfer can be considered with respect to either the gas phase of to the liquid phase. Therefore, based on
equation (1.1):

(1.2)
(1.3)

N, = kAOG(CAG'CAGe)
N, = kAOL(CALe'CAL)

= mass transfer coefficient based on the overall gas phase composition,

Where k,qq
expressed as a concentration.
k.o = mass transfer coefficient based on the overall liquid phase.
C,; = concentration of gas A in the bulk gas phase.
Cypee = concentration of A in the gas phase, in equilibrium with the bulk liquid of
concentration C,; .
C,. = concentration of A in the bulk liquid phase.
C,. = concentration of A in liquid phase, in equilibrium with the bulk gas of

concentration C .
Equations (1.2) and (1.3) can be express in different units, either on partial pressure or mole fraction

N, = kAOG(CAG'CAGe) (1.2)
N, =k x06(PacPace) (1.4)
(1.5)

N, = koroa(YacYace)

where p,; = partial pressure of A in the bulk gas phase

Page = partial pressure of A at equilibrium with C,;

mole fraction of A in the bulk gas phase

or Yac

Yage = mole fraction of A at equilibrium with C,;
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In all cases N, must be the same, and the numerical values of k’s must differ because C = p =y. Note that

i)
_ kAO

Kipog = € where P = total pressure

Theory

1. Pressure, Partial Pressure, and Solubility
General properties of a pure gas is predicted by the ideal gas law (no interactions between gas

molecules):

PV = nRT (2.1.1)

where P = total pressure
V = volume
n = number of moles of gas

T = temperature.

In the case of gas mixtures, to is also possible to relate weight and volume proportions, as Avogadro’s
Law states that under equal conditions of temperature and pressure, equal volumes of gases contain equal
volumes of gases contain equal number of molecules. This can be put in another way by saying that in a gas
mixture, volume fractions will be proportional to mole fractions. (Note: At 0° C temperature and 1 atm

pressure, the volume occupied by 1 mol of any gas is 22.4 liter)

2.2 Fundamental Principles

Theoretical basis for effects of various parameters on absorption efficiency is still unclear. The
approach is to express the results of a large amount of experimental work as a series of empirical
relationships. For example a number of different workers have shown that foe a packed tower absorber

operate at a constant liquid flow rate:

n

Kpoga= OL-G (2.2.1)

where Ol and n are constants, depending on the particular system and G is the gas flow rate.
The efficiency of a gas absorber can be determined in a number of ways including:

(i) Percentage absorption

92



(fraction absorption or degree of absorption)
(ii) Mass transfer coefficient
(An absorber with large mass transfer coefficient is more effective, and its
dimensions can be predicted.)

(iii) Height Equivalent to a Theoretical Plate (HETP) and Number of Theoretical
Plates (NTP)
(The tower height is the product of HETP and NTP)

(iv) Height of a Transfer Unit (HTU) and Number of Transfer Units (NTU)
(HTU = HETP and NTU = NTP only when operating and equilibrium lines are
not only straight, but also parallel.)

The NTU method is theoretically more satisfying in that the theory behind it is based on continuous

contact mass transfer models. The NETP has no theoretical basis and is evaluated empirically.

2.3 Transfer units of a packed tower

Mass balance in conjunction with the mass transfer equation and Henry’s law can be used to derive
an expression for the height of the packed tower, required to achieve set terminal conditions, i.e. liquid and
gas composition at inlet and outlet .

Consider a gas with soluble component content of y, mole fraction at the inlet rising a small distance,
dh, up a tower, down which the absorbing liquid is flowing as shown in Figure 1.

From equation (1.5), the mass transfer can be written in terms of mole fraction for the overall gas

phase as,

N, = kopoaYacYace) (1.5)

The change in volume, dV, contained on the incremental height, dh, is defined as

dv = S-dh (2.3.1)

where S = cross-sectional area
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Gy, GASIN L’y X,

Figure 1 Incremental Changes in the Composition If Gas and
Liquid Stream in a Counter-current Absorber.
y, and y,, X, and x, are mole fractions of solute in gas and bottom, respectively. Subscript 1 and
2 denote the levels of the column top and bottom, respectively. As dealing with dilute mixtures,
G’,, and L’,;, or mean total flow rates, are considered to be close to inlet flow rate values of the

gas and liquid streams, respectively.

Let a = surface area for exchange per unit volume of packing, thus the change in the surface area foe

exchange is then given by,

da = a-S-dh

Consequently, N,da = Koyog @ S(YagYace) 'dh

However, the rate of transfer of the component a across the boundary must be equal ti the change within the

incremental height, so that
N,da = G’\ydy (2.3.3)

Where G’,, is the total molar flow rate of gas, and

G’yrdy = Kepog @ S(YagYace) "dh (2.3.4)

Rearranging and integrating equation (2.3.4) over the tower height,

h Ya2
[ = Ep—}
0 y K"ao6'@  (Yac = Yace)

Al

(2.3.5)
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M . .
where G,, = —— = molar flow rate of gas per unit cross-section of tower.

This is a general equation, applicable to overall changes in the gas phase. If the change in gas-phases
composition is small, i.e. a small percentage absorption or a dilute feed, and if k., is constant over the
whole column, which is usually true for a low concentration of soluble gas, then these G’; and k.., can be

removed from the integral, and the equation is

)
h = [ "GM JI dy (2.3.6)
K" pos 2 yl(y_ye)

(dropping the subscript AG for convenience since only the soluble component is dealt with here).

The integral term is dimensionless and is called the number of transfer units (NTU,;),where the subscript
shows that NTU,; is based on the overall driving force for the gas phase. The other term in equation (2.3.6)
has the units of length and is called the height of a transfer unit (HTU ). Thus, the packed height is then

equal to
Packed height = NTU; x HTUq (2.3.7)

As HTU, contains the mass transfer coefficient, it is a measure of efficiency. The smaller HTU y,
the more efficient the system in bringing about absorption. Furthermore, because NTU, indicates the degree
of difficulty of the absorption process, a high NTU, value corresponds to a difficult separation.

The HTU,; should decrease with decreasing gas flow rate (velocity) because the gas and liquid can
be in contact for longer, allowing a more complete transfer for any section of packing. However, the change
in HTU, with gas flow rate is mot simple. As shown in equation (2.3.6), since the mass transfer coefficient
also changes, these two effects partly cancel. Consequently, the HTU is relatively constant.

To easily determine NTU,, which is a function only of compositions, assume the gas mixture is
dilute and that the gas and liquid flow rates are essentially constant, as shown in Figure 2.3.1, a mass balance

can be constructed from the top of the column (x,,y,) such that

Gy y+tLlyx, =Gy y, +L7 - x (2.3.8)
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and of fresh solvent is used, then x, = 0, so that

G
X = (_M].(y_ Y,) (2.3.9)
LM

From Henry’s law, y,=H-x (2.3.10)

Where y, is the composition of gas in equilibrium with liquid composition x.

1
Thus, y-y. = yH x= Yo (y-y») (2.3.11)
1 G, , .
where — = ——- H, and A is called absorption factor.
M

The NTU, is can now expressed as,

Y2

dy

NTUy; = I 1 y (2.3.12)
Y1 [1 — jy + J2
A A

NTU,, = -In (2.3.13)

Where f o fractional absorption of solute = 1- Y2

Ya

For a dilute gas mixture, no absorption of inert components, and effectively constant mass flow,

NTU, is

Yi— Y,

NTU, =
AY

(2.3.14)
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(yl - yle) - (yz — y2e)
In (yl - yle)
(yz _yZe)

(2.3.15)

where Ay .y =

2.4 Types of Packing for Tower Absorbers

There has been a large amount of effort invested in designing and testing alternative forms of
fabricated packings. Figure 2 shows some of them. They can be made with a wide range of materials,
stainless steel or acid proof storeware, for example. Some shapes may provide good gas flow characteristics

(particularly for mesh packings).

Intalox -
Berl saddle Saddle. Raschig
ring

Tellerette

Lessing ring Pall ring

Figure 2 Some Types of Tower Packing:

2.5 Operating Conditions: Problems with High Gas Flow

A major restriction on the sizing of practical packed-tower absorbers are the interactions of gas and
liquid flows The characteristic relationship between pressure drop and gas and liquid flow rates is shown in
Figure 3

The pressure drop for any constant liquid rate follows the same characteristic shape as the gas rate
is increased. At low gas velocities, the pressure drop is approximately proportional to the square of gas

velocity, rather similar to the dry tower effect, but above a certain critical point the pressure drop begins to
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increase more rapidly. Now the pressure drop is approximately equal to the cube of gas velocity. Finally, as
the gas rate rises further above a second critical point, the pressure drop increases very rapidly.

The first critical point is called the loading point, the second critical point is called the flooding
point. At the loading point, the liquid flow is reduced due to the increased gas flow; liquid is held in the void
space between packing. Once the flooding point is reached, the liquid stops flowing altogether and collects
in the top of the column due to very high gas flow.

Loading can result in an increase in column efficiency as measured by an increase in mass transfer
coefficient and this is attributed to better liquid distribution and wetting of the packing, together with greater
turbulence on gas and liquid. However, as flooding occurs, a large pressure drop takes place across a packed
bed, and thus efficiency drops off again.

Loading and flooding points depend not only on gas and liquid velocities, but also on other
characteristics of the column, such as:

(i) type of packing (e.g. saddle, ring etc.)
(i1) packing size

(iii) mode of packing (dumped, stacked).

Log AP | Increase liquid
h rate
Flooding points
Dry packing

Gas Velocity —*

Figure 3 The relationship between pressure drop and gas velocity for dry packings and wet packings below

the flooding point. AP oc v
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Description of the Gas Absorption Plant

As shown in Figure 4, the unit consists of three individual packed absorber columns utilizing
geometric packing shapes to aid in the contact between the gases and the contacting liquid, operating at
atmospheric pressure. Each column has the same overall dimensions but contain a different type of packing.
The columns are arranged so that they can be operated independently, and consequently the performance
characteristics of each of the packings can be separately evaluated and directly compared. This is achieved
by recirculating water down the columns and passing air up through them. In addition, the columns can also
be used to study the absorption of a solute gas from a mixture of gases (e.g. NH; in air). Thus, the absorber
columns can be used to study and demonstrate the basic aspects of packed tower absorption. All necessary

instruments and sample collecting facilities are provided.

Safety Instructions for Students

(i)  Students must mot carry out laboratory work without the supervision of your T.A.

(ii) Plastic gloves and goggles must be worn when handling corrosive liquids.

(iii) The working place must be well ventilated.

(iv) When working with solvents or gases other than air, ensure that the apparatus is adequately vented.

(v) Smoking is forbidden in all laboratories.

(vi) Ensure that the gas cylinder supplying the solute gas (NH,) is secure, safe, and connected

(vii) Do not feed NH, to the absorber until the air supply is on and there is water passing sown the column.
Failure to do so will allow NH, to escape into the immediate atmosphere, causing respiratory irritation,

skin burns etc.

General Start-up Procedure

1. Start-up Liquid Flow
(i) Choose the column to be operated
(ii) Check if every valve is closed and then open only inlet and outlet valves for liquid of the chosen
column. Also open the pump discharge valve FCV4 slightly.
(iii) Ensure that the recirculation vessel is charged with water and that the liquid level is satisfactory

(~half of the vessel).
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(iv) Inspect the equipment visually for glass breakage and leakage.

(v) Start the pump.

(vi) One may need to open FCV... and periodically increase/decreases the flow rate by adjusting FCV4
for bubble elimination inside the tube. When finished, close FCV...

(vii) Adjust the water flow rate to the desired and try to maintain the flow rate and the level in the vessel.
Wait for about 30 minutes before proceeding to section 5.2 to ensure complete wetting of the

packing.

Start-up Air Flow

(i) Check if every gas inlet valve id closed and then open only inlet valve for gas of the
chosen column.

(ii) Ensure that the compressed air supply is at a suitable pressure (~2 bar).

(iv) Slowly open the air feed valve FCV1 and adjust it to give the required flow rate.

EFSLOENT
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| 9
. ._‘\-_@7_.__..] B
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COMPRESSED sSowwBLE
= GAS

Figure 4 The Gas Absorption Plant.
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Packed columns (80 mm dia x 1.3 m. Height):

No.1 7 mm Glass Raschig Rings REF FC7
No.2 10 mm Glass Raschig Rings REF FC10
No.3 4"Ceramic Intalox Saddles

3. Start-up Mixed Gas Flow
(i) Check if every gas inlet valve is closed and then open only inlet valve for gas of the chosen
column.
(ii) Set-up for pure air flow (follow the step ii and iii in section 5.2)
(iii) Set the pressure regulator attached to the NH, gas cylinder to ~ 1 bar.

(iv) Slowly open the solute feed gas valve FCV2 and adjust to give the required flow rate.

General Shut-down Procedure

1. Shut down NH, Flow
(i) Shut off NH, supply at the gas cylinder and allow the remained gas flow before

closing valve FCV2 and proceeding to the section 6.2

2. Shut down Liquid Flow
(i) Turn off the faucet and quickly switch off the pump.

(i) Allow water in the column drain.
3. Shut down Pure air Flow
(i) Let the air flow for a few minutes in order to dry most of the area inside the column.

(i1) Shut off the air supply at the cylinder and allow the remained air flow.

Operating Considerations

(i) Do not open flow meter feed valves abruptly. Open it slowly to prevent pressure surges to the
equipment.
(ii)) Do not exceed the maximum flow rates on the flow meters.

(iii) Sampling of liquid is achieved through valve V11. Ensure that suitable sampling containers are used.

101



GAS ABSORPTION

EXPERIMENT 1

Objectives

(i) To demonstrate the absorption of ammonia gas from air by contacting the gas mixture with water in a
counter-current packed tower.

(i)  To estimate the number of transfer units (NTU ;) for the system under the conditions used.

(iii) To use literature correlations to estimate the height of a transfer unit (HTU ).

(iv) To calculate the estimated tower height (packed height) and to compare this with the actual (measure)

height.

Background

One of the main methods used for the determination of the height of absorber towers is through the used of
the number of transfer units and height of a transfer unit. The height requirement is then given, with respect

to overall mass transfer coefficients, as

h = HTU,; x NTU,,

Under normal conditions the equilibrium curve for the soluble gas is in fact a curve and the (NTU ;) must
be evaluated using graphical integration methods. But when the gas mixture id dilute, and the equilibrium

curve approximates to a straight line, then the (NTU,,;) can be directly calculated.

To estimate the (HTU) the value of k., a is needed to determine. Because a strong reliance is placed
on the use of empirical equations, if is important that the best possible estimate be used to evaluate k.., a
, and that great care must be taken when applying these correlations to ensure that the conditions used to

derive the correlation equation are appropriate to the actual operating conditions.
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Method

Read sections 5-7 first to ensure you fully understand all safety precautions and operating considerations.

(i) Choose a column and carry out the start-up procedure.

(ii) Set the water flow rate to 2 litter/min. Wait for a few minutes before performing a
blank titration.

(iii) Set the pure air and the NH, flow rates to achieve the ammonia concentration of 1.5
%v/v. (Note for the safety operation, a range of the NH, flow rate values 0.3 — 1.0
litter/min. is suggested)

(iv) Wait for 7 minutes before beginning sample collection from sample valve V11.
Collect liquid sample every 2-3 minutes for about 3 times or until steady state
conditions have been reached (see the next step).

(v) Titration: Add identically 2 drops of methyl orange to each of two beakers
containing 25 cm’ of effluent. Titrate samples in both beakers with 0.1 M
Hydrochloric acid. Record the titrant amount used and liquid temperature.

(vi) Proceed to the next experiment.

Example of Calculations : The Absorption of SO, from Air by Water

1. Construct an Equilibrium curve for the SO,/H,O system at 15 °C (operating temperature).

mol fraction in gas (yx 10°) mol fraction in solution (x X 10%)
0.40 0.056
1.10 0.140
2.90 0.280
5.00 0.442
7.50 0.566
13.20 0.845
17.45 1.000

2. Construct an Operating Line: determine x, y,, X, and y,.

Already known:

X, = mol fraction of SO, in water entering the absorber = 0

y, = mol fraction of SO, in air entering the absorber
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= volume fraction (for gas) = =0.0164

(60+1)
Unknown:
x, = mol fraction of SO, in water leaving the absorber

y, = mol fraction of SO, in air leaving the absorber

x, is determined by titrating samples collected after the absorption reaches the steady state, and in

turn y, will be easily obtained.

Titration:

Two reactions occur:

I,+2Na,S,0, *—=  2Nal+Na,S,0, (8.2.1)

I, + S0, +2H,0 & 2HI+H,SO, (8.2.2)

Note : I, is used as an indicator, and 0.1 M Na,S,O is standard solution.

As shown, I, reacts with Na,S,0, and SO, on 1:2 and 1:1 bases, respectively.

Data from titrations: 25 cm’ of effluent is used.

The iodine blank (no presence of SO,) requires 39.0 cm’ of 0.1 M Na,S, 0.

The residual iodine (steady state) requires 28.7 cm’ of 0.1 M Na,S,0,.

.. # moles of I, reacting with SO, is equivalent to 10.3 cm’ of 0.1 M Na,S,0,, or

0dmol g 15,10 “mol 1,
00cm

Thus, # moles of SO, in 25 cm’ of effluent = 5.15x10™* mol SO,

= %x10.3cm3 X

However, total liquid flow rate = 2 liter/min = 2000 cm’/min
2000cm® / minx5.15x10~*mol SO,
25 c¢cm®

# moles of SO, in liquid phase leaving the absorber =

= 0.0412 mol/min

# moles of water leaving the absorber = # moles of water entering the absorber
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2000cm® / minx1g /cm®
18g/mol

111.1 mol/min

Hence, x, = &: 3.71x10™ #
0.0412+111.1

From the Experiment:

The volumetric flow rate of SO, entering the absorber at 15 °C = 1 liter/min

From the ideal gas law, assuming constant pressure and the number of moles,

thus — = constant.
T

Vosk  Vagsx 273K 273K

—cR 28R nd V =—72»:1V =———.1 liter/min
273K 288K 2K oggK ¢ 288K

= 0.95 liter/min

Therefore,

Since at STP, 22.4 liter is equivalent to 1 mol,

0.95liter / minx1mol
22 Aliter
=(0.0424 liter/min

The amount of SO, entering the absorber =

# moleSO,absorbed in the liquid ~0.0412

: - = =96.2%
# moleSO, input in the gas 0.0424

The percentage of SO, absorbed =

Therefore, SO, remaining in the gas phase = 100 — 97.2 = 2.8%

1liter / minx 2-8
100 ~0.00047 = y,
60liter / min+ (Lliter / minx 2-%00

New volume fraction =

Now an operating line can be drawn as shown in Figure 5:

(x,, 7)) =(037x10",16.4x107) and (x,, y,) = (0,0.47x 10°).
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y * 10°
(mol fraction 18 - &1,y
in gas phase)  4g K
Operating line
14 -
12

Equilibrium

10 line
8 &
6 -
x x 10°
47 (mol fraction
2 in solution)
X2,
( 2 YZ)—O> 0 1 T - I I T g
0 02 04 06 08 1 1.2

Figure 5 Operating and Equilibrium Lines of the SO,/H,O System.

3. Determine NTU,

From NTU,, = S22 (2.3.14)
LM

Where Ay = YY) = (¥ = Vo) 23.15)
In (yl B yle)
(yz - yZe)

(x,, 7)) =(037%10",16.4x107) and (x,, y,) = (0, 0.47x 10°).

(mole fraction of SO, input in the gas phase
YIe:

. el ] ) . = (obtained from Figure 5)
in equilibrium with solution composition X,

(mole fraction of SO, remaining in the gas phase
YZe:

. R . . " = 0 (obtained from Figure 5)
in equilibrium with solution composition x,,

— — _ _3_ -3 _ _3_
Therefore, Ay, _ V= Yie) = (Vo = Vo) (16.4x10 4.3x1c_)3 ) (0.47:10 0)
in 1= Yie) 1 (16:4x107 —4.3x10°)
(Y2 = Yze) (0.47x107° - 0)

=3.58%X10°
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Yi—Y, _16.4x10° ~0.47x10°°
3.58x10°

and NTU; = =4.45~4.5

Yim

4. Determine HTU,,

Obtained from correlation based on 100% wetting of the packing,
(k o @) for SO, =5.55X 10" kmol's" m” (kNm™>)”

But this was not quite true. Usually the wetting under the conditions of this experiment is low; perhaps 50%
of the total area is unavailable for effective transfer. Therefore, the corrected correlation value can be reduced

by a factor of 2

5.55x107* } a4 - 2
(k’AOG. a)corrcctcd = T = 277 X 10 ) km01 S 1 m ’ (kNm 2) ]

kll .a -
—( pos ) where P = total pressure = 1 atm = 101.325 kNm :

HTU,, = "GM == Cu
k poG @ k Aoe'a'P

Cross-sectional area of the absorber, S, = 7 - r’=rx- (O.O4m)2 =0.005m’

Since(k. g @)=

Gwm _ 273K 1mol  60liter/min 1min lkmol

= : : . =8.46x103kmol m2 s™
S 288K 22.4liter  0.005m? 60s 1000mol

G, =

( G,, J 8.46x10°kmol m~? s
Finally, HTU g =

K"sos@ P ) 2.77x10™*kmol m~ s (kNm~?)-101.325kNm
=30m

5. Determine the Height of the Absorber

h=HTUy,X NTUpg =0.30 m X 4.5=1.35m.
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GAS ABSORPTION

EXPERIMENT 2

Objectives

To demonstrate the effect of gas flow rates (at constant liquid flow rate) on absorber efficiency.

Background

The efficiency of a packed column can be discussed in terms of mass transfer coefficient or on the basis of
the HTU. The former approach is not too helpful as mass transfer coefficients vary with operating conditions.
For example, the mass transfer coefficient depends on the gas flow rate. Nonetheless, the transfer unit

concept is mot independent of the mass transfer coefficient, because the mass transfer coefficient is in fact

Gy
HTUy= | =7
k aoc ‘&

Thus for HTU the variation in k”, is offset by the change in GM*, so HTUy is relatively constant. For

embedded in the HTU definition, as

this reason, discussions of efficiency are commonly based on the HTU approach.

*For a packed tower absorber operated at a constant liquid flow rate:
K'yog@a=a-G" (a)

Where ¢ and n are constants, depending on the particular system and G is the gas flow rate.

N

= (b)
V(Ap.y)

In addition, K'yos @
Where N is the total mass transfer of material (solute), V is volume of the packed bed, and Ap,,, is log mean
of driving force expressed in partial pressure.

Equate equation (a) and (b) to obtain

N

——— = a-G" (c)
V(Apuw)
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Since V and Ap,,, are constant due to using a dilute gas mixture,

N=¢a' - G" (d)

and logN = log a'+nlog G (e)
Method

Read sections 5-7 first to ensure you fully understand all safety precautions and operating considerations.
@) Continue from the experiment 1. Make certain that the water flow rate is 2 liter/min.
(i)  Employ different NH, and air flow rates which still give the concentration of the
mixed flow 1.5 %v/v.
(i)  Wait for 7 minutes before beginning sample collection from sample valve V11.
Collect liquid sample every 2-3 minutes for about 3 times or until steady state
conditions have been reached (see the next step).
(iv)  Titration: Add identically 2 drops of methyl orange to each of two beakers containing
25 cm’ of effluent. Titrate samples in both beakers with 0.1 M Hydrochloric acid.
Record the titrant amount used and liquid temperature.

W) Repeat for the other two pair values of air and NH, flow rates.
Note: NH,+H,0 —» NH,0H — NH, +OH
«— «—
—
NH,OH + HCl <«—— NH,Cl+H,0

— .
H-MeOr «— H + MeOr

(red) (yellow)

Based on a theoretical expression for 100% wetting,
k' pog & = 8x 10° (G)O'S(L)OA; G = gas flow per unit area (kg m> s'l)
L = liquid flow per unit area (kg m’ s

K'nog@ = kmols" m” (kNm”~)"
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Appendix 1

Solubility data given by Perry"

X Yaoee Y30 Yaoc
0.0308 0.0239 0.0389 0.0592
0.0406 0.0328 0.0528 0.080
0.0503 0.0417 0.0671 0.1007
0.0735 0.0658 0.1049 0.1579

ForNH, — NH

3 (aq)?

aPery, J.H. Chemical Engineers’ Handbook, 6" ed. New York: McGraw=Hill, 1984, p. 3-101.

Choose y’s at temperature condition close to that of the liquid stream leaving the column.
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Appendix 2

MATERIAL SAFETY DATA SHEET

ANHYDROYS AMMONIA
DISTRIBUTOR:
W.D.SERVICE COMPANY, INC.
780 CREEK ROAD, P.O.BOX 147

BELLMAWR, NJ 08099

CORPORATE EMERGENCY TELEPHONE NUMBER: 856-931-6100, 24 HOUR: 800-827-9560

DESCRIPTION
CHEMICAL NAME: Ammonia, Anhydrous CAS REGISTRY NO.7664-41-7
SYNONYMS: Ammonia, Liquefied
CHEMICAL FAMILY: Ammonia FORMULA: NH3 MOL. WT: 17.03(NH3)

CIMPOSITION: 99+% Ammonia.

STSTEMENT OF HEALTH HAZARD

HAZARE DESCRIPTION: Irritant And corrosive to skin, eye, respiratory tract and mucous membranes.

May cause severe burns, eye and lung injuries. Skin and respiratory related diseases aggravated by exposure,
Not recognized by OSHA as a carcinogen. Not listed in the National Toxicology Program annual report. Not

listed as a carcinogen by the International Agency for Research on Cancer.

EXPOSURE LIMITS: 50 ppm PEL — Federal OSHA

25 ppm TWA — NIOSH
35 ppm STEL — NIOSH

300 ppm IDLH — NIOSH

EMERGENCY TREATMENT

EFFECTS OF OVEREXPOSURE: Eye: lachrymatoin, edema, blindness. Skin: irritation, corrosive burns,

blister formation. Contact with liquid will freeze he tissue, then produces a caustic burn. Inhalation: heavy,

acute exposure may result in severe irritation of the respiratory tract, glottal edema, bronchialspasm,
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pulmonary edema and respiratory arrest. Chronic effects: bronchitis. Extreme exposure (5000 ppm) can

cause immediate death from spasm, inflammation or edema of larynx.

EMERGENCY AID: Skin: flush with copious amounts of water while removing contaminated clothing

and shoes. Do not rub, or apply ointment on affected area. SEEK IMMEDIATE MEDICAL HELP.
Ingestion: if conscious, give large amount of water to drink. Refer immediately to physician. Eye: flush with
copious amounts of water for 15 min. Eyelids should be held apart and away from eyeball for thorough
rinsing. SPEED AND THOROUGHNESS IN RINSING THE EYE IS MIST IMPORTANT ON
PREVENTING LATENT PERMANENT INJURIES. Inhalation: remove the fresh air. Administer oxygen

or artificial respiration if necessary.

PHYSICAL DATA
BOILING PT: -33 °C (-28 °F) FREEZING PT: -78°C (-108 °F)
VAPOR DENSITY (Air=1): 0.596 @ 0 °C VAPOR DENSITY (Air=1): 0.6
(32 °F)
VOPR PRESSURE: 10 atm @ 25.7°C SOLUBILTY IN WATER: 89.9 g/100cc @ 0 °C,
7.4 g/100cc @ 0 °C

SPECIFIC FRAVITY (H20=1): 0.682 @ 4°C (39 | EVAPORATION RATE (Water=1) Faster than

°F) water

PERCEN VOLATILE: 100% SURFACE TENSION : 23.4 Dynes/cm @ 11.1 °C

APPEARANCE & ODOR : Coloress gas/liquid

and pungent odor
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FIRE AND EXPLOSION HAZARD DATA

FLASH POINT: None

AUTOIGNITION 651 °C (1204 °F) catalyzed by iron;

850 °C (1562 °F) uncatalyzed

FLAMMABLE LIMITS IN AIR: LEL 15% UEL 28%

EXTINGUISHING MEDIA: Non-combustible

SPECIAL FIRE-FIGHTING PROCEDURES: Must wear protective clothing and respiratory
protection. See PROTECTIVE EQUIPMENT. Stop source of possible. Cool fire exposed containers with

water spray. Stay upwind and use eater spray to knock down vapor and dilute.

UNUSUAL FIRE AND EXPLOSION HAZARDS: Not GENERALLY A FIRE HAZARD. If relief

valves are inoperative, heat-exposed storage containers may become explosion hazards. Ammonia contact
with chemicals such as mercury, chlorine, iodine, bromine, silver oxide, or hypochlorites can form
explosive compounds. Special hazards with chlorine to form chloramine gas, also a primary skin irritant

and sensitizer. Combustion may form toxic nitrogen oxides.

CHEMICAL REACTIVITY

STABILITY: Stable at room temperature. Ammonia will react exothermically with acids and water

CONDITIONS TO AVOID: Avoid mixing with sulfuric acid of other strong mineral acids. Avoid
mixing with hypochlorites (chlorine bleach) of other halogens and sodium hydroxide. Avoid contact with
galvanized surfaces, copper, brass, bronze, aluminum alloys, mercury, gold, silver, and strong oxidizers.

Avoid heating.

HAZARDOUS DECONPOSITION PRODUCTS: Hydrogen and nitrogen gases above 450 °C (842 °F)

SPILL OF LEAK PROCEDURES
STEPS TO BE TAKEN: Wear respiratory protection and protective clothing, see PROTECTIVE
EQUIPMENT.Stop source if possible If Exposure concerns are present, stay upwind and use water spray

downwind of leak source to absorb ammonia gas and dilute. CAUTION: ADDING WATER DIRECTLY
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TO LIQUID SPILLS WILL INCREASE VOLATILIZATION OF AMMONIA, THUS INCREASING

POSSIBILITY OF EXPOSURE.

WASTE DISPOSAL: Listed as hazardous substance under CWA (40 CFR 1164.40 CFR 117.3 Reportable
Quantity 100Ibs. OR 45.4 kg) Classed as a hazardous waste under RCRA (40 CFR 261.32 Corrosive #
D002). Comply with all regulations. Suitably diluted product may be disposed of on agricultural land as

fertilizer. Keep spill from entering streams or lakes.

SPECIAL PROTECTION AND PROCEDURES

RESPIRATORY PROTECTION: MSHA/NIOSH approved respiratory protection with full face piece for

gas and vapor contaminants effective for anhydrous ammonia and able to be used for entry and escape in

emergencies. Refer to 29 CFR 1910.134 and ANSI: Z88.2 for requirements and selection.

VENTILATION: Local exhaust sufficient to keep ammonia gas below Permissible Exposure Limits. Refer

to 29 CFR 1910.134 and ANSI: Z9.2 for requirements and selection.

PROTECTIVE EQUIPMENT: Splash-proof, chemical safety goggles, rubber gloves and boots to prevent

contact. Respiratory protection. Cotton work clothes recommended. Refer to 29 CFR 1910.134 for
requirements.
SPECIAL PRECAUTIONS

STORAGE AND HANDLING: Store in cool, well-ventilated area with containers tightly closed. OSHA

29 CFR 1910.111 prescribes handling and storage requirements for anhydrous ammonia as a hazardous

material.

WORK-PLACE PROTECTIVE EQUIPMENT: as discussed above should be near, but outside of

ammonia area. Eyewash and safety shower in immediate vicinity. See 29 CFR 1910.141 for workplace

requirements.

DISPOSAL: Ammonia is listed as a hazardous substance under FWPCA. See WASTE DISPOSAL.

Classified as RCRA Hazardous waste due to corrosivity.

PERSONAL: Avoid unnecessary exposure. Use protective equipment as needed. Do not wear contact

Ienses.
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LABELING AND SHIPPING

HAZARD CLASS: 2.2 (Nonflammable Gas) U.S. Domestic AND 2.3 (Poison Gas) International

PROPER SHIPING DISCRIPTION: Ammonia, Anhydrous, 2.2 UN1005, QR, International Hazard (U.S.

Domestic)
AND Ammonia, Anhydrous, 2.3, QR, Poison-Inhalation Hazard Zone “D” (International)

PLACARD/LABEL: Nonflammable Gas (U.S. Domestic) AND Poison Gas, Corrosive (Subsidiary)

(International)

IDENTITICATION NO: UN 1005

National Fire Protection Assoc. Hazardous Rating:

Hazardous Materials Identification System Labels:

ANHYDROUS AMMONIA
HEALTH 3
FLAMMABILITY 1
REACTIVITY 0
PERSONAL PROTECTION H

OTHER REGULATORY REQUIREMENTS
Under the Comprehensive Environmental Response, Compensation. And Liability Act of 1980 (CERCLA),
Section 103, any environmental release of this chemical to or over the reportable quantity of 100 lbs. must
be reported promptly to the National Response Center, Washington, D.C. (1-800-424-8802). Any consumer

product containing 5% or more ammonia requires a POISON label under FHSA (16 CFR 1500. 129(1)).
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The material is subject to the reporting requirements of Section 313, Section 304, Section 312, Title III of

the Superfund Amendments and Reauthorization Act of 1986 and 40 CFR 372.

EPCRA extremely hazardous substance, 40 CFR 355, Title III, Section 302-Ammonia, TPQ 500 Ibs.

Regulated under Clean Air Act 40 CFR 112 (r), TQ 10,0001ba.

EPA Hazard Categories-Immediate: Yes; Delayed: Noj; Fire: No; Sudden Release: Yes; Reactive: No

The information, data, and recommendations in this material safety data sheet relate only to the specific
material designated herein and do not relate to use in combination with any other material or in any
process. The information, data and recommendations set forth herein are believed by us to be accurate.

We make no warranties, either expressed or implied, with respect thereto and assume no liability in

connection with any use of such information, data and recommendations.

Revised: July, 1998
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5

BATCH TRAY DRYING

General Drying Behavior

In drying a wet solid with a gas o fixed temperature and humidity, one general pattern of behavior
always appears. Immediately after contact between the sample and the drying medium, the solid
temperature adjusts until it reaches a steady state. The solid temperature and the rate of drying may increase
or decrease to reach the steady-state condition. At steady state, a temperature probe would find the
temperature of the wet-solid surface to be the wet-bulb temperature of the gas, but here agreement would be
imperfect because of lag in movement of mass and heat. Once these stock temperatures reach the wet-build
temperature of the gas, they are found to be quite stable, and the drying rate also remains constant. This is
the so-called constant-rate drying period. The period ends when the solid reaches the critical moisture
content. Beyond this point. The surface temperature rises, and the drying rate falls off rapidly. The falling
—rate period may take a far longer time than the constant-rate period, even though the moisture removal may
be much less. The drying rate approaches Zero at some equilibrium moisture content which is the lowest
moisture content obtainable with this solid under the drying conditions used. Figure 1.1 and 1.2 show typical
drying curves, one on the basis of moisture content versus time and the other of the basis of rate of drying
versus moisture content. The moisture-content-time plot (Figure 1.1) is the form in which drying test data
might be obtained. Figure 1.2, the drying process. It is obtained by differentiating data in the form of Figure

1.1 and thus is subject to considerable scattering of data and resulting uncertainty.
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Figure 1 Typical drying curve for constant drying conditions, moisture content as a function of time.
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Figure 2 Typical drying rate curve for constant drying conditions, drying rate as a function of moisture

content.

118



These typical drying curves are related to the mechanism by which drying occurs. The drying period
represented by segment AB of the curves of Figure 1.1 and Figure 1.2 is the unsteady-state period during
which the solid temperature reaches its steady-state value. Although the shape shown in typical, almost any
shape is possible, and AB may occur at decreasing rate as well as the increasing rate shown. During the
constant-rate period (segment BC of the drying curves of Figures 1.1 and 1.2), the entire exposed surface is
saturated with water. Drying proceeds as from a pool of liquid with the solid not directly influencing the
drying rate. It is possible that the roughness of the solid surface over which the liquid film extends may
increase mass-and heat-transfer coefficients, but surface temperature reaches the wet-bulb temperature, as
would be expected. The constant-rate drying regime continues with the mass that is transferred from the
surface continuously replaced by movement of liquid from the interior of the stock. The mechanism of
liquid movement and consequently the rate of this movement vary markedly with the structure of the solid
itself. Wet solids having relatively large, open void spaces, the movement is likely to be controlled by surface
tension and gravity forces within the solid. Wet solids of fibrous or amorphous structures, liquid movement
is by diffusion through the solid. Since the diffusion rates are much slower than the flow by gravity and
capillarity, solids in which diffusion controls the liquid movement are likely to have short constant-rate

period. At point C, the moisture content of the solid is barely adequate to supply the entire surface.

During the drying period between points C and D of Figure 1.2, called the “first falling-rate period”,
the surface becomes more and more depleted in liquid because the rate of liquid movement to the surface is
slower than the rate of mass transfer from the surface, until at point D there is no significant area of liquid-
saturated surface. The part of the surface that is saturated dries by convective transfer of heat from and mass
to the drying gas stream. Vapor from lower levels in the sample diffuses to the part of the surface that is not
saturated and then continues its diffusion into the gas stream. This mechanism is very slow compared to the

convective transfer from the saturated surface.

At moisture contents lower the that at point D of Figure 1.2 all evaporation occurs from the interior
of the solid. As the moisture content continues to fall, the path for diffusion of heat and mass grows longer,
and the concentration potential eventually decreases until at X, the equilibrium moisture content, there is
no further drying. The equilibrium moisture content is reached when the vapor pressure over the solid is
equal to the partial pressure of vapor in the incoming drying gas. This periled is called the “second falling-

rate period.”
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Moisture Movement — Capillarity Mechanism

For beds of particulate solids for substances with a large open-pore structure, the molecular diffusion
mechanism is obviously incorrect. For these materials, movement of liquid within the solid results from a
net force arising from differences in hydrostatic head and in surface-tension effects. Surface tension causes

the pressure under a curved liquid surface to be different from that of a flat surface.

At lower moisture contents (those between C and D of Figure 1.2), the liquid interface begins to
retreat from the surface. The retreat is not uniform, as the radii of curvature of the liquid menisci at the
surface are not uniform. Liquid in larger pores is pulled down into the sample to supply the menisci in smaller
pores by flow through the surface-tension driving force. As drying proceeds, liquid in the larger pores
continues to retreat either until it reaches a narrow “waist” in the pore and thus takes of a curvature matching
that in the filled pore or until it retreats far enough so that the unbalance in surface-tension force is matched
by an unbalance in gravitational head. As the moisture is depoeted, more and more surface pores lose their
moisture in this way so that, between C and D, the proportion of the total surface the is saturated becomes
less and less. Figure 1.3 shows the solid phase during the period. Drying proceeds from the saturated surface
at the same rate as the observed in the constant-rate period. The overall drying rate is reduced because heat
and mass must both diffuse through the top layers of the solid. By the time point D, the “second critical
point,” is reached, moisture has retreated from all the surface pores. Further drying Involves a longer and
longer diffusion path for both heat and mass. The physical situration for a granular-solid bed is shown in
Figure 1.4. During the late drying stages. The solid surface approaches the temperature of the drying
medium. but the surface from which evaporation actually occurs remains at the wet-bulb temperature. The
second critical point is hard to find experimentally, and frequently the drying rate curve may be smooth from
C to E . the curves vary greatly in shape and slope depending upon the structure of the solid and the ease of
movement of moisture within it. Toward the end of the drying process,the moisture present exists in small
pockets in pore corners scattered throughout the solid as shown in Figure 1.5 .The actual drying surface is
scattered and discontinuous,and the mechanism controlling the drying rate is that of diffusion of heat and

mass through the porous solid.
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Orying-gas flow

S L

Figure 3 Moisture distribution in a particulate solid bed during the first falling-rate period.

Drying-gas flow

Figure 4 Moisture distribution in a particulate solid bed during the second falling-rate period.
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BATCH TRAY DRYING

EXPERIMENT 1

OVERALL HEAT TRANSFER COEFFICIENT

Objective

To determine the relationship between the overall heat transfer coefficient and air velocity.

Theory

The process of heat transfer between electrical heated coil and the air stream air involves only the

convection from the outside coil wall to the flowing air stream.

I = T/h (D

a

Q =UAT,(T,T,) (2)

where U = overall heat transfer coefficient

h, = air side film coefficient

Q = rate of heat transfer

A, = external area

T, = surface temperature of coil

T, = air temperature

The air side film coefficient (h,) will be some function of air velocity (V,)
n
U =c+c, Va 3)

where Cl1, C2 = constant values
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Procedure

1. Turn on electric switch inside the cupboard.
2. Switch on fan, heating coil and temperature indicator.
3. Set temperature of coil (model DD-6), 50 C.
4. Wait until the system reaches equilibrium condition (about 5 min)
5. Start recording the time and measure the following values:
- Air temperature
Temp. 1 : air inlet before coil.
Temp. 2 : air inlet temp.
Temp. 4 : air outlet temp.
Temp. on model DD-8 : drying chamber temp.
- Air velocity
6. Repeat items no. 3-4 by varying air velocity 4 values.
7. Calculate the following quantities and report in your results table.
- Density of air at mean temperature.
- Mass flow rate of air.

- Overall heat transfer coefficient
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T Set of Coil =50 °C

Experiment Data

Air Air Inlet before of Drying Chamber
Run no. Air Temp
Velocity Coil Temp.
Inlet Outlet m/s (c) (c)
1
2
3
4
5
Experiment Results
Log mean Temp diff Density of Air Air mass Flow rate Heat Transfer Coefficient (U)

125




BATCH TRAY DRYING

EXPERIMENT 2

DRYING PHENOMENA

Objective

To study the rate of drying under different conditions of temperature and air velocity.

Theory

At moisture contents lower than that at point D of Figure 1.2, all evaporation occurs from the interior
of the solid. As the moisture content continues to fall, the path for diffusion of heat and mass grows longer,
and the concentration potential decreases until at X, the equilibrium moisture content, there is no further
drying. The equilibrium moisture content is reached when the vapour pressure over the solid is equal to the
partial pressure of vapour in the incoming drying gas. This period is called the “second falling-rate period”.
In calculation involving drying, the drying rate curve must be considered in its major sections, for the

controlling factor along different parts of the curve. The drying rate is defined as
R = -(wA) x (dx/dO)
where R = drying rate, mass of liquid evaporated per hr and unit area of solid surface

W, = Weight of dry solid, mass

x = bulk moisture content of the solid, mass of liquid/mass of dry solid

A = area of solid surface exposed to the stream
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Procedure

1. Weigh each of tray.

2. Take 200 g. of dry sand and arrange on the trays, with level surfaces and equal thickness on
each tray, then add some water into the sand and weigh the wet sand on the balance.

3. Prepare gauze covering with water to thermocouple inside dryer.

4. Turn on electric switch inside the cupboard.

5. Switch on the fan and heating coil. Wait until equilibrium has been established, then take the
trays with the wet sand into the dryer.

6. Set temperature to 50 C.

7. Start recording the following values every 3 minutes :

- weight of the trays with the wet sand.

- Air temperature : Temp. 1 inlet air temp., Temp. 3 wet bulb temp & Temp. 4 outlet air

temp.
- air velocity
- heating — coil temp.
8. When the equilibrium is established stop the experiment.
9. From the results obtained above, a drying curve of solid moisture content against time can be
constructed.

10. Plot drying rate (R) vs. moisture content (x)
11. Determine the critical moisture, equilibrium moisture content, drying rate and drying coefficient

at constant rate period.
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Experiment Data

Time

Air Temperature

Weight of

(min)

Inlet

Outlet Wet bulb

Tray + Sand + Water (g)

12

15

18

21

24

27

30

33

36

39

42

45

48

51

54

57

60

128




Experiment Results

Material : Sand

Bed thickness:

Weight of tray :638 g.
Weight of dry sand :
Area of tray : 0.1875 m’

Air velocity :

Time Air Temperature Weight of Weight of | Moisture Rate

(min) Inlet | Outlet | Wet bulb | Tray + sand + water (g) | Water(g) | Content
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BATCH TRAY DRYING

EXPERIMENT 3

EFFECT OF BED THICKNESS

Objective

1. To observe the drying rate phenomena.

2. To determine the effect of bed thickness on the drying rate.

Theory

The constant drying rate depends only on the conditions at the surface of the material and the cake
thickness has therefore no influence on its value. In the falling —rate drying period, however, the rate of
drying is controlled by the rate of migration of water to the surface at which evaporation occurs and clearly
an increase in thickness will cause a decrease in the mean falling drying rate. It will also have effect of
increasing the critical moisture content and thus further decreasing the overall drying rate by reducing the
range over which this highest rate occurs. Quantitative expression of the changes in the slope and shape of
the falling rate curve and is not predictable in the present state of knowledge.

Effect of bed thickness can calculation by modified the ordinate R of the rate-of- drying curve is

therefore given by equation :

R = (I/A) (dm/dt) (1)

Where m is the mass of the total moisture in the solid (Ib.) and t is the drying time in hours. If P is
the density of the solid, in pounds per cubic foot of bone-dry material, and if shrinkage is neglected so the

[0, is constant,

dm = -S P, dw/dt )

Where x = Ib. of moisture per Ib. of bone-dry solid

Combining Eq (1) and (2) gives

130



R = -S P, dx/dt (3)

Since the rate-of- drying curve provides a relation between R and X, Eq (3) may be integrated between X_,

and X,, the initial and final free moisture contents, respectively.
t:=S P, I(I/R)dX 4)

The available for formally integrating Eq (4). There are during the constant-rate period and during

a falling —rate period in which the rate-of drying curve is linear. Then the Eq (4) may then be written
T, = t,+t,=S PX, - X)/RAX, In X/X, Q)

Note that R, and X, must be calculated for the constant-rate period and the Eq (5) show that the rate
of drying of materials following those equation is inversely proportional to the thickness of solid, excepted

as the thickness affect the critical moisture contents.
Procedure

1. Turn on electric switch inside the cupboard.

Switch on fan

Switch on heating coil

Set temperature in dryer (model DD-8) at 50°C

Switch on the balance

Turn the speed of fan to NO.1
2. Prepare gauze covering with water to thermocouple inside dryer.
3. Arrange dry sand on each tray, with the height approximately 0.1 cm., then weight the dry sand.
4. Spray some water (approx. 100 g.) all over the dry sand.
5. Take the trays with the wet sand into the dryer.
6. Start recording the following values every 5 minutes.

- weight of the trays with the wet sand

- air temperature
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Temp. 1 inlet air temp.
Temp.3 wet bulb temp.
Temp. 4 outlet air temp.
- air velocity
- heating-coil temp.
7.  When the equilibrium is established, stop the experiment.
8. Repeat items number 3-6 by changing item number 2, with the height of the sand about 0.5 cm.
9. From the results obtained above, a drying curve of solid moisture content against time can be
constructed.
10. Plot Drying — Rate curve : moisture content vs. rate of drying/hr
11. Plot Drying curve : Time vs. moisture content
12. Determine the critical moisture content, equilibrium moisture content, drying rate and drying

coefficient at constant rate period.

132



Experiment Data

Time

Air Temperature

Weight of

(min)

Inlet

Outlet Wet bulb

Tray + Sand + Water (g)

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100
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Experiment Results

Material : Sand

Bed thickness:

Weight of tray :638 g.
Weight of dry sand :
Area of tray : 0.1875 m’

Air velocity :

Time Air Temperature Weight of Weight of | Moisture | Rate

(min) | Inlet | Outlet | Wet bulb | Tray + Sand + Water (g) Water(g) Content
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BATCH TRAY DRYING

EXPERIMENT 4

EFFECT OF AIR VELOCITY

Objective

1. To determine the relationship between air velocity and drying rate.
2. To determine the drying phenomena and the moisture content.

3. To investigate the effect of air velocity on the overall heat transfer coefficient.

Theory

Variation in the air velocity affect the drying rate in the constant-rate period through their influence
on the coefficient h; and k. Value of hg and k; for flow over flat plates. The effect of roughness of solid
surface, approach conditions, and changes in direction encountered in actual cases make this procedure
somewhat uncertain, although the results obtained will probably be on the conservative side. Experimental
data for the heat-transfer coefficient h; may be correlated on the following basis :

2/3

iy = (h/(C,.GN(C, W) = D (LG/L) (1)

where
Jju =] factor for heat transfer, dimensionless
C,, W, k = gas-phase physical properties, consistent units
G = superficial mass velocity of gas phase, Ib/ hr.ft’
L = Length of wetted surface, ft
(J = a function

h, = heat transfer coefficient from air to wetted process, Btu/hr.ft’.F

The function of the Reynolds number may be replace, at least as a first approximation, by a term
b(LG/ M)n, where b and n are n are constants, so the Eq (1) becomes

((ho/(Cp.G))(C, LK) = b (LG/LL) @)
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In general, the experiment n will have a value of about -0.2, although a lower value than this has
been reported for the case where only narrow passages were available for the flow of the drying medium
around the sample. Very little data have been reported on drying where gas other than air have been used,
and the term (CPH/k)Z/3 is based on evidence from other case of heat transfer. For air over a range of air
temperatures from 115°F to 300°F, where the variation in C JL/k is only from about 0.7 to 0.69 and the

variation in C, is small, Eq (2) may be written in the form

hy =0.0128 G** 3)

Eq (3) is recommended for determining the coefficient during the constant-rate period when air is
the drying medium. In this case, the surface temperature (T;) may be taken as the wet bulk temperature of

the air.

Procedure

1. Turn on electric switch inside the cupboard.
Switch on fan
Switch on heating coil
Set temperature in dryer (model DD-8) at 50 C
Switch on the balance
Turn the speed of fan to NO.1
2. Prepare gauze covering with water to thermocouple inside dryer.
3. Arrange dry sand on each tray, with the height approximately 0.1 cm., then weight the dry sand.
4. Spray some water (approx. 100 g.) all over the dry sand.
5. Take the trays with the wet sand into the dryer.
6. Start recording the following values every 5 minutes.
- weight of the trays with the wet sand
- air temperature
Temp. 1 inlet air temp.
Temp.3 wet bulb temp.

Temp. 4 outlet air temp.
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- air velocity
- heating-coil temp.
7.  When the equilibrium is established, stop the experiment.
8. Repeat items number 3-6 and change the speed of fan (air velocity) to No.2 and No.3
9. From the results obtained above, a drying curve of solid moisture content against time can be
constructed.
10. Plot Drying — Rate curve : moisture content vs. rate of drying/hr
11. Plot Drying curve : Time vs. moisture content
12. Determine the critical moisture content, equilibrium moisture content, drying rate and drying

coefficient at constant rate period.
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Experiment Data

Time

Air Temperature

Weight of

(min)

Inlet

Outlet Wet bulb

Tray + Sand + Water (g)

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100
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Material : Sand

Bed thinkness:

Weight of tray :638 g.
Weight of dry sand :
Area of tray : 0.1875 m’

Air velocity :

Experiment Results

Time Air Temperature

Weight of

Weight of

Moisture

Rate

(min) Inlet Outlet | Wet bulb

Tray + Sand + Water (g)

Water(g)

content
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BATCH TRAY DRYING

EXPERIMENT 5

EFFECT OF AIR TEMPERATURE

Objective

1. To determine drying rate phenomena.

2. To determine effect to air temperature on the drying rate.

Theory

It is generally accepted that during the constant rate period the surface of the grains of solid in
contact with the air remain completely wetted. The rate of evaporation under any given set of air condition
is independent of the solid and is essentially the same as the rate of evaporation from a free liquid surface
under the same conditions.

As long as the surface is completely wetted, the process of drying is independent of mechanism by
which moisture reaches the other mast layer, and the process reduces to the case of mass transfer from the
surface of the solid to the air stream and heat transfer from the air to the solid, provided that radiation and
conduction to the wetted surface are negligible. For steady-state operation under adiabatic conditions, the

rates of heat and mass transfer are

q = hg A (tG-ti) (1)

N, =kgA (pi-pG) (2)

where, q = rate of heat transfer, keal/hr
hy = heat transfer coefficient from air to wetted surface, keal/hr.m’,°C
A = area of wetted surface in contact with hot air, m’
tG = bulk temperature of air, 'C
t, = temperature of wetted surface, "C
N, = rate of evaporation from wetted surface into air, kmole/hr
k; = mass transfer coefficient from wetted surface to air, kmole/ft* atm

pi = paritcal pressure of water vapor in gas phase at interface, atm
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pG = partical pressure of water vapor in main body of gas, atm

From Eq. (1) and (2), the drying rate per unit area of wetted surface may be expressed as

d®/AdO =h (t,-t)/A = 18 k,(p-p,,) 3)

where dW/AdO = drying rate per unit area, kg/hr.m2
h = total heat transfer coefficient include radiation etc, kecal/hr.m’.°C

A = latent heat of vaporization of water at temperature ti, kcal/kg

Eq.(3) may be used to determine the drying rate. However, it has been found more reliable to
calculate the drying rate by using the geat transfer equation, since an error in the determination of the
interface temperature t; affects the driving force t,-t; much less than it affects the term p,-pg.

The effect of air temperature on the drying rate in the constant rate period may be calculated from
Eq.(3). At the constant air velocity, h; and k; will be unaffected, so that the primary effect is on the driving

force t4-t, or p,-pg
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Procedure
1. Turn on electric switch inside the cupboard.
Switch on fan
Switch on heating coil
Set temperature in dryer (model DD-8) at 40 C
Switch on the balance
Turn the speed of fan to NO.1
2. Prepare gauze covering with water to thermocouple inside dryer.
3. Arrange dry sand on each tray, with the height approximately 0.1 cm., then weight the dry sand.
4. Spray some water (approx. 100 g.) all over the dry sand.
5. Take the trays with the wet sand into the dryer.
6. Start recording the following values every 5 minutes.
- weight of the trays with the wet sand
- air temperature
Temp. 1 inlet air temp.
Temp.3 wet bulb temp.
Temp. 4 outlet air temp.
- air velocity
- heating-coil temp.
7.  When the equilibrium is established, stop the experiment.
8. Repeat items number 3-6 and change set temperature to 50°C and 60°C
9. From the results obtained above, a drying curve of solid moisture content against time can be
constructed.
10. Plot Drying — Rate curve : moisture content vs. rate of drying/hr
11. Plot Drying curve : Time vs. moisture content
12. Determine the critical moisture content, equilibrium moisture content, drying rate and drying

coefficient at constant rate period.
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Experiment Data

Time

Air Temperature

Weight of

(min)

Inlet

Outlet Wet bulb

Tray + Sand + Water (g)

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100
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Experiment Results

Material : Sand

Bed thickness:

Weight of tray :638 g.
Weight of dry sand :
Area of tray : 0.1875 m’

Air velocity :

Time Air Temperature Weight of Weight of | Moisture | Rate

(min) Inlet Outlet | Wet bulb | Tray + Sand + Water (g) Water(g) Content
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6

COOLING TOWER

Objectives

1. To study system and phenomena occurring in water cooling tower

2. To determine theoretical height and efficiency of cooling tower

3. To determine amount of hot water flow rate suitably used to produce desired outlet water temperature

in each cases, and compare results from experiment with those from theories

4. To study factors that effect to pressure drop and compare results with theoretical calculations

Water Cooling Tower System

Water cooling tower, one type of humidification process, uses concept of heat and mass transfer to
reduce hot water temperature from process to desired temperature. In this experiment, cooling tower system

uses ambient air to decrease water temperature. Detail of cooling tower system is shown as following.

AIR OUTLET

HOTWATER INLET

EY FART LINE

INLET L

FETUEMN WATER

HEATEFR.

[

:I FERO'W METER

Q FUMP

WEMT

Figure 1 Water Cooling Tower System

Mass transfer occurring in the cooling tower is a result of moisture content difference between air
and saturated air, the driving force. In an analysis of heat transfer, we can consider temperature difference
as driving force. Moreover, we must be consider factors from vaporization of some part of water.

Simultaneous heat and mass transfer makes cooling tower system complete. Nevertheless, we can consider
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general equations used in design cooling tower from transport phenomena and experimental correlation as

following.

Cooling Tower Height:

S _ ( G ] HI dH
kya )z H —H (1)
where Z = total cooling tower height (m)
G = air flow rate (kg/mz—hr)
kH @ = mass transfer coefficient pass trough gas film (Kg/m2-hr-AH)
H = enthalpy (kcal/kg dry air)

Mass transfer coefficient ( kH &) can be consider from equation 2

k.a=k,a=1.086(1+H)L*? 2)
where H = moisture content at ambient temperature (kg/kg dry air)
L = water flow rate (kg/mz-hr)

Moisture content ( H ) can be considered from figure 2 by determine wet and dry bulb temperature.

Relation in Cooling tower is shown in figure 3

5

Enthalpy of air—vapor mixture,

R o I H "~ operating line,
= e slope = Lcy /G
5 Hy ! Jope = — TS _
82 Huh d ! i kgaMgP
= I !
I
2 Hyy | :
g

Ty T; Tp Tr2
Liquid temperature (°C)

Figure 3 Relation in Cooling Water
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One of difficulty in determination of cooling tower height is integral term in equationl. However,

we can find this term by following step.

and T"

Determine heat transfer coefficient pass through liquid film (h, a) from equation 3

h.a=1.96G""L>° 3)

Plot point A in figure 3 by using outlet water temperature and inlet air enthalpy.
Draw operating line from point A with slope L/G. It will intersect with inlet water temperature
line.

Determine operating line equation from equation 4

H,—-H
M = L 4)
(Tz -T )1 G
Determine tie-line equation from equation 5
(H'-H)__ha .
T -T) k,a

Determine (H™ —H ) in each temperature range

Plot curve between ( H “—H ) and H. Area under this curve is integral term.

In another method, we can combine all equation in one equation by using relation between H )

as following

H™=1.1446+0.6133T" —0.00713T * +0.000398T * ©)

Psychometric chart used in this experiment is shown in figure 4.
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Figure 2 Psychometric Chart (High Temperature)

Pressure Droop:
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Pressure drop from packed column can determine by using figure 5. in this figure, we can

determine pressure drop per unit height by determine G/ ¢ and L

¢=,|—= (7)

Yo,
1.2

where o, = air density at ambient temperature

Total pressure drop can be found from (AP /Z)(Cooling tower height)

&
70— & g = 79
oA T A7 A = <ZT 7V
A= / 7%/ 3 s/ A A/
S 7 —30 2\ 7%
—_— S / IO / y/ E 20| .@é' A & ///
E 20 AT A~ Q Y Ao /é
= / / SASL )Y /Y o /4 //VCS /
T A 1/ N LA £ b N/
g 1 ya VA 7 A V A =] Z 7 A
E 8EF o N 9 i ¥ .4
N 6 - 4 - & e 777477
= - / 77 i /. |/ 'S4
Z1 . 1/ Lt / ///
7 / /,”| Raschig ring A 4 ///
2 7 Tillson 2 7 7 /77 7] -
/Y Mach / / ’ Rasching ring 2 (Luui:tuuu)
4 / / LY UGHIDA FUJITA / YL, (Tillson)
260 4 6 810 2 3 4 6000 200 3 4 6 8 10° 2 3 4 6 8 10*
) G/¢ [kg/m?-hr] G/¢é[kg/m?-hr]
@) (®)
Figure 5 Pressure Drop Correlation in Packed Column
Apparatus
1. Cooling tower set 2. Wet and dry bulb temperature measurement
3. Pressure measurement 4. Digital type of temperature measurement
5. Heater tank 6. Blower pump
7. Air floe rate adjustment 8. Water flow rate measurement
9. Pump
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10.

Experimental Procedures

Take data wet and dry bulb temperature
Put water into the heater tank and then adjust it until has a same level with indicating ball in tank
Turn on heating system and set temperature at 45 C
Turn on pump switch with full capacity, turn on temperature measurement set by change to line 2.
Observe that can get inlet water temperature as determine. If inlet water temperature can not reach
determined temperature, try to adjust and wait for steady-state 5 min.
Determine air flow rate at 81.7 kg/h. Adjust water flow rate until outlet water temperature decrease to
38 C.
Wait for steady-state 3 min. Take data as following:

Inlet and outlet water temperature

Pressure drop

Water flow rate
Do step 5-6 again
Do step 5-7 with air flow rate 223.41 kg/h
Do step 4-8 with inlet water temperature 55 and 65 C respectively.

Shut down heating system and pump switch.

uestions

How does outlet water temperature relate to air and water flow rate?

What is the meaning of wet and dry bulb temperature?

At dry bulb temperature 32.5 C and wet bulb temperature 28.5 C, What is air flow rate should be used
for reduce 600 kg/hr water temperature from 45 C to 38 C?

- How many pressure drop happen in this case?
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DATA SHEET

Number Air flow rate Water flow rate T, T, Pressure drop
1 81.7 45 38
2 81.7 45 38
avg.
3 223.41 45 38
4 223.41 45 38
avg.
Wet bulb temperature = Dry bulb temperature =
Number Air flow rate Water flow rate T, T Pressure drop
1 81.7 55 38
2 81.7 55 38
avg.
3 223.41 55 38
4 223.41 55 38
avg.
Wet bulb Temperature = Dry bulb Temperature =
Number Air flow rate Water flow rate T, T, Pressure drop
1 81.7 65 38
2 81.7 65 38
avg.
3 223.41 65 38
4 223.41 65 38
avg.
Wet bulb Temperature = Dry bulb Temperature =

152




7

PROCESS CONTROL (Part II)

LEVEL CONTROL EXPERIMENT

Theory

Introduction to a Feedback Control System

Consider a tank system in Figure 1, a liquid enters the tank with a volumetric flow rate F,. Let F/
be the volumetric flow rate of the stream leaving the tank. A process is said to be at steady state when
none of the process variables changes with time. The system can be disturbed by some disturbance, for
instance a change of flow rate F,. The liquid level (%) can be maintained at a desired height, or a set point

value (h,,) by using a feedback control system, as illustrated in Figure 2.

A > F

Figure 1 A flow of liquid enters and exits a tank, producing a liquid level of 4.

In Figure 2, when F, changes, a feedback control action starts with using an appropriate
measuring sensor to measure a liquid level in the tank (4,,), which is then compared to the desired value of
the output (A,,). Let the deviation (or error) be &= &, — h,. Next, the value of £'is sent to a controller,
which in turn changes the value of the manipulated variable ¢ in such a way as to reduce the magnitude of
& 1f &> 0or h, < h, the controller turns down the control valve to reduce the flow. On the contrary, the

controller turns up the control valve to increase the flow when E<0or 4, > h,,.
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g ........................... P COntrOller

Sensor i h —I F

control valve

Figure 2 Feedback control of the liquid level in a tank.

Each of the elements in Figure 2 can be viewed as an operation with input and output as follows:
® A sensor A differential pressure transmitter measures the difference between two pressures and
converts the pressure values into an electrical signal in the range of 4-20 mA DC. 4 mA represents
the low end of the measurement range and 20 mA the high end.

® A level controller A distributor first converts the current signal transmitted from the sensor to a

voltage (1-5 V DC) output signal. That is, the voltage will be 1 V DC at 4 mA of the loop current and
5V DC at 20 mA of the loop current. The voltage signal is then sent to the controller, which will
compare the input signal to the set point to produce the actuating signal ¢(¢). The output signal will be
transmitted to the control valve in the form of current signal that is less susceptible to noise caused by
external electrical devices than the voltage output.

® A control valve (or final control element) As the control valve in this experiment is a pneumatic
valve, a current-to-pneumatic positioned receiving control signals from the controller will convert
them to 3—15 psi pneumatic signals. It maintains a precise equality between the signal from the
controller and the position of the final control element drive shaft, resisting external forces. The
chosen pneumatic valve is an ‘air to close’ valve, requiring air pressure to move the valve spring
towards the closed position. So the valve moves from fully open to fully closed as the air pressure

changes from 3 to 15 psig.

Types of Feedback Controllers
Three common types of feedback controllers differ in the way they relate E(7) to c(f).

a. Proportional controller (P controller)

The output signal is proportional to the error (the input to the controller: € = SV — PV).

MV =K. € +b=[K(SV - PV) + b] (1)
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where MV, or ¢, is the time dependent manipulated variable. SV and PV are values of the set point (hsp) and
the process variable (%,), respectively. b is the controller’s bias signal (i.e., its actuating signal when &= 0),
and K, is the proportional gain of the controller.

A proportional controller is described by the value of its proportional gain K, or equivalently by its
proportional band (PB), where PB = 100/K .. PB characterizes the range over which the error must change in
order to drive the actuating signal of the controller over its full range. Usually, PB is between 1 and 500. The
larger the K, (or equivalently, the smaller the PB), the higher the sensivity of controller’s actuating signal to

the deviation £&will be.

b. Proportional-integral controller (PI controller)

Its actuating signal is related to the error by the equation

t
I\/IV=KC5+& t+b (2)
T %

where T is the integral time constant, usually varying in the range of 0.1-50 min.

c. Proportional-Integral Derivative controller (PID controller)

The output of this controller is expressed by

t
MV:KCHﬁjgdHKCfD%m (3)
T % dt

where T is the derivative time constant.

Generally, the study of level control system (in Figure 2) always starts at steady state (F,= F or
constant /). Then the system is disturbed by the change of F, or F (load change) or 4, (set point change).
After the disturbance, the system is unsteady and the control system will alleviate the impact of the
disturbance and maintain /4 at the set point value.

In this experiment, there basic types of feedback controllers will be studied (if time is available):

P, PI, and PID controllers.
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PROCESS CONTROL (Part II)

EXPERIMENT 1

LIQUID LEVEL CONTROL WITH P-CONTROL MODE

Objectives

To study the effect of proportional band in the P controller.

Procedure

Switch on power supply of the control instruments, water pump, and pneumatic pump.

Set the controller to ‘Manual mode’, the control valve to 50% (MV), and the water level at 50%, the
flow rate of water (F,) about 525 L/hr. Wait until the level is constant and record the flow rate (F,) and
the initial level height (PV value or #,).

Select ‘P controller mode’, by setting PB = 5%, Tjto the largest possible number, and T = 0.
Assign the disturbance to the system by setting SV (4,,) = 70%.

Start the automatic control by pressing ‘Auto’ on the controller.

Record PV and MV values at various time intervals (approx. 20—60 sec) until the level no longer
changes.

Repeat the steps 2 to 6 with different PB values (e.g., 10, 20, 30, 50, and 100%)
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PROCESS CONTROL (Part II)

EXPERIMENT 2

LIQUID LEVEL CONTROL WITH P-CONTROL MODE

Objectives

To study the effect of T in PI controller and Ty in PID controller on the level control.

Procedure

Switch on power supply of the control instruments, water pump, and pneumatic pump.

Set the controller to ‘Manual mode’, the control valve to 50% (MV), and the water level at 50%, the
flow rate of water (F,) about 525 L/hr. Wait until the level is constant and record the flow rate () and
the initial level height (PV value or #,).

Select ‘PI controller mode’, by setting T; =3 and T = 0 (use the optimal PB value from Experiment
1).

Give the disturbance to the system by setting SV (%,,) = 70%.

Start the automatic control by pressing ‘Auto’ on the controller.

Record time, PV and MV values at various time intervals (approx. 20—60 sec) until the level no longer
changes.

Repeat the step 2-6, with at least three more T} values.

Repeat the steps 26, with the at least three more Ty values (use the optimal T from step 7).

Analysis

Plot graphs between the water level and time for every change.
Discuss effects of control parameters on the variation of the water level as a function of time: PB in P
controller, T in PI controller, and Ty in PID controller.

Compare the results obtained from P, PI, and PID controllers.
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8

DISTILLATION: DCS

Objectives

1. To study the temperature control and flow control of the distillation column.
2. To compare the local-control panel with the distributed control system (DCS).

3. To study the control mode operations: feedback and cascade

Distillation column unit
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Figure 1 Schematic diagram of binary distilation column unit of ethanol-water system
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Experimental procedure:

1. Initialize the DCS control station

O

O

O
O

Power on the main breakers of local-control panel, Data Acquisition (DAQ) terminal unit and DCS
control station.
In DCS, open LabVIEW control interface.
Select the proper column type and control loop that you would like to do the experiment (see
Appendix 1), which four options are provided:
O Bubble cap column, feedback
O Bubble cap column, cascade
O Packed column, feedback
O Packed column, cascade
Make sure that the process temperatures can read from interface.
Check the selected distillation column system to be ready for operation (all valves are in the correct

position).

2. Test the function of control valves

O
O

O

Pressurize the air instrument line by opening the air pressure regulator to be 2 barg.

Check the main valve of stream line in close position.

Check a function of control valves by setting a stream valve (FCV1), a cooling valve (FCV2) and a
product valve (RCV1) valve to manual mode (M) and then changing the % output from 0%-100%
and vice versa.

Observe action of valves. If the valves are malfunction, inform the lab technician immediately.

3. In-service utility system

O
O
O
O

Make sure that all control valves set to close position.
Check with the lab technician to make sure that the boiler is in operation.
Open a by-pass stream trap valve for draining a stream condensate.

Turn on the CW line and stream line.

4. Start-up a distillation column

O

O
O

Fill up 20% v/v ethanol mixture to the bottom vessel of the distillation column until the marked
point (~ 21 liters).

Set to the column in total reflux (RCV1 position= 0%).

Take a sample of the ethanol mixture in bottom vessel and measure the concentration by using a

refractometer and calibration curve in Appendix 2.
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O O

O O

O

Set the cooling water valve (FCV2) to M and then open it for 65% manually. Notice how PV
(process variable), and SP (set-point variable) change. Record the cooling water flow rate.

Heat up the distillation column by opening gradually the steam valve FCV1 (M) and observe the
reboiler temperature (TT-4) and 1st tray temperature (TT-3).

Wait until the condensate is over, put into service the stream trap and close the by-pass valve.
Column now starts to have thermosyhon effect at the reboiler.

When the column becomes in the equilibrium, put TIC1 and TIC2 in the auto (A) mode at proper
temperature setpoints. Notice how PV and SP change.

Record data and make discussion.

In model tap, record temperature (TT-1) and vapor mole fraction (y,) of tray|.

Take a sample of a distillate product. Find product composition using a refractometer and calibration
curve. Compare the result with recorded y, .

Redo the experiment to the cascade mode (C). Set TIC1 and TIC2 to manual mode first before
switching the interface.

Compare the results with feedback mode.

Servo test (Setpoint Change)

O
O

O

Under feedback mode. Set TICO1 to A.

Change the setpoint of TICO1 by — 4C and see the column dynamics. Record data of TT-3. Discuss
the results.

Back to the original setpoint. Make change for K¢ value.

Change the setpoint of TICO1 by — 4C again and see how the TT-3 response compared with that of

previous Kc value.

Regulatory test (Disturbance rejection)

O
O

O O

Under the stable condition of column and TIC02 at A mode, record data of TT-1.

Reduce the manual valve of cooling water line. Observe change in TIC02 and the column dynamics.
Record data of TT-1. Discuss the results.

Fully open the manual valve of cooling water line again. Wait for a stable condition of the column.
Make change for Kc value.

Reduce the manual valve of cooling water line same as previous position. Observe change in TIC02
and the column dynamics. Record data of TT-1. Discuss the results compared with that of previous

Kc value.
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Shutdown system

[0  To stop the distillation column, put the steam valve FCV1 to M and close it.
[1 Set FCV2to M and then open it for 65% manually

[0  Wait until the system cools down then shut down the whole system

Questions

Compare the pros and cons of the panel control and DCS control.

Draw a block diagram of distillation control under feedback and cascade mode.

Plot responses of TT-3, steam flow rate, setpoint vs. time under feedback mode and cascade mode in a
same figure. Discuss and compare the results..

Plot responses of TT-3, steam flow rate, setpoint vs. time under the servo test for both Kc value. Discuss
the results.

Plot responses of TT-1, cooling flow rate, setpoint vs. time under the regulatory test for both K¢ value.

Discuss the results.
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Appendix 1. Control configurations in DCS control station
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Figure Al.1 Feedback temperature control loops at top and bottom of the distillation unit

162



(FT2) control

I . Bubble Cap Column

Condenser

Cooling water
Return
Cooling water flow rate

Packed Column

Product

®

Cooling
water

Bottom temperature

(TT3) control

é}

Steam s

Figure Al.2 Cascade temperature control loops at top and bottom of the distillation unit
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Appendix 2. Calibration table of reflactive index, mole fraction of ethanol in mixture and % ethanol

concentration.

Mole fraction
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Figure A2.1 Relation between mole fraction and concentration (% volume) of ethanol
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Figure A2.2 Relation between Refractive index and mole fraction of ethanol at room condition
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Appendix 3. Addional data

Table A3.1 Ethanol-water VLE data at 1 atm (in mole fraction of Ethanol) under UNIQUAC thermodynamic

model

T(C) XEtoH Y etoH T(C) XetoH Y EtoH T(C) XEetoH Y Eton

100.02 0.000 0.000 81.06 0.601 0.350 78.64 0.755 0.700
93.98 0.216 0.025 80.83 0.610 0.375 78.53 0.770 0.725
90.37 0.328 0.050 80.61 0.619 0.400 78.44 0.786 0.750
88.02 0.397 0.075 80.40 0.628 0.425 78.36 0.802 0.775
86.39 0.443 0.100 80.19 0.637 0.450 78.29 0.820 0.800
85.20 0.476 0.125 80.00 0.647 0.475 78.24 0.838 0.825
84.31 0.501 0.150 79.82 0.657 0.500 78.20 0.858 0.850
83.62 0.520 0.175 79.64 0.668 0.525 78.17 0.878 0.875
83.07 0.536 0.200 79.47 0.678 0.550 78.16 0.900 0.900
82.61 0.549 0.225 79.31 0.690 0.575 78.17 0.923 0.925
82.22 0.561 0.250 79.16 0.702 0.600 78.20 0.947 0.950
81.88 0.572 0.275 79.01 0.714 0.625 78.24 0.973 0.975

Table A3.2 Data of relation between refractive index, mole fraction and concentration of ethanol mixture

Index (mﬁ?}"n?o.) Ego]\lj;(\)/; Index (m)c(;mol) E%S)‘C? Index (m)(()?;?:ol) 53335}33
13318 | 0.00 0 | 13502 | o014 30 | 13598 | 037 60
13319 | 002 5 | 13520 | 017 35 | 13607 | 042 65
13339 | 004 10 | 13538 | 021 a0 | 13618 | 048 70
13373 | 0.06 15 | 13558 | 024 45 | 13623 | 054 75
13418 |  0.09 20 | 13580 | 0.8 50 | 13630 | 061 80
13464 | 0.12 25 | 13502 | 032 55 | 13637 | 0.69 85
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Table A3.5 Operating conditions of buble cap distillation column

Parameters range Norminal condition

Bottom temperature TT3 (C) 85
Reboiler temperature TT4 (C) 98.5
Top temperature TT1 (C) 84.3
Steam flow rate (I/min) 0-4.5 1.45
% steam valve open 75%
Cooling water flow rate (I/min) 0-14 35
% cooling valve open 80
Reflux flow rate (I/min) 0-0.078 0.078
Product rate (I/min) 0-0.19 0
Feed concentration (%v/v) 20
Product concentration (%v/v) 76.5
Number of theoritical trays 2
Number of actual trays 8
Volume of bottom vessel (liter) 0-20 13

Appendix 4. Signal communication and control loops of distillation column
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