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2000104 Wand 2 3(2-2-5)
Physics 2

2000105 1Al 1 3(2-2-5)
Chemistry 1

nawArug MmN Ty 19 whein

2000106 WW8ULUY 3(2-2-5)
Drawing

2000107 M5tRsUlUSHNTUABLIILDS 3(3-0-6)

Computer Programming
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Basic Engineering Training
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Manufacturing Processes

2004208 WaransdmsUImnsILA30Ina 3(3-0-6)
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2004312 &uuuilasadanssuededna 3(3-0-6)
Mechanical Engineering Projects Seminar

2004401 Tnssnuienssa3ana 1 3(3-0-6)
Mechanical Engineering Project 1

2004402 TA5813FNTsLA3oING 2 3(3-0-6)

Mechanical Engineering Project 2



dquf 1 deyandangns |-5-
2) @enfAnw e IvangnsiANssuAsesna Mvuakivesndn 9 viuiein

sUuUUTl 2 nguividenanizaviafnuuazivden 18 wiagfin

1) ey 9 mbeRn Mndwesdl

2004404 MIATENARARNY 3(3-0-6)
Pre-Cooperative Education for Engineer
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2004405 @nIFAN 6(0-40-20)
Cooperative Education for Engineer
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2004421 waluladToud 3(2-2-5)
CNC Technology

2004422 FAINTINIULUG 3(3-0-6)

Automotive Engineering

2004423 MFiaTeRTEavdmUmnssuASena 3(3-0-6)
Numerical Analysis in Mechanical Engineering

2004424 psthgsinwAdesinina 3(3-0-6)
Mechanical Total Productive Maintenance

2004425 N1599NLUVTEUULATDIINSNA 3(3-0-6)
Mechanical System Design

2004426 w3psdnsnavediva 3(3-0-6)
Fluid Machinery

2004427 NMT99NUUUTZUUND 3(3-0-6)
Piping System Design

2004428 81N1ANAAERS 3(3-0-6)
Aerodynamics

2004429 n15USUDINALAZIZUNDINTA 3(3-0-6)
Air Conditioning and Ventilation

2004430 N1599NLUUTZUUNINAIINTOU 3(3-0-6)
Thermal System Design

2004431 M3puANiaIvesadlva 3(3-0-6)

Fluid Power Control
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2004432 FBmsllludiediuuddmsvienssuedana
Finite Element Method in Mechanical Engineering
2004433 WA TUNIUTONHATNENIUNYUASY
Alternative and Renewable Energy
2004434 A15IANITNAIULAZVONLEE
Energy and Waste Management
2004435 ipluladaveradodu
Introduction to Clean Technology
2004436 Frnssulritidesdy
Introduction to Electrical Engineering
2004437 SrUULAIBINEILEIANS
Mechanical System for Building
2004438 ﬁugmﬁ%’uﬂmauwé’wm
Fundamentals of Persons Responsible for Energy
2004439 szuUinAUNANIULEYN1SUTZNALTI
Energy storage System and Integration

2004440 LAT6gANENTILATLUUTIRDITINIMINE Ul

Economics and New Energy Business Model Canvas

2004441 waluladvosnunmeiuuuziii

Introduction to Battery Technology
2004442 FidefiaunBmnssueiona 1

Special Topics in Mechanical Engineering 1
2004443 FideRiAunBmnssue3ena 2

Special Topics in Mechanical Engineering 2
2004444 FideRiawndmnssuezona 3

Special Topics in Mechanical Engineering 3
2004445 Fidefiaundmnssueiena 4

Special Topics in Mechanical Engineering 4
2004446 FideRiAunBmnIsuA3ena 5

Special Topics in Mechanical Engineering 5
2004447 FideRiauwnmnssuezona 6

Special Topics in Mechanical Engineering 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)

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)

3(3-0-6)

3(3-0-6)
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2. HouazguAinsANYIYBI81913EUsEIMANGAT/EMY1 3TN
. AWNRUIITING Qm’g@/ﬁqwﬁwq/amﬁumsﬁan Yidu3a | Uszaunisal
o %a-aqa (Syadrduannamdl szau U.n3 D Andigesa) nsAnwT | AsEau

1 ULINT SUTHANT 9A.U.GAINTTUASEING) 11.555UANART 2555 2555 79
26.3.(3MN5IAT0INE) U.5TTUAERS 2560 2560

2 | wievens nAuwna 7.0, GAINTTUASING) 1.55TUANERS 2556 2556 51
17.4.(3FNTTUASDING) 15TINAENS 2558 2558

3 weRnRsy Buiou 27.U.(AINIIUATDING) 11.555UAERS 2557 2557 29
17.4.(3FNTTUASDING) 1FTINAENS 2562 2562

4 | wig Avdlun WadUng | aa.u.Gmnssuedena) weasuasunsilan 25644 2544 29
17.4.(3FNTTUASDING) 15TINAENS 2558 2558

5 [ wegvle wsuuszany | 9eu.(Gennssuie3esna) sLeduny 2564 2564 8y

av 271.3.(3INT31LAT0INA) 3.555UAMART 2557 2557

6 | weasdlsnd guives | 1y Gmnssueiesna) aonuneluladeivusea (Aaed 2539 139
un) 130 UN3.SYUS
7.4, (mnssuaieina) winendodedl 2543 2543
2.0, Genssua3sna) ainerdededml 2554 2554

7| asawitned ageydsius | am.u.Gmnssulndh) aninedeinuesenans 2538 139
M.S.(Control systems) New Jersey Institute of
Technology, U.S.A. 2543
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Ph.D.(Control systems) New Jersey Institute of 2549
Technology, U.S.A.

8 | wuwduNa Winn e.u.(nseuuay) aanduwelulagnszaouna wWinu 2553 1139
NMNTAANTEU
2e.3. (WsAnwnaw) andumalulagnsgeung Whnm 2556
NMNTAANTEU

9 | AT MaAmN WIWa9 A.U.GAINTTUNTHER), I Inendumelulagnse dou 2558 29
nAMNIEUATITD
Us.0. Grnnssuiaiedna), ininerdomelulad nszaeu 2566
NENTTUATIMLD

10 | weasnu yaiia .. (euifedandon), uminerdeiidenadumss 2547 139
s
au. (¥eunduuazanulasnde), 2549
UM INYRUFLVIETIUTINY
M. (widaneden), antumeluladnszaomnduinm | 2551
NMIAANTEU
2.4, (AAINTTUAMNUABAIY), UNTINEIRELAEATANERS 2553

MUNBME * andnwiIsasiuial (Full Time)
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3. dnwazUudinneUszasndmsun1susenauivIdniAIngsuAdIuaAs (Graduate Attributes and

Professional Competencies)

a

3.1 msnenueulessznitenednlundngnsiudnuusdndinnielseasd (Graduate Attributes)

Autannag Washington Accord

. dnwardaudinfifeszasd (Graduate Attributes) 37837
A10U . .
audannas Washington Accord lundingns
1 | Au3AudAINssu (Engineering Knowledge) 2000101 AtlAFERS 1
- annsauszendldmnudmetuadamans Inermans fugrumedmnssy | 2000102 adamans 2
uazANg lewigmeimngsy Wensudluwazmamey veatyymivg 2000103 Wand 1
Jenssudidudeu 2000104 Wand 2
2000105 A3l 1
2000106 WHUKUY
2004202 adnemans
2 | msuaeidaym (Problem Analysis) 2004201 Jan3AmNnssu
- anansasey feaums 39 ud uagiinedt dymmadmnssuidudeu | 2004101 meslulaundind
wielilédoasy vesllyniithiuddny neld vdnnisns adnaans 2004206 nafansvedlia
MPIPNENTEIIUYVIR WA INYINTMIAINTTUAERS 2004204 NaransveIian
3 | mssanuuu/MmuIianauvaileynn (Design/Development of 2004207 ASIHIDNITHAR
Solutions) 2004208 WaANARNT @RS U
- annsoRaumAReuTestynie Ienssuiidudeu uavesnuuustuy | Senssuesena
Fuau wienszuaums sumusluasmangay fudefasamein 2004301 Msduaziitewnnina
am13aigY mNUasaie Tansssu diy uazdaunndey 2004302 N3AENANNTBU
2004303 namandiaiesinana
2004306 NM3BENLUULATEITNSNG
2004308 5EUULIINATA LagnIs
AIUANSN LU
2004309 n157ANLE uLaz A
USuane
4 | n15auAY (Investigation) 2004312 @ uuu1IlATI9IU
- asasdiunsdvduiiemdneuves Jymmdmnssufidudon Tagld | ennssuedena
ANUFNNUITBWAEITNITITE 70T N1IBONKUUNITNAGRY NITIATIEN 2004401 TAsRMUAFNIsUATDMNA
uazmsuUannuvsnevesteya nsdunszideyaiiieldtaasuiidedels | 1
2004402 TAsHMUAFINIIUATDIMNE
2
5 | nsldieSasiaviuasio (Modern Tool Usage) 2004309 wialulagadsln
- anansoade Benld weflads niwenns uae Miedosdeviuasiomalmnssy | 2004307 NS08 ALUUIT Y
wazmalulad ansauwma TIu8IN1WeINTal NMIVILUUTIABITERIUNI AmnssuAiesnamenoufinmges
Jmnssuidudeuiiinlaiedos inveaniosdions
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. dnuuelindinfifieuszasd (Graduate Attributes) 318391
a19U Y .
audannas Washington Accord lunéingns

6 | AAansuazdsnn (The Engineer and Society) 2004305 917 10Uy AU
- anansaldivmuaznaninndnnsuazaudi Iiunssdulssdiuas Uaende uazdsinde
NaNIENUAY 9 Nedeay Treudy anulasndy NOVINY wagInusIY
ARguUNMTUFTRININAmnTsy

7 | Awndeunazauidu (Environment and Sustainability) 2004403 A1STANITHAIIULAY
- annsauilanansgnuvesdneurestlaymaumaimnssluuiunvesdiny | dwandeu
uardaanden warannsauansnudiazanududuresnsiann g

8 | 93981UTIUIVIIN (Ethics) 2004320 MSANIAAINTTY
- anIlInEaNN1INRTIUTINUAE A InTURATaURNINSEINNSURUR | 2004405 andafinw
INIAINTIY

9 | myieudeuazsinauduiin (Individual and Team work) 2004401 lAsanLAmnsaneedna
- thitldednsdiusyAnsnmitlusunmsihawdes uaznisvhandlugiue | 1
H3wituvse firfuifianumannuanevesanvivdn 2004402 AsanLAmnsaneedna

2

10 | msAedns (Communication) 2004320 N1SANIIUIAINTIH
- ansadeansnuimnssuitudeutunguiufiiv Inimnssuuasdsny
Tne5ulaogneliusz@ning 077 @1N1500UNAZITIUIIBITY NIFIFINTTULAE
W3EULENANINITRONLULIY FmNssulaagaliussdning amnsauiaue
ansalikas suAusihaulaegstnau

11 n’nsu‘%mﬂﬂi\‘lmma3miamu (Project Management and Finance) 2004402 TAsauirnssusasedna
- @sakAAIIEANNSIArANINTY NANNINITIAINTIHLEENITUTINSNY | 2
wazanunsaUszendldvannsuimslunuvesnulugiugdsuiuuag g
iWiouimsdanis lassmAmnssuiifanmuindounsau arumannvais
#1VNIVITIN

12 | msi3euinaandn (Lifelong Learning) 2004312 d"uuu1IlATI9U

o < o & a o Al v a wa v
- psgutinuasiuanudnduluniseseud welranusaujufaula
Tngdiawazaninsanisiseuinaeninillelimaudsuudammeiumalulad

LaIAINTTU

AAINTTULATDIANG

2004404 A15LAIPUANNIANEN

AuugdiiY: 1. valiidentamuunvedanwusUunnNieUsyaen (Graduate Attributes) 521314 ANUTDANAS

Washington Accord 138 ANUTDANAY Sydney Accord

2. velmhednlundngasUSeuiisuivanuaydudinfleszasd (Graduate Attributes)
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1 o = s a S A
#9UN 3 i’lEJ63L'e'JE_lﬂ’e’Nﬂﬂ%’ﬁ.lflﬂﬂ’ﬁﬂi%ﬂ@ﬂ’}"U’]‘UW"Jﬁ’JﬂiiﬁJﬂ’J‘UF’]I&I
1. Wli’NLL’ilﬂLLRN?WEJ?J‘lﬂLﬁEJUﬁJUE]\‘iﬁﬂ’NNj’: #1U13¥1IAINTIULATDING

I3 v
29AAUS
AEN1IAINTAINUA

TYALIDYAUAYENTY
vaeneIvlunangns

SHAIVILAZVDIYN
(Medeng)

AsTenaLa
Fadruvealanisnedvn (%)

1. 29AANUFNUFIUMINEIAEAS

1.1 ANAANERSIAINTTY

aa aa

NYAIALINLADS lua iR alln
AU oLl B9 N1SMeYRNUS UaY
N1 UNLATAYININTUATDS
¥peRwUsas swar W en T uan
LINLABS VIR ILUTIS UAT NS
Uszgne nAlAN15duiingg
duiinSauvuidu duiinsalinss
wuu N1sUszene tYauWusS
sUwuvlymnuanising g
AUNITLTIOUNUT haY N1T
Uszynd Adlaransguiny

2000101 ANRAIEARNS
1
(Mathematics 1)

3(3-0-6)
3
100 %

AR U BUNTUYDITIUIU NS
NIEAEOUNTUMIARTVRIH N

v
~

NUFIU N1TBUNNTALTIANAY
WAALTITT AUNITTIDUNUS

1Y 1Y

FUAUNT I aUN1LTIDUWUS

[ a

JUAVADY AUNITLTIDYNUSIT

v [

\duoNUS aun1sLTRYRUSITY

[

duldienius aunisigaeynus
JuAUge LAaAdavesilanduen
39V09ABIUNYT LEURTI SEUY
wazfuiiluaie 3 47 uangda
voafleituA1T o maEfIuYS
nsuwdasarvane eunsuises
WaTHANITUUAINLTES Uagns

Uszyna

2000102 AmAAIARNS
2
(Mathematics 2)

3(3-0-6)

100 %

nNamMansveIauNIAkAZ TN DY
N5 unsUszndld ngeing 9
MIENE Lwes nsiadeuiily
1, 2uay 3%f ﬂg]mim?{auﬁsum
TU WHIULAZIUY TULUUAY
Vi@ U NSUN Y Nesnuag
LU LTI dunawagnis
gavey u Auaudavesaans
naransvatine nsduaziiiou
AAuLaride gavnamans
AMUTOU NquIAUVDINY LAz
mimaaqﬁmamqmﬁam

2000103 #and 1
(Physics 1)

3(2-2-5)

100%
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I3 v
29AAUS
AEN1IAINTAINUA

TYALIDYAUAYENTE
vaeneIvlunangns

SUAIVILAZ VDAY
(Medeng)

AsTienaLa
dndruvaaiiannsnaivn (%)

nsUsznAlingene 9 neiand
auulnih nguesnid Andldi
Anugbinssualniwazaay
FuNU 2995 aunuulwan
\esnnnszua nguesuouuy$
A ganazaumi o
AUNN5VOLUNGLIAE N1SeRETA
tanniant s nlnw uag
nsvuaady Sudnnsedndiugiu
g9 Ussnavuveinay
wsiwdnlaidn asunsnaea Ag
ey waud Mandastelml Tn
MOULATAA Y 48T DAY WAz
m'ﬁmaaaﬁmamqmﬁam

2000104 #Wa@nd 2
(Physics 2)

3(2-2-5)
3
100%

1.3 a4

wIaasdNiusuasNgueznay
W ugu A uautFvetuia
Younal vasuduazaisazaiy
aunalnil aunadesu auEns
il Tassasnslniinasnon Wuse
vl audAneSeann 510LIN3
Wi alanzuazlansnsug
Fu madad ugiuild dnsu
UfURnsadfiedestungud
RN

2000105 A3l 1
(Chemistry 1)

3(2-2-5)

100%

2. 99ARNFNUFIUNIAMNTTY

o X .
NAUN 1 WUFIUNITDNLUY (Design
Fundamentals) Au3iigtasiu

Mechanical Drawing

Statics and Dynamics

IMATANISITEUR I8 NYT WA
AaY N5 gUIUNTILIUIALN
Uszend mallan1slgunInge
A9 T8UNINDBSL5NTINAA Ag
Weunmauiifn nslivuinuay
nagiANAIRARBY NSITEY
AMNA R 71978 NG NNITLIVN
U5581810 098U N15HIUKUAS
A suLuUlTARNNILADS Y8
A15UBININBBS 5NN NS
Weuwuuvesinglagasiden wag
AMITLULUUNITUTENBU

2000106 WgULUY
(Drawing)

3(2-2-5)

100%

FEUULTIAN 9 HAENS N15auna
AMTIATIEA LAsease anuden
NIU NS ANTITVDIULET DU
w@desnm TuuRauEeves
il

2004202 @dneFans
(Statics)

3(3-0-6)

100%
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29AALS YATLDAUAZENTE sWaivuazdoin msgmiignauag
fan3eansimun Y2938 Unangns (nMw1dengw) dadauvauilavnedn (%)
FAUANAATVDIDUNIAUAZYDUNI | 2004208 Warnans | 3(3-0-6)
Fogudandsnisind oudt 13 | dwu 3
Eunsans wdeuiidnduldeuy | dmnssuaiena 100%
s:mumsm?{auﬁuwmums (Dynamics for
\nd oufiduysaliunig iadeudl | Mechanical
FuNvMsIaunarIansvetaunIA | Engineering)
wazimuingudansingnas
\ndewdite 7 2 vesiiunuuas
WANUNIRAUaTULIUALY
Mechanical Engineering Process NQu way Ug‘jﬁ’amiﬁugﬂims 2004207 N35435015 | 3(2-2-5)
Fre309dnIRne 9 2095508 | WAR (Manufacturing | 3
AINAALUUAY 9 L9U 19189 | Processes) 100%
m'iﬁ’gugﬂ nsliesesdneng wax
nsideumudusiusszninedan
LLazﬂismum'ﬁmﬁm‘ﬁyugmma
Aunun1sNann1stdaunsal
w3 esile 1ag 0esdnslunisndn
wazmalulafifiondn
ﬂfjuﬁ 2 ANUINAITE (Digital Literacy) | wudAaLavosA Usenauves | 2000107015:08u 3(2-2-5)
ATty walulad szuvaoudwnes | Wsknsuneuiiames | 3
Digital Technology in Mechanical Uduiudseninansauisuas | (Computer 100%
Engineering waNeLIT N15UTENIaNATYa | Programming for
Medidnnselind 35n1500nWUY | Engineers)
wazWau1lUsunsy “annis
W ugrulunisideulusunsy
ABUNILADTIIENYTEAUGIUAY
N5 eulusunsdeing N3
Uszgndldlusunsudniagunig
IFINTTY
Anwnnalulad i A eadoadu | 2004209 welulad | 3(3-0-6)
3AINTIuAIEATIAS 8ana 15 | il (Meta 3
Anszvinisindeudivesiusud | Technology) 20%

UseLaneing 9 Nnseilvan
VB UBUA N13T4ATIEY AN
wisusevaslassasisuwaznaln
madenlfiduresuszinmeng 9
n1saauRuYusuiLd oy n13
UDITIUTRIATNTANVDI U UA
UAUANI500NWUY @519 kay
AIUANYUEUA N13lEY ue Uty
geaMnIIy unidumesidaly
NnasIna sdmTugnaIvnssy
wazlyauseivg
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29AALS YATLDAUAZENTE sWaivuazdoin msgmiignauag
fan3eansimun Y2938 Unangns (nMw1dengw) dadauvauilavnedn (%)
Nl 3 ﬁugmmqmm%fauuazﬁumiwa suwazamdou ngdefivilsves | 2004101 wesly 3(3-0-6)
(Thermo-fluids Fundamentals) woslilewiind nptetiassves | laundind 3
AwiiAgdaaiy woeslulaunfinduagindnsans- | (Thermodynamics) | 100%
Tud wase1u Loulnsd n1sanewm
mmi”aul,ﬁyaqﬁml,azmiama
WANIU TTUUAUAGINAZTEUU
anuduy
Thermodynamics
Fluid Mechanics wlutedidoedu dfuazmwuae | 2004206 narans 3(3-0-6)
AuautRvesvedlva afingmans | vatlva (Fluid 3
vosvodlnagunIsluuuAuLay | Mechanics) 100%
AUNTINA U dUNITAIY
Aol nanaraunisnisiadeud
MSUSHUTIBULAEN1TILASIEN
F9fif nnsluansiinuulisagm
mMsinonsinsiva
nguil 4 FagAeanssunaznamaniiang N5ANYIANANRUS TENINe | 2004201 Tan 3(3-0-6)
(Engineering Materials and Mechanics | 1A538319 @uU® nszUIUN1INEs | IAINTsu 3
of Materials) auiiiieadasiu warn15Uszendldueangunean | (Engineering 100%
vaeianimingsy wulane Ind | Materials)
wad widla wazianusenau
AMANU A LT INALAEATT
\dovanmyesian wugdauna
WaZNITAAINL
Engineering Materials
Solid Mechanics LSILAEANLAY AUENNUS | 2004204 narans 3(3-0-6)
FEMINAVUAULAZAIUATEA | VoeTan (Mechanics | 3
AnuAuluatulnezunIunse | of Materials) 100%
Wouuazluluusian n15lnewed
AU N5 NISINLAIZUDUED
NNANVOINDI WA AITULAUTIY
WnaeinsIvAvesTan wugil
Bnstiludediuud nsinaiu
LAY
nguil & andeunile Annaaeade AMUEUNUS VOIITUATIY | 2004305 81F0W- | 3(3-0-6)
wazdeuIndan (Health Safety and Uaenfsuare1d1ouiteiuns | 48 mulasnsiy uag | 3
Environment) \AnguAing 15A91nnsUszney | Awandes 80%

1N @n1nInaeulun1TYINU
N9 MBIANT NITATITAINY
Uaenny n1saauaiIug UiLug
M35189uURWA N15UTELE
ANED A URINISUIALTU NS
AlAszsiuni aannulasa e

(Occupational
Health, Safety and

Environment)
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I3 v
29AAUS
AEN1IAINTAINUA

TYALIDYAUAYENTE
vaeneIvlunangns

SUAIVILAZ VDAY
(Medeng)

AsTienaLa
Fadruveallanisnedvn (%)

nsUeaiugUdnauazalunu
AuUasndy N15UT NS
AulasnduLare1T30uly
1A8NITINNITAIUNGANTTUAIIL
Uaendelumsyay nmsdeans/
N1SHNBUITN/SEUUAITAUNA/
MsUsEadusiug/mesussdiite
AUUABALNEY NTINUTULUG
aniau samﬁqmidua%uqﬂumw
Lazn1sdnaiafnisgunmiile
Adr1udasan vluaniu
UIENOUNNT SEUUAUNGY S3UU
Josiudnasy

[ v
29ARINNS
AEN1IAINTANUA

Tyazduauazase
vassedvlunangns

SHAIYILAZ VDIV
(M9 )

AsTrULnALaS

o

ndauvalanIs1873Y1 (%)

3. BIAAINFANIENNTIAINTIY

nguil 1 1AT993n3na (Machinery)
ANUIANERIIU

Machinery Systems

nalnuazAsiinauLdesduns
ATILRANUSIUALAIULTINTSG
ATITRIAUAERSLATNAAERS
N15UseYNALasaNAaTDITIUY
A3 anani1siasisiusdlunaln
nsldsAulIazIons mlunng
IS vauAmndansvadilas
 gnidea naln urusiuaznaln
d9naaunerila

2004303 NaFans
WA5899N5NA
(Mechanics of

Machinery)

3(3-0-6)

100%

Machine Design

@

NANNIT LALAIUFIAYVDINT
OALUY UTURY wazIsnis diu
dfysing q Adnansenusianis
PENLUUNA B N15IUAveTan
3NINAVBIIATINAULAY NS
aammuﬂﬁwqﬂm‘ﬂ?yua'qu
\w3asdnanastiedie Augiunis
ganuuuAI ena Jadedifinase
nseenuuy audRvesian ngw)
AdEY NssenkUUTuEIY
\A5 999N508 19918 BONLUY
1AT99U NMTDDNLUULASIATIZN
Jgynlnepouitimes

2004306 A5
ONLUY
w3esdnsna
(Machine Design)

3(3-0-6)

100%

Prime Movers

AENNITNITRUAING 19T ULAY
LUIAALS BINTSHY WA 991U

2004310 3AINITU
1599nSAUAES

3(3-0-6)
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3 4
B9AANS

NEN1IAINTANUA

IYALIDYALAZENTE
v lunangas

SUAIVILAZVDIYN
(Medeng)

ASTIRUIBNALAL
dndruvaailannsnaivn (%)

AuAs1evL g olnaaar s lust
Anwasusznavvedleth fufy
fre Tsaluinad osousduny
n1elu TYInTuuUTIMAENIS
HAANEIU 2 JULUY Tseluid
waah Tselwirduaded nns
mmmmmﬂ%"aqaﬁa WISHgAENS
Tselnd wasnansenua U
Fawndourdanazdnuusan
Tsalsldin nsAruaulvan

(Power Plant

Engineering)

50%

oA v <
HGENT 2 AYNUIBDU AMULYU LLaS“lIE)\ﬂWa
(3 . .
Uszgna (Heat,l Cloollng and Applied
Fluids) A37netaeiu

Heat Transfer

FULUUYBINITAEMAUT U
ATUIAMUTOU NITNIAIUSBUY
Asunssduaznsiluldauees
A1S018LNAIINT B Y NS
wanUa sunausoukazn1siiiy
UsgdnSaamnisaien wuzin
A5n1suAtdeyninisanemaaiu
SoUMILTBLTIRNIAY N1TODALUU
szuuneanudeuiosdy nns
ponLUULarIAI1IERdgynilae
ADNWAMNBSNIIAIUAIILTDU

2004302 150187
ANNSaU (Heat

Transfer)

3(3-0-6)

70%

Air Conditioning and Refrigeration

NUNIURS ANITNVINAATEARS
mm%’aummiﬁyugwtﬁlmﬁu
LAd aeva1uL S unazan
duUszdns aussous, n1s
Wasuulasnrmnaeinia 3dns
A5YIAULT Y AT LATIEH
duUsznauressruy AnauUR
YasasvANEU N5SEmEYIY
Tunisvianudusasvevasidy
n1svIAd uLuUl AT UNIS
AUIIA1TEASYIIALLE UYRa
SYUUTIANUEUNTITUILT 99195
1A5 93USUDINA n1sUsTduY
ANaINTsaluA1sinANLEY
28952 UUUSUDINIANITNTZANY
21NALAZNITDDNLUUTEUUYI®
nannsiieniInaudu

2004309 n159n
AL uLazn1sUSy
21nA
(Refrigeration and

Air Conditioning)

3(3-0-6)

100%

Power Plant

NaNN1INITHUAING 191 ULaY
Luad aLs eanislenadsanu
Aips1eiigenaanas sl
Anwasusznavvedlet fufy

2004310 3AINITU
1599n59UMA9
(Power Plant

Engineering)

3(3-0-6)

50%
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[ v
29AANS
NEN1IAINTANUA

IYALIDYALAZENTE
v lunangas

SUAIVILAZVDIYN
(Medeng)

ASTIRUIBNALAL
Fadruvaalanisnedvn (%)

g Tsaluinas osousduny
ey TINTUUUTILRALNNT
HAANEIU 2 JULUY Tseluif
waah Tsaluiadaades nns
muqmmmﬂ%"aqﬁa WISUgANENS
Tselnd wasnansenua U
Fawndourdanazdnvuzao
Tsalnldlh AsAruanlvan

Thermal System Design

FULUUYRINITANENAUT Y
A15U1ANNS DU NITHIANUSBUY
Asunssduaznsiluldauees
N19018LNAIINT 8 Y NS
wanUa suanusoukazn1siiiy
Usganfainnisanein wuzud
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Dynamic Systems
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{Bennuivesszuuna’n @uma
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2004308 SEUULDA
Wadn waznIs
AIUANSALULR
(Dynamic system
and Automatic
Control)

3(3-0-6)

50%

Automatic Control

szuumuanlunadyn

LLmﬁmﬁugmtﬁmﬁmwuwa%
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lou wuudaesluguuuudigd
40U WHUAMUABNLAZNIIN
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YDITLUUNAIN HARDUAUDUTY
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\Bennuivesszuunatn uma
AU NseenuwuuiinIuauly

2004308 F5UULIY
WaIH LarnIg
AIUANSALUTA
(Dynamic system
and Automatic
Control)

3(3-0-6)

50%
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Internet of Things (IoT) and Artificial

Intelligence Al (use of)
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FAansIumIansIAS 0ana 119
Ansgvinaiadoudivesyusud
UTzLanmng 9 MsalaTzRlnan
YOIV ULUA NITILATIZNAIY
wdaussvesiaseasisuaznaln
msidenldiduweiuszinmnsig o
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Technology)
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Robotics
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UsELaneng q n153AT1esilvan
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wdeussvesiaseasisuaznaln
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Technology)

3(3-0-6)

40%

Vibration

NOFANTIUVDITLUUKUUTINUIA
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wazkUUTIAUTS ST UUALYATEUY
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FTnsudtymnisduasiteudse
BTN

2004301 A5
Fuazsifioumana
(Mechanical
Vibration)

3(3-0-6)

100%

NguT 4 SUUNINABUY (Mechanical
Systems) ANUIMAgIURITY

Energy

§A15TANITNE 991U Y

7
FIndoUpY 19898 U NIEDU

2004403 1590
ANSNAN UL
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Management)
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Engineering Management and Economics
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and Environmental
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Fire Protection System

ANNENNUGVBINUALUADAN Y
wagel1giaurdenunisLin
gURwn lsann1susEnaueITn
anminaesllunsyineu n1sdn
89ANT N15MTI9ANNUABANY
N15aaUaINUALMA N155189U
gURIue N1sUsilumainves
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Health, Safety and

Environment)

3(3-0-6)

20%




; o = a s v
gd9UnN 3 '5'1EJa3;’L'é]EJG]LLagﬂ']'iz"UE]\'i'Qsli']ﬂqﬁJE]\‘iﬂﬂ'l'lll'g |-30-

[ v
29AANS
NEN1IAINTANUA

IYALIDYALAZENTE
v lunangas

SUAIVILAZVDIYN
(Medeng)

s

fgn

ASTIRUIBNALAL
UYBUUBNI51873%1 (%)

AnuUasasgluaanulsenaunis
SEUURUMIEGY Szuuladnudnmsne

Computer-Aided Engineering (CAE)
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969, IFNTILAI0INa
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(Mathematics 2)
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1. ueas 3l quisves
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2000104
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(Physics 2)

3(2-2-5)

1. 919158982l wsnUszaugy
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(WMINRBATUNUETIUAENS)
.. Wand
(UNINYIBATUASUNTILTR)
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Uszaunsainisaeu 8 U

1.3 14

2000105

Al 1
(Chemistry 1)

3(2-2-5)

1. asdaela wndszanugy
96U, HNITUASINa
(WINREATUNUETTUAEANS)
WU, Wand

(U INYIREATUATUNTILIA)
97, Feanssuededna
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o
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Digital Technology in Mechanical (Computer (mﬁ’ﬁ‘ﬂEJWéJEJFﬁUVpJﬁiiiJﬂ’]ﬁ@{)
Engineering Programming for .. Wand
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(RIS YSITUAERT)
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.. Wand
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(Thermo-fluids Fundamentals)

(Thermodynamics)
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6.4, ArnssuanuUannnt
(UINYIRBLNEATAERS)
Uszaunmsalnisasy 13 U
N NULHN iw%auax@zu'g@mmé'aau
aaﬁﬂ’a'mj’:ﬁam%mnsﬁmuﬂ IRAIYN %?;m anamdnans | (S8RINAMIA 52AU U.0T 83 ARl
(Mw1BeNgY) v

g9gn)

3. 29ARNUSlRNIEMadfNTIY




; o = a s v
gd9UnN 3 '5'18a3L'e']EJG]LLagﬂ']‘izﬂlE]\‘i"Jsli']ﬂ’lllafiﬂﬂ'l'lll'g |-34-

a4 wiena iqasﬁauazqm'gvﬁ%aﬁaau
¢ v a ° v a UV “ a o o = -
29ARUSNENIAINTATUA SHEIY . Mundnans | (BSBRINAMA 52AU U.03 B9 AMRAl
("w199NH W) v
g4en)
nguil 1 13esdnsna (Machinery)
Aty
Machinery Systems 2004303 | nad@ns 3(3-0-6) | 1. ©19156ANT NAuNA
\w3asdnsna 2.0, Inssuededna
(Mechanics of (UMINYNRLEITUANERS)
Machinery) .41, INTsuLA3eena
(UUINYNRYEITUANERS)
Uszaunsalnisaeu 5 U
Machine Design 2004306 | N1OBNWUU 3(3-0-6) 1. 9191560ANS NAULE
\w3esdnsna 96U, HNITUeSeIna
(Machine (UININYIRYETTUANERS)
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Force Gauge Test set

Vibration Test Set

Pump test set
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Tnelusuuszanadnisinen 2568

gdnde

1. Pipe in loss

2. Analog Push Pull Force Gauge

3. Pump test

4. ideseus wdesduli uaz srusuRATY

5. yUftRnsiedosUuoina

6. yUfiAnssduazLiiou

7. Wswnsy SolidWorks

suuszanalnis@nen 2569

—_

. Deflection Of Beams And Cantilevers
. Microcomputer Control Electronic Creep Durability Testing Machine

. Thermal Conductivity Of Building Materials

2
3
4. Free and Forced Convection Unit
5. Universal Vibration Apparatus

6. Refrigerant Charging Training Bench
7

. General Air-Conditioning Trainer

uUszanatnisfine) 2570

1. Compact Pelton/Francis Turbine Test Set

2. Fatigue Testing Machine

3. SINGLE CYLINDER DIESEL ENGINE TEST BED, Water Absorber



doun 4 SeavdvuayunisiSeus|-42-
4. Thermal Radiation

5. Static And Dynamic Balancing Apparatus

ulszaUnisfinen 2571

1. Air Flow Bench

2. Impact Testing Machine Charpy, 150/300 J
3. Torsion Testing Machine 30 Nm.

4. Marcet Boiler

5. Gyroscope
1.2 %99UfURN15Y0M INY18U5IIUAENS

1.2.1 Ugy¥sensvesian A3 wazgunalnisvaass
fivesufiRnsanu e imnssuaiosnaiifmiumien S1uau 9 vies feil
DviesUfuRnismemuanuiou
2esufvRnmsvesnduasmaduasiiiou
3mpaUfURNssEULUTURINIA
Ao JuRn1sviuunsnluda
5WiesUfURn1seAuTesiva
6)WosU iR sesnuaTeseud
7o uinisniseumalulageueud
8)MeUfjUAN"5 CNC / Waterjet
9)ﬁaqﬂ§ﬁ’§miﬁu§m \Foulave

1.2.2 Wsnnsudn5agu/aenduas (Software)
-AutoCAD
-Solid work

-MATLAB
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gunsalmsnaaasmldnuagluaiaisufifinisininssuiaiana 31U 24 1AT89

578n159UNI0IMARBIAY Fluid Mechanics

6. Vuuwuumesles (Centrifugal Pump Test Set)
ESSOM MH-11-2

Naviod ... (Fu 1)

7. YAVARDILIIWIULALEIENBINTA (Mini-Wind Tunnel Test Set)
LJ Create Aerostream ST-180/40

Favi09 .....(184 102)
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3. ﬁqmwmaaamﬂwamuuam% (Nozzle Pressure Distribution Unit)
PA HILTON F 810

Nav09(TU 1 auwaluladsnueus)
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4.6qﬂmaau%mw (Multi turbine Test Set)

ESSOM HT-703

Navied .....(189204)
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5. AVRaeiIN1TingnsINisiraveteinia (Air Flow Bench)

ESSOM MP -100

Navied .....(1B9 205)

6. YANARBINTTEaLAuAIRALUTD (COMPACT PIPING LOSS TEST SET )

ESSOM HF- 135C

W99 .....(1189 205)
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wKURIRI1ANSURUANSYY 2 (Yiae 205)
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swmiqﬂnssdwﬂaaac-’hu Dynamics and vibration

7. ganeasslalsalavuuusialiiz (Gyroscopic Motion)
CUSSONS P5377

8. Closed loop control

Fa909 .....(1B4 201-2)



dauf 4 feadvayunisiIsui|-51-

9. ﬁﬂ%ﬂaaﬂLLiﬂL{f’Iéquéﬂmﬂ (Centripetal Force Apparatus)

CUSSONS P2799

R4 ...... (1184 203)

10.6qmwmaaqmi§uauﬁau (Free and Forced Vibration Test Set)

TQ TM16

11. ¥ornnsduaziouwuuBaszuazUafu(Free and Forced Vibration )

Naviod .....(1eg 203)
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12. qummaam’s’mama"uaﬂLﬂ‘%@ﬁﬂi (Static and Dynamics Balancing Apparatus)
GUNT TM 170

13, gaanSavdnnisasisaunalswes (TM02 ROTOR BALANCING DEMONSTRATON UNIT)

Havied .....(1ee 201-1)



' =] a @ = o
d3uUN 4 ﬁ\iﬁ‘UUﬁHUﬂqiLiﬂugl-53-

578n159UNI0IMARBIAY Solid Mechanics

14. ¥AnAap9ELnIuLNa (Strain Gauge) KYOWA DPM-7118B

Haved .....(Y184 207)

ION TESTING . 200 N
= TN T
. !_ S GWANY LWTED

15. A3nwndauwssda (Torsion Testing Machine)
ESSOM TM 203 (200Nm.)

Favi09 .....(Weg 207)
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ours. [MWiFrm
o

16. “qmwmaaummlﬁum (Hardness Tester)
OMAG AFFRI 21056

Favi04 ... (84 210-1))
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ME WORKSHOP
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WNUAIADINAABIAIU Dynamics and vibrationuag Solid Mechanics
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iﬂamsqﬂnmiwﬂaaw’hu Thermodynamics and Heat transfer

17. gannaeenTingungil (Temperature Measurement Bench)

ARMFIELD TH1

9199 201 Floor 2™

; \-_*}f O E— I

- A |

18. \SedsudaImeias (Sterling Engine)

CUSSONS P5691

9194 206 Floor 2™
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19. YANAABAASBISABINALUY 2 S2U (TWO STAGE AIR COMPRESSOR TEST SET)
ESSOM MP202

7184 206 Floor 2™

20. gaa5n 1nansn1svinmsiu (Refrigeration Cycle Demonstration Unit)

GUNT ET 915.07

9184 206 Floor 2nd
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21. sqmnmammimﬁlammaamm%u (PLATE HEAT EXCHANGER MODEL TH 221), (SHELL AND TUBE HEAT
EXCHANGER MODEL TH 221)

9184 206 Floor 2™

22. YANPRBINITNIANLTOULULDATE AN UIAY (Free and Forced Convection Study Unit)
GUNT WL 350 HT

9194 207 Floor 2™
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23. yamaassnsLanUasuANuFouLUUIMaIY (FLOW HEAT EXCHANGER)

TQ TE93

9199 211-1 Floor 2"

24 YANAFBUALTIOULVBAUATOIWUARLYA (Dynamometer)

ESSOM MT 505E

7184 104 Floor 1%



usu s Floor Lat

doufl 4 SeddudyunisiSeusi|-61-

1d

14 ROOM

24




dau 4 feadvayunisiIsui|-62-

ayliasesinsildauegluniAlainssuniaana 39U 16 1A3D9

578n159UN30INARDIAY LATEIININA

1. 1nsesfinLaLes (Laser cutting)

Grant BCL 1006
Favieq ....(TU 1) 913U URN1T rmnsTunIena

2. 1AT0IRATARMELILIIUES (Water Jet Cutting)
Flow waterjet Mach100
FavDe .. (U 1) 215U URNNT ensTuiaseena
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3. L3eandsuuIadn (Mini Lathe)
Liang Dei LD-1236GH
FavRd ... (T 1) 21A15UURNT FAINTINAsedna

4. \A309nae (Lathe Machine)
TOS Trencin: SN40C

Havee ...(TU 1) 215U URNNT ensTuiasena
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|

S |

P |
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5. 1A3panassmlus® (CNC Lathe)
Goodway: GLS-1500

FavRe ..(TU 1) 215U URNNT enssuiaseena

:;-.---JIA

6. 30fndRTuITR (CNC Milling)
AKIRA-SEIKI: Performa SR3 xp

FavDe ...(TU 1) 215U URNNT IensTuiaTeena
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7. iwdesfinlany (Milling Machine)
Magnum-Cut: VM-4V
FavRd ... (T 1) 21A15UURNT FAINTINAsedna

8.\A3assiniy laviwsu (Cut and Bending Machine)
MEGA: 3-IN-1/610

Favied ... (T 1) 913U URN1S rmnsTunIena
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9. wwnlwihAruangamall (Electric Muffle Fumnace)
Vecstar: TRF3

Faed ... (T 1) 21A15UURNT FAInTIuiasedna

10. é’ﬁaﬂam 2 58UV (Inverter Dual System Welding Machine)
JASIC: KT Max weld
Havee ... (U 1) 215U URNNT enssuiasesna
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11. m:ﬁaaﬂﬂﬁﬂ (Electric welding)
Fronius: Magic wave2000
FavRd ... (T 1) 21A15UURNT FAINTINAseIna

VELPRO TELI iviovven

ON

. A A\
OQEC
{
\! X
FF
B o7 ]

LR 11G WE

12.fieuns$neu (TIG Welding Machine)

WELPRO: Weltig160DCHF
Favee ... (U 1) 215UJURNNT ImnsTuiaTena
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13. \a3pudnena (Sawing Machine)
HERO: HR-14
FavRd ... (T 1) 21A15UURNT FAINTINAsedna

14. 584818 1 ULUIUBY (Horizontal Band Saw Machine)

Rong Fu: RF-916V
HavDe .. (TU 1) 215U URNNT ensuiaseena
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15./UgUALYLNAAIUANGINY (Position Control of 6 Axis Robot Arm)
Universal Robots: UR5e

NIv09 ... (Y194 2F. 631) IANTONUIUAIS

16. LAZDIVAADULTINS (Tensile strength tester)
Instron: 5969

Y

FavDe ... (1189 23, 308) 91U UANTHAL TR
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L4 = I3
Audmalulagenueud

Anvius sTTURuAY

wuulaeasagud isuzu d-max 4 Useg (shop mel)

dll 3 ¢
WUUlLLAALATRIEUATOEUR Isuzu d-max ABLLBALSA(shop mel)
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anAtiug sssuumn

JuauMAX AR (shop me1)
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- Starter aid 5
. ~ Jor gasoline-eng.

LA3DIYI$AUURABS HR-MAX 70D (shop mel)
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\w3paAsudetiduedes VACUUM OIL CHANGER (shop mel)



giiulenay 2 new/g 2 dudhn (shop 102)
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ALANUIEesInEUs (shop 102)
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ThvoenUsynaulnIsssudniuudY (shop me. 102)
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YAE5MI9ATUnSlNTTaEud Isuzu d-max2015 (shop me. 103)

YAA13NATUHINTNTO8UA Isuzu d-max 2011 (shop me. 103)
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\ATDIBUARLEA 4aU Isuzu d-max ABNNEALTA d1m3UnenUsEnau 5 1A38d (shop me. 103)
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ks

LULSINTIENSA

WL S9RIUBNTa (shop mel)
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Thzwmanniouuinn1uufau

ThzimanujuRnunealssnauiaseseudnsasinmiuiuny 5 # (shop me103)
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YAUIAULALINTANINEY D-MAX
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ginsesiletnainld 10 § (shop me. 103)
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YaaSaLeneRIsansEUL ISUZU
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YarwanTuiiesving

YAASALNBINELNAIDVE

Yolosfusdmiunenusznay
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2. UNEIUIN13TaYaNIIYINTG

2.1 viesayauazssuumalulagansauwme

Viosayn unInedsine1deTuing Wuiesaynsin 1UalHUINsIuduns-Ans 1181 8.00-17.00 .
warfuians-e1fiag 13an 09.00-13.00 w. lnsAndunandaliuinig 53 Faluyduanst fsumiade dsms vesnae
Jmnssumansuasinalulad ndngesimnssueans anwnivimnssuadedna e1gnisiailaitiu 10 9 saieaudu
F1uau 300 wlfusnsnsasindnmdmnssueiomnaniulng uazn1wdangy

uaNINNITALRTBMTsEoT w1 @ 19 UTEu MIAINe FnisTanwinekazauSingy
Tneralunds uninededadiszuy E-Books fianunsaduduniu szuudunesidauazamnsvinuldnaoniian saudeding
Thusmsaududeyamainmslugiudeya souladiinseurquansniniuminededeaeuldun s1udoya EBSCO 7
UNINe1dy Uansu Usznaunie §Iuteyages 9 WUn1Na1v13v 9 57U Usenaunly §1udeya Academic Search
Premier g’]‘u‘uyalqlla Business Source Premier gﬂumya%a CINAHL Plus with Full Text gﬁuﬂuyaagja Political Science
Complete gm‘ﬁa;ﬂa Environment Complete gﬂu%’ayja Computers & Applied Sciences Complete gﬂu‘ﬁay‘a Education
Research Complete g1ufiasia ERIC g1udiosa Regional Business News uanainil Idsiusamuarn 1niaidenlosunds
arsaumeeaulatiidu Open Access Resources Iﬁﬂﬂﬁu'ﬁmiﬁﬂﬁﬂﬁ 917 Science Direct Open Access Journals/
Springer Open Journals/ Cogent OA —scientific and scholarly research/ Australasian Digital Theses Program (ADT)-
Australia & New Zealand thesis/ DART-Europe E-theses Portal/ ERIC-Area of education/ Hire Wire- Archive of full
text science journal articles/ PubMed-National Library of Medicine/ Med line Plus-Health information and medicine/
Econpapers (RePEc)/ Public Library of Science (PLoS)-Scientific and medical literature/ ThaiJO —Journal articles in
TCl/ ThaiLIS-Thai Digital Collections/ Digital Research Information Center (DRIC)-Data center of the National Research
Council of Thailand/ ThaiScience - Science and engineering journals/ SIU Library Catalog/ Union Catalog of Thai

Academic Libraries (UCTAL) wugu
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Viosayn uazaauinesdmTuUINIsTLleyanuide

2.2 3997UYAUETAIN

o

nsdngunIaimsseunsaeuvesIne deiu duidudddanudidglunsduadunis Seudveninfnw Wiendn
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undnuA ML IngUszasdvemIne dy dady anninerdedald dngunsalnisiSeunisaeunigluiieaseuusiay

Kl
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4 a

Weefl dunsgiueg19nsuau Lawn a3 eaien1nnie 1Usaawnes 13 osnenmauilif (Visualizer) Aauiainos
UseAnSamgs Ialeadnd seuvvensides 30an3u vua 120 13 - 180 47 dmsusuniwauvuavieasey aedyyin

amdmiuselion lab top Wi-Fi Internet Ami5IgeasauUAquaIAIsEEuA1 4 warweinindny
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Vel URnsneunes

aeun eavtdungunsal CRiveL
1. WwseIRRUNIMDS (1 1189) 30 A509
2. LCD Projector 11399

2) emsdwmiurissufjianislusunan
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d9uil 5 WUUN13A333 (Checklist) dmsun1sguAvasusasUTyyi

v

WUUN13ATIR (Checklist) Fm5un1stuAIva3UTaIUsYyn Usemallatng wiafalinslun1sUsenaudvIBnIANTsuAIUAN 81U13AINTTUATAING

9

vangns :  vdngnsimnssumansiadinanuiuiicnssuedoina vingaslul . 2567 Fuittudve/ufluenans : 29 wardnieu 2567
Wy :  Amnssumanstiudin Ganssuadana) wAgNIAITUNTANYT ¢ 8/2567 / 31 LA NINYIAY WA, 2567
AE ¢ AngdAINIsuAansuazialulad UnsAnunilvauses: 2567 fla 2571
dadunisfinen :  umivendeduing dredsmwssilsvasdnnud . daifsdu (8.3) 64, suiley 65
. o oan . N135UTBINULDY
a6y syiinldlunisnsiasgeutenansinfusasnulas (Self-Declaration) . i U8R

wdngns (valldiniamune v Tuvesnnsusesauas [] vi3e [Lifl] uarssyiaunihuasenansitlddneds ludasmuneme)

1. | vdngessedldsumuiuraw/eydinnanaadunisdinwm lonansuuune sde Lonansiian
anun1sfnuei/iureundngns
O nangnslnal (FosdumvauarldifunsusesUSyan dewdaiuindnw) v
0 véngnsUsuUss (FestusuesusosSaas melu 1 U duudiufianufnulimnuiiureuuiuus) v
2. | néngnsdosidaguivasduaresdanuiauiianimnsiwun ielfiduianisAnumarnmdngnsanusauseneuinidn v dwit 1 mih 1

AUNTEUANENNNTDlUMIUSENOUINIWImNTIUAIUAN Tuanuivesusesliegtamuneay il nsdivdngnsiiinisvesu

59NNNIMIAVIVANIAINTTUAIUAN VANgATILABITIAAINIUENUIVTNIAINTTUAIUANTIY o) TUaSUTEIATUNIU

3. | MwanBeauavanszvediv 1unle nsdinfimadleulau InefinsiauasUssliunansseuiediesdnnuilunisuseney v LNATHUUYTINY TR 4.518a2188AY01
AWTNIAMNTINAIVAN ANUTFNIAINTAINUA wangnsatuanysaliildsuouda/diugeuann
anandunsdny

4. | sTUUNITINNISANEN
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. o . N133U509AULDY
a6y avinldlun1sasiasouiena1sA1iuTaInuLes (Self-Declaration) - — U8R
i Laidl
O sguuninA v
O szuulnsna v
O szuUdu 9 (877 sTUUAdaviieAn, Tuga wagdu 9 aunsEnsHe 82 v
5 | lassafhandngns mutedsdy @Uuil 3) w.a. 2564
- fdwaumheAslumnairawzdlumunguneidhenseaufnuuesngneduiifsosrtmun wag v U297 113N
- Avnamemaimnsuiidussdanuiluaivdnimnssuauauiivesusesdu litfesndn 30 wiswfia v 1763 vthenn
sild8198e Tuvoavunewn)

Y v A A ¢ a o = % ;o / ' o P o 1 ]
aﬂﬂmgUm‘VlﬂﬂWQﬂigﬂﬂﬂLLaSﬂﬂﬂu‘UﬁHUﬂqiLiﬁlug (?Jaimﬁlﬂiaﬂ‘lﬂu']ﬂ 1u°119\1ﬂ'155U59\1ﬂULa\1 [1] nso [13.|1|] LLaxiquaﬂmumeanm

anwardadinnisUszasrdmiunsuseneuiv@nimnssuaiuay (Graduate Attributes and Professional Competencies)

W7 2 v 17 way wth 19

1.
0 seAluvdngnsivdnuadadinifisUszasd (Graduate Attributes) madionnas Washington Accord ¥i3a v
o) iﬂa%ﬂwﬁﬂqmiﬁué’ﬂwmzﬁm%mﬁﬁqﬂizmﬁ (Graduate Attributes) mudannas Sydney Accord v
2. | andunsfinwdesdinisiseu nsUuinns JaneunsalnsiBeunisaeu wasumasuinisteyam s Waenndesiu v dawdl 4 wih 37

BafAL3lUAYINTNIMNTIUAIUANTIVESUTEN

ﬂ%’uﬂgo a

o
o

‘Nﬁ 1/2567 29 5.0.2567
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o4 4 ATEnUdgna . Y Y
. o ua . A eIV VaLIEU — — 29ARNS Ko NUBUR
afu 29ARIUSNENIAINTATNRUA AU ; nuein wuaein .
? (szytedvlunendinge) . i oA ANl | aanael | (szuiaavitivesienansildineda)
aunangns | Nvaisu
1. | ssdanudiugrumeineiaans
1.1 AURAAASIAINTIN 2000101 | Mathematics 1 3(3-0-6) 3 v v Al 3 9199 1 uag 9T 2
2000102 | Mathematics 2 3(3-0-6) 3 v v il 3 ans19fl 1 uay M1979di 2
1.2 Wand 2000103 | Physics 1 3(2-2-5) 3 v v daudl 3 m15197 1 waz anseil 2
2000104 | Physics 2 3(2-2-5) 3 v v dwil 3 M151971 1 wae 113197t 2
1.3 af 2000105 | Chemistry 1 3(2-2-5) 3 v v daudl 3 m15197 1 waz anseil 2
2. | asfanudiugrumsinanssy
2.1 nguil 1 ﬁug’mmiaamwu (Design
Fundamentals) mmifﬁﬁmsﬁaﬂﬁu
Mechanical Drawing 2000106 | Drawing 3(2-2-5) 3 v v dwil 3 M151971 1 wae m13197 2
Statics and Dynamics 2004202 | Statics 3(3-0-6) 3 v v dudl 3 m15197 1 waz anseil 2
2004208 | Dynamics for Mechanical 3(3-0-6) 3 P v Al 3 997 1 way 15197 2
Engineering
Mechanical Engineering Process 2004207 | Manufacturing Processes 3(2-2-5) 3 v v il 3 M151971 1 wae a13197t 2
2.2 ﬂﬁjmﬁ 2 ANUINNATIA (Digital  Literacy)
mwdTiieatesiy
Digital Technology in Mechanical 2000107 | Computer Programming for 3(2-2-5) 3 v v Al 3 997 1 waw 115197 2
Engineering Engineers
2004209 | Meta Technology 3(3-0-6) 3 v v Al 3 997 1 way 15197 2
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2.3 NauT 3 Nugrumennuseulasvedlva

(Thermo-fluids Fundamentals)

ANUSIRgITRsiU

Thermodynamics 2004101 | Thermodynamics 3(3-0-6) 3 v v daudl 3 m15197 1 waz ansedl 2
Fluid Mechanics 2004206 | Fluid Mechanics 3(3-0-6) 3 v v dfl 3 91997 1 uag 19 2
o4 4 aszwdqeia . Y Y
. . ot - . o - 1899 VVaLNEU — — IAAUZ Heou NUYLYAR
anu 29ARUINENIIAINININUA TUEIUN ; g . NUYAN NUWAN .
N (szyPaivnlumuendengs) . A munael | anunauel | (szylaaviivasenasilddneda)
AUNANGAT | VLB
2 | 24 nquil 4 YamimnsTunaznamans van
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1. Heat Transfer In A Tubular
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2. Compressor Training
System
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4. Methods of Flow
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6. Free and Forced
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1. Deflection Of Beams And Cantilevers 1. Compact Pelton/Francis Turbine

2. Microcomputer Control Electronic Creep | Test Set
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S. Krishnasreni and P. Thongsawatwong. 2004. Status and trend of farm mechanization in Thailand.
Agricultural Mechanization in Asia, Africa and Latin America.Vol.35, No.1, Winter. pp .59-66.

S. Krishnasreni and P. Thongsawatwong. 2001. Status and trend of farm mechanization in Thailand.
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Proceedings; National Conference on Agricultural and Food. Mechanization.Malaysian Agri-
cultural Research and Development Institute,Kualalumpur, Malaysia. 30-31 October. pp.
104-116.

Suraweth Krishnasreni, Pinai Thongsawatwong, Yuttana Kruahanchan- pongse and Anuchit Chumsingh.
2001. Design and Development on Oil Palm Bunches Conveyor. In: Quality Management
and Market Access. Proceedings of the 20" ASEAN/2™ APEC Seminar on Postharvest Tech-
nology. ISBN 974-436-249-9. 11-14 September 2001, Chiang Mai, Thailand; pp. 477-482.

S. Krishnasreni and P. Thongsawatwong. 1998. Uilization of Rice Combine Harvester in Thailand. Pro-
ceedings; International Agricultural Engineering Volume I. Asian Institute of Technology,
Bangkok, Thailand. December 7-10. pp. 265-275.

Thongsawatwong, P. and J. Benjaphrakairat. 1991. Final Report: Jute Seeder Development Project.

Department of Agriculture and International Jute Organisation. December 1991.
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S. Chuan-Udom, P. Thongsawatwong, .K. Saengprachatanarug and T. Eizo. 2018. Peg-tooth spacing and
guide vane inclination of a Thai combine harvester affecting harvesting losses. Engineering
and Applied Science Research April — June 2018; 45(2):107-111.

Suraweth Krishnasreni, Pinai Thongsawatwong. 2004. Status and Trend of Farm Mechanization in Thai-
land. AMA (Agricultural Mechanization in Asia, Africa and Latin American. Vol.35, No. 1,
Winter: pp 59-66.

S. Krishnasreni and P. Thongsawatwong. 1998. Uilization of Rice Combine Harvester in Thailand. Pro-
ceedings; International Agricultural Engineering Volume I. Asian Institute of Technology,
Bangkok, Thailand. December 7-10. pp. 265-275.

Krishnasreni, S. and P. Thongsawatwong. 1993. Develpopment of Jute/Kenaf Ribbonner in Thailand.
Paper presented at Regional Workshop o Retting and Extraction of Jute and Kenaf at Balli
Has Malang, Indonesia, Feb. 1-6,1993.
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Thongsawatwong, P. and J. Benjaphrakairat. 1991. Power Tiller Operated Kenaf/Jute Seeder developed
in Thailand. Paper presented at the National Seminar of the Use of Jute Seeders in Bangla-
desh and the Fifth Discussion Meeting of the Jute Seeder Development Project, sponsored
by the Internal Jute Organisation (1JO), Dhaka, Bangladesh. 11-14 May 1991.

Thongsawatwong, P. and J. Benjaphrakairat. 1991. Field Evaluation and Dissemination of Kenaf/Jute
Seeder and Weeder in Thailand. Paper presented at the National Workshop on Use of Mul-
ticrop Seeders in Thailand. Agricultural Engineering Division, Department of Agriculture,
Bangkok, Thailand. August 19-23, 1991.

Thongsawatwong, P. 1988. Utilization of Planters in Thailand. Paper presented at “The Small Farm
Machinery Tour” programme, sponsored by FAO, Sukhothai Field Crop Station, Sukhothai,
Thailand. 26-67 May 1988.
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INTERNATIONAL

Memorandum

Faculty of Engineering and Technology

r

|No:  FoEN 043/2025 | TO: PRD/CEO

‘ Date: 5 June 2025 1 Via: VP-NA _

| From: Dean - FOEN ! J/Uh: |
Subject: Request for approval of the budget for ‘ CC: PCW

| equipment for the New Energy and Mechanical 5
Engineering Laboratory T 4% ﬂéﬁ?{ @,J% [ﬂ@iﬁ # W/L‘i

Attachment: 1. Quotation, No. 0008 SISUKMACHINE CO.,LTD. 0?1{’9000 e

As per the Engineering Council’s assessment of the quality of the curriculum, the
Engineering Council has submitted a report to add lab equipment, with details of the
equipment as per the attached quotation, with a value of 240,000 (two hundred forty

thousand baht} as resolved by the Engineering Council within 30 days.

We request your approval of the procurement process according to the attached
quotation. Your support in this matter will help us to develop our strategic plan effectively
and ensure that our engineering curriculum will continue to meet the highest academic and

professional standards.

Thank you for your consideration and | hope you will approve and support this matter.

{ Dr.Mesith Chaimanee )

Dean Faculty of Engineering and Technology
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BISUK
MACHINE

SISUKMACHINE CO.,LTD.

9 YBOWIZT MW 2 FBG 28 1EN 15 1Y IOUNE IRTDUNBY T TANTANNTIUAT 10150
9 Praram 2 Soi 28 yak 15, Jomethong, Bangkok 10150

TEL. 0-2468-8848, (-2468-6915.086-369-8815

Quotation / lutayuasim

TAX1D; 0105565094321

NO.

0008

=J v oa o d‘ =
ﬂ%gﬂ UNTINEIGEYUIAT (Shinawatra University) Jun 5 / .8 / 68
4 . 99 w10 diwayiune Sunemulan danadnusiil 12160 o
eg ¥ HEUR %0
Tax 1 0994000003137
wesing 02-599-0000 mataas TIMIINANATS
: UMY
a1y U ERTILE] ngay AMOUNT
No. QUANTITY DESCRIPTION @ UW/BAHT
a a 1 3 a o
1 1 g9 |Neds juaning M3 +inseanadiames 6 Ya 240,000 240,000.00
a e ﬂ’ a2l H v
YNEve Ansaiionsesliaaa v v
- =Y
TINNY
SUB TOTAL 240,000.00
Tuan
ERITETY
. =
fawita ) i
5 June 2025 VaE 7% 0.00
v oA
HlauesIm TIUNIAY
EMPLOYEE GRAND TOTAL 240,{]03_00







a1 Inenaadiuing SHINAWATRA UNIVERSITY
8471 99 .10 mauname o.&wlan 1lvuantl 12160 T 0-2599-3233 Tnaans 0-2599-3350-51
99 Moo 10, Bangtoey, Samkhok, Phathumthani 12160 Tel. 0-2599-3333 Fax. 0-2699-3350-1

ludg3daian / PO No. 25060017

lu®9Ta/ Purchase Order

wwalszandadidenni . o

4 Jufl/Date  18/06/2025
Tax No. 0105565094321
da/To: 139 Ranuuadu ardm (dinauluah GFeulannsdnsz®i/ Terms of Payment 30 44

2
9 WRLNTEZIIUY 2 998 28 LeIn 15 WA99984Na

B FEHNB AITANTUNNHUIUAT 10150

s . o
Tufidsans/ Delivery Date  18/06/2025
Tnsans
AFL $8N7T AU wilan 27A7 LR
ltem Description Quantity Unit Price Amount
1 fada fuaulng M3+ iAsaInAairAes 6 Wa 1.00 240,000.00 240,000.00
; gouan / Discount 0.00
wilneeu
o3/ Total Net Value 240,000.00
. BysAnAs/ VAT Amount 0.00
ADIAURMEI UL MU -
F9HsANgNa / Total Amount 240,000.00
o LY z L
1. Wsmszypaaitluddahiludamamdaimndunludide
PLEASE INDICATE THE PURCHASE ORDER. IN YOUR INVOICE AND A COPY OF YOUR PURCHASE
ORDER JA
- . "'
2. varn21ada ngnstuiuiualiyludsTasndae @ =
3. A iaienzume?i 1 serTune?l 3 geaiew 1981 13.30 - 1630 u
. DEBIT NOTE 1S ACCEPTED EVERY FIRST OR THIRD WEDNDESDAY OF EACH MONTH BETWEEN 1.00 -
W e a0
ifaae 4.30 PM. HHaTUNARIUIN
a - o - o = =
Ordered by 4. MITWUVNIUNEN T URZIUNEY 3 1BUABL 1981 13.30 - 16.30 1. Authorized Signature
Date PAYMENT 1S MADE EVERY FIRST OR THIRD WEDNESDAY OF EACH MONTH BETWEEN 1.00 - 4.30 PM. Date

gnnuidanes/ Place of Delivery

A41899 NN fediuing a Uyueiil
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SISUK
MAGHINE

VL35%S
= = = o e a s ¥
U3t dgaudu aina @ihaulvg)

SISUKMACHINE CO.,LTD.
9 "lfﬂﬂwt’zﬁ’lﬂ?’; 2 9598 28 1En 15 UU\IUNDI WATBUNS ﬁ)ﬂﬁfﬂﬁiﬂlﬂﬂﬂﬁ"luﬂi 10150
9 Praram 2 Soi 28 yak 15, Jomethong, Bangkok 10150 TAX ID; 0105565094321

TEL. 0-2468-8848, 0-2468-6915.086-369-8815

NO. 0008
Quotation / luaussiai
A a o oa  w Rk ':; / = /
UIHN  uviIneNagyuInNg (Shinawatra University) TUN 5 .8l 68
4 . 99 w10 uamuna suneauinn daviadnnusidl 12160 v X
oy N : UHUN W
TAXID 0994000003137
waslng 02-599-0000 msdaaa MINMTAE
‘ DIHIUINY
aay MUY 18NS nuEay AMOUNT
No. QUANTITY DESCRIPTION @ in/BAHT
1 1 ya |Hade juaulez M3 + nTesndsinmes 6 Wa 240,000 240,000.00
& o oad A a < '
wnumg Aadsditioniaslada i v
IUEY
SUB TOTAL 240,000.00
F1uan
SIHEYU
( Rawita ) AH
[4)
5 June 2025 VAT 7 A) 0.00
ey FIUNIAY
EMPLOYEE GRAND TOTAL 240,000.00




Bangkok Bank
© SLEIASNSJIN Application for Outward Remittance
-

avaldusnaslouualols:zing

Please complete this Application in block letters Tisansandauanian sgngesiud o Dafe
lease complete this Applicat ! f ) pan (1 /I

{ Form of Payment Famsdissdu | .
e T Aok i, havi

() Debit my Account Please specify an account with Bangkok Bank @m@@@_@gmﬂmg@

wniinyd Tsmszytiyndiusunasnganm
QO cash/iiuan Please specify occupation/llsaszyaiiin
() Bangkok Bank Cheque/l.;l:]ﬂﬁu”lﬂ'li‘m;dmw Branch/ann No./1aui

By apelxing the ;exchonge rate in the Forward Contract No. DDGGGODDDGGD@ Amount/4munuiiu.
Tanvaldsnsuanifauly Forward Contract No. DDDDDDDDDDDDU:] -

Currency and Amount in Numbers
anauuasduuRulay @dsn

1% ,‘2-3 4‘. 15 Usa Thicteen thonsand fwo hundred thi ﬁv—four poird‘ ei%kf one five

50 : Details of Applicant/smaziBunuasgloudu

Amount in Words/4uauiulau @hdnun

[J Individual/yarasssum [[] Juristic Person/tifynaa

Narme/is Shinawatra  Univers ity
dentificati d No./P JJuristi i i : I
ottt fadumememang w00 A40L0l0I0] A1) 3]

Address No./Street aq Mee 10 _Sub district B ﬂhc}+0 Cj
Laii/auu . LA/ .
District 5“\"0 k h ok Province/City Pﬂ 'HMMJM N Country ’Thﬂ | ‘@hA

AUND/LUA 07. —SOM 000}‘_’ Famin Flh @ SfU . ac -“‘h Uszinp

Phone/Mobile E-mail/Fax
Tnséwi/diade

56 : Beneficiary Correspondent Bank (if any)/ammw‘huwuuﬂaﬁu'\mﬂ:.ﬁ'uﬁu @i

57 : Beneficiary’s Bank/sunasuaegFuiiu

SWIFT Code/BIC C l T I H K H X Sort Code/BSB/FW/IFSC/CNAPS (sWiasunang)
Bank Ndme/?iﬂﬁmm? C’H'l bﬂhk ’ N A} H OY\% K Oh% B Y‘an Gh
Address/ﬁ'ﬂy:ﬁmms Cl'\a"'"\ pion TOWG\" T"W‘Cﬂ qudeﬂ Qdﬁa‘; Ce“)“‘a'll HOhg kG"ﬂ% Country/ilsza C)ﬂ\ ha

59 : Details of Beneficiary/seazidanuadffuiku

Account No./IBAN 39496000 4"6 5401

Account Name/Aetiitiuiu J] han Mi n\'rj Te d‘hO‘O%'j. Eq”‘iPmenJ( CO.; L*ﬂ*ﬂéﬁonalny (f any)/dyni il

Address/ila]

Ching

Province/State / 4win/ig Country/iszina

70 : Purpose of Payment/fnguszasAnslauiu

!]Zf Cost of Goods (231) [ income Repetriation ©40) [z} Consultant (028) O Education Expense (013
Arduin selidandy ATiLEnE Aldanafiensinemn

[] others (Please Specify)/ﬁuq (lsagzp

Details of Payment/ sieazi@aamslautu

71 : Foreign Bank Charge/Aldf4unssunmsmadszing Al foreign bank charges are for the account of /anlinaunssinanssnalszmaAliGeniivan

[E’ Beneficiary/gfuiu (Charges SHA) [ Applicant/glauiiu (Charges QUR)™™*
*The overseas bank may deduct a fee from the fransfer amount before sending funds into the recipient’s account. This depends on the bank’s conditions, which may vary in each country.
~gumnslusalrmreainmessmdouasnamneeniulauteuhfudiyigiuty Tuegiuteuliennmstemunnsiillusas sz

I/We certify that the details given above are comect and frue and agree to comply with the Terms and Conditions for Outward Remittance gt the back of this Aol form part
of this Application. fmiduafusasic swasBarilAAwiugniswesdurmusss wazanaafiinudeanamisliEmslauduihalssmafiagfundainetigmlszng 1)
(In the case where |/we have printed this Application form from Bangkok Bank's website,

If there is any conflict between the content of such Application form and that of the standard

form of the Application for Outward Remiftance ( Code SFSF 122-2) in effect on the date

hereof, the content of the said stendard form shall prevail and I/we agree to be bound by

that of the standard form in all respects) Qunsdifdmidfimiuuuvaiudwell sanunsndiuled

sasstA winddeanulaluuaiudnaraiivansnalinneuywaiunassuisumsldagluiuin Signature
FAuati (3Wa SFSF 122-2) inwﬁﬂﬁﬁ'amm"mﬂ'nuﬁag'luuuuwa§nﬁnﬂummgwwmﬁmmmnﬁ'i:mi) aadade Applicant / Authorized Person glaniduy

s e W -
AMTLAMTIMEUIATT For Bank Use Only :

A1/ MU VA MNBLEUENaaa KRTAITE um
anaiu. TWMEY SrsuanulFou @ ABTIULLEL um
fiualae a0 AvaIn um
un.fuUfiFu Aun.fFuunuduns 97U um

P & X -
SFSF 122-2 (2-07/65B) uuuNmnmwauﬁu’l’ﬂ'mummunsﬂmﬂu 2565 / This form is effective from July 2022 ﬁ’z 020150

1 sLuLngnsuLe
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PSP RN AR AR
JINAN MINRRY TECHNOLOGY EQUIPMENT CO.,LTD.

ADD: 26/F., TOWER ONE, TIME SQUARE 1 MATHESON STREET CAUSEWAY BAY HK

URGENT

Cell/lWhatspp/Wechat: 0086-15153106200

PROFORMA INVOICE

No.
Date:

MR250430EV1-3
09/Jun/2025

To: Vikorn Tanaratchat

The Seller: Evel Minrry

Compay: ADD: 26/F., TOWER ONE, TIME SQUARE 1 MATHESON
ADD: STREET CAUSEWAY BAY HK
TEL: Cell/Whatspp/Wechat: 0086-15153106200
. e Discounted Discounted
No. Goods Description Qty.| Unit Price Unit Price o
1 MR429V3 Heat Transfer In A Tubular Heat 1 $7.500 $7,425.00 $7.425.00
Exchanger
2 |MRO024R Compressor Training System 1 $3,215 $3,182.85 $3,182.85
3 |MR429V4 Series And Parallel Pumps 1 $2,572 $2,546.28 $2,546.28
4 MR-HM 150.13A Methods of Flow 1 $1.450 $1.435.50 $1,435.50
Measurement
5 |MR429Ve Friction Loss In Pipe Apparatus 1 $5,500 $5,445.00 $5,445.00
6 MR429V7 Free and Forced Convection 1 $6,500 $6,435.00 $6,435.00
SAY US TWENTY-SIX THOUSAND FOUR HUNDRED SIXTY-NINE DOLLARS
TOTAL| AND SIXTY-THREE CENTS ONLY $26,460.65
50% Advance Payment Total: $13,234.815




Term of Payment: TT 60% deposit before production, TT the other 50% before equipment leaving
factory.

Term of Delivery: FOB Guangzhou

Production Time: 75 work days
Beneficiary's Bank: CITIBANK, N.A., HONG KONG BRANCH

SWIFT BIC: CITIHKHX or CITIHKHXXXX
Beneficiary's Name: Jinan Minrry Technology Equipment Co., Ltd.

citibank

Beneficiary's Address: Building No. 3 Double Innovation and Creation Industry Center, No.803 KeYuan Road,
High Tech Zone, Jinan, Shandong, China

USD Account Number: 3996000465401

Beneficiary’s Bank Address: Champion Tower, Three Garden Road, Central, Hong Kong
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JINAN MINRRY TECHNOLOGY EQUIPMENT CO.,LTD.

=

ADD: 26/F., TOWER ONE, TIME SQUARE 1 MATHESON STREET CAUSEWAY BAY HK

Cell/Whatspp/Wechat: 0086-15153106200

PROFORMA INVOICE
No. MR250430EV1-2
Date: 07/May/2025

To: Vikorn Tanaratchat The Seller: Eve/ Minrry

Compay: ADD: 26/F., TOWER ONE, TIME SQUARE 1 MATHESON
ADD: STREET CAUSEWAY BAY HK
TEL: Cell/Whatspp/Wechat: 0086-15153106200
i I Discounted Discounted
No. Goods Description Qty.] Unit Price Unit Price P——
744 91%.48 | 244,323, 4% THB
1 MR429V3 Heat Transfer In A Tubular Heat 1 $7.500 $7.425.00 $7,425.00
Exchanger
104, 992.6'F 104,997, 6+ THD
2 |MRO024R Compressor Training System 1 $3.215 $3,182.85 $3,182.85
83,934, 1%
3 |MR429V4 Series And Parallel Pumps 1 $2,5672 $2,546.28 $2,546.28
by.351.%3 A3,397. 93 THB
4 MR-HM 150.13A Methods of Flow 1 $1.450 $1,435.50 $1.435.50
Measurement
119,614 11 ”'131(31ﬂ 21 Thb
5 |MR429V6 Friction Loss In Pipe Apparatus 1 $5,500 $5,445.00 $5,445.00
M2, 04 34 UL TH. 34 THD
6 |MR429V7 Free and Forced Convection 1 $6,500 $6,435.00 $6,435.00
3 153, 69 THDH
TOTAL SAY US TWENTY-SIX THOUSAND FOUR HUNDRED SIXTY-NINE DOLLARS ¥, 2" “4;9 63J
AND SIXTY-THREE CENTS ONLY B

Term of Payment: TT 50% deposit before production, TT the other 50% before equipment leaving

factory.




Term of Delivery:s FOB Guangzhou

Production Time: 75 work days =

Beneficiary's Bank: CITIBANK, Nz HONG KONG BRANCH CIt!bank

SWIFT BIC: CITIHKHX or CITIHKHXXXX

Beneficiary's Name: Jinan Minrry Technology Equipment Co., Ltd.

Beneficiary's Address: Building No. 3 Double Innovation and Creation Industry Center, No.803 KeYuan Road,
High Tech Zone, Jinan, Shandong, China

USD Account Number: 3996000465401

Beneficiary’s Bank Address: Champion Tower, Three Garden Road, Central, Hong Kong



BAC
CERTIFICATE OF CONFORMITY OF QUALITY MANAGEMENT
SYSTEM CERTIFICATION
Ceitificate Mo 3EPHQ0IR6RIS
This is to certify the guslity management system of
JINAN MINRRY TECHNOLOGY EQUIPMENT CO., L0
I'nifivd Social Credit Code. 9127010068952 26601

Building No. 1 Bouble Innovation wnd Crestion industry Comer, No 803 Ke'Yuan Read, High
Tech Zonwe, Jinan, Shandong, China

is in conformity with
GBT 19001-20167150 9081: 2615 standard

This certificate covers the following scope of qual ity manapement svstem

THE MANUFACTURER OF EDUCATIONAL EXPERIMENT TRAINING
POUIPMENT

fwue Dhate: Apr RO

% 3 Roboe Doter Mo 31 2033
3 h Vulid tustih: Mar 562627

PR
WhEG
FHEE

Authorizer: ¥ [f]
Yy CNAS

v MANAGEMENT SYSTEM
i = CHAS G188

CERTIFCATION DROANIZATION ADDRESS ¢
»?mlmm« o bolkirg No 2 Yo ports Strest Xoheeg Dutrict Segeg

1 Wi T gk Soge Apriis ey § avie Thiann UEte e o Uriies Moniny C i
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WM INena et uinsSHINAWATRA UNIVERSITY

w2189 .10 mutmes anlAngnasnie160 sAniR-2599-3333 Wsans0-2599-3350-51

99 Moo 10, Bangtoey, Samkhok, Phathumthani 12160 Tel. 0-2599-3333 Fax. 0-2589-3350-1

v

Jd191a2R2PO No. 25060003

\uds3arPurchase Order

1szanmagiRani® _
- . FufipDate  05/06/2025
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In accordance with the standards set by the Council of Engineers, the Faculty of
Engineering and Technology has developed a four-stage procurement plan over a four-year
period to systematically equip the new Energy and Mechanical Engineering Laboratory with
the necessary equipment and technologies. This step-by-step approach ensures that the
laboratory meets regulatory requirements while increasing its capacity to support both
education and research. '

The current procurement request is Stage 1 of this plan. The equipment selected, as
detailed in the attached quotation, valued at $37,453.64 (Thirty-seven thousand four hundred
fifty-three point six four dollars), has been carefully evaluated for technical suitability,
efficiency, and cost effectiveness. This initial step is critical to laying the groundwork for
subsequent upgrades and to ensure that the laboratory meets required accreditation and
operational standards.

We ask that you approve this first stage of the procurement process, as per the
attached quotation. Your support in this regard will enable us to effectively develop our
strategic plan and ensure that our engineering program continues to meet t high N
academic and professional standards. &\ Q)W
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i. Product Overview

1.1 Overview

ZT0006 Natural and Forced Convection Experiment Bench is designed to help students learn and
understand convective heat transfer, one of the three heat transfer methods in thermodynamics.
Convection heat transfer can be divided into natural convection and forced convection. Natural
convection is caused by the uneven density of the space fluid caused by the uneven temperature field of
the space fluid. Forced convection is the flow of fluid driven by external forces such as fans or pumps.
The ZT0006 natural and forced convection test bench is mainly composed of vertical pipes with
detachable heating elements, several sensors (including hand-held temperature deteciors), waterproof
electrical transfer boxes and power boxes. The vertical pipe with detachable heating element is the core
component of the test bench. A temperature sensor (T1) is installed at the air inlet at the lower end of the
vertical pipe, and a sensor for measuring wind speed is also installed at the upper part of the T1 sensor.
Three different types of heating elements can be installed in the middle of the vertical pipe, hamely tube
bundle heat exchanger, cylindrical heat exchanger and plate heat exchanger. Each heat exchanger is
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equipped with a temperature sensor (T2). The upper air outlet of the vertical duct is equipped with a 24V
adjustable axial fan. A temperature sensor (T4) is installed below the axial fan. The hand-held
temperature detector (T3) can be inserted in the middle of the vertical pipe (the pipe has reserved holes).
Muiltiple sensor fransmitters are installed in the waterproof electrical junction box, which can transmit
sensor data to the power box for processing.

1.2 Features

(1) The ZT0006 natural and forced convection experimental platform is small in scale, plug and play, and
has complete functions, which can meet the requirements of experimental teaching.

(2) At the beginning of the design of the ZT0O006 natural and forced convection test bench, the safety of
the experiment and the materials used for the experimental equipment were fully considered, Under the
premise of ensuring safety, more durable materials and spray paint are used. Greatly prolong the service
life of the equipment.

(3) The software compatibility of ZT0006 natural and forced convection test bench is high.

li. Performance Parameter

Input power: AC220V/50Hz

Weight: 43KG

Size: 485mm*370mm*g15mm

440mm*430mm™mm350

Working conditions; ambient temperature -10°C ~+40°C; relative humidity <85% (25C)

. Components List and Detailed Introduction

3.1 Main part
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Number | Name Features

1 Vertical pipe Subject of the experiment

2 Temperature sensor (T4) Used to measure the temperature inside the pipe after heating

3 Axial fan | Force fluid flow in pipes

4 Anemometer For measuring fluid velocity in pipes

5 Temperature sensor (T1) For measuring pipe temperature before heating

5 Handheld Temperature | For hand-held measurement of the temperature near the heating
Detector (T3) element in the middle of the pipe

2 Waterproof electrical | Transmits electrical signals from various sensors to the power

| junction box box

8 Sight glass window Used to observe heating phenomena

Y Tube bundie heat | Used to heat the fluid in the pipe and return the value of the
exchanger (T2) heating sensor

3.2 Power box part

Number | Name Function
1 Display screen Used to display various parameters and control other components
2 Power meter Used to display the power of the heating element -
3 LLoad swit'ch' Used td control circuif opening_ and closing
4 Breaker Used to control circuit opening and closing
5 Aviation socket 1 Used to transmit temperature sensor and anemometer electrical signals
6 USB interface For communication between PC and touch screen industrial computer
7 | Input font male seat | For inputting 220V power supply
8 Qutput font base For powering heating elements
g Aviation socket 2 For powering axial fans

www. ssedumachine.com TellFax;+86-531-67808851 Email: education@ssedumachine.com

Address: No.15612 Century Avente Room 1-1612, Building 1, High Tech Zone,dinan, China Cell:+386-15153112822



3.3 Equipment configuration list

Number Name Quantity
Component 1 | Tube Bundle Heat Exchanger 1
Component 2 | Cylindrical heat exchanger 1
Component 3 | Plate heat exchanger 1
Component4 | Axial fan ' ' 1
Component 5 | Temperature sensors (including handheld temperature probes) b
Component 8 | Anemometer 1
Component 7 | Display screen 1
Component 8 | Load switch K
Component 9 | Power meter 1
Component 10 | Breaker 1

3.4 Accessories

Quantity

Number | Name
1 Aviation plug extension cord 1 1
2 Aviation plug extension cord 2 T
3 | USBcable 1
4 Pin shaped plug extension cord 1
5 Three-core British power cord 1
6 5A Fuse tube 5
7 Software CD 1

3.5 Component Function Introduction

Component 1 name: tube bundle heat exchanger
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Parameters: Input voltage: AC220V/50Hz
Purpose: Used to heat fluids and support the measurement of heat exchanger surface temperatures.
Component 2 name: Cylindrical heat exchanger

Parameters: Input AC220V/50Hz
Purpose: For heating fluids and supporting the measurement of heat exchanger surface temperatures.
Component 3 hame: plate heat exchanger

Parameters: Input AC220V/50Hz
Purpose: Used to heat fluids and support the measurement of heat exchanger surface temperatures.
Component 4 Name: Anemometer

Parameters: The range of wind speed allowed to be measured is 0-10m/s.
Purpose: To measure the wind speed in the pipeline.
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Parameters; Measuring range: 0-200°C

Purpose: Used to measure the surface temperature of heating elements.
Component 5 name: temperature sensor (T1, T2}

Parameters: Measuring range: 0-100°C
Purpose: Used to measure the temperature of the lower and upper parts of vertical pipes.
Component 6 Name: Handheld Temperature Detector

Parameters: Measuring range: 0-200°C
Purpose: Used to measure the temperature near the heating element in the middle of the pipeline.
Component 7 Name: Power Meter

Parameters: Input voltage: AC220V/50Hz; Input current: 5A;

Purpose: Used to display the heating power of the heating element.

i2
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Parameters: Input voitage: DC24V
Purpose: Used to display the parameters of each sensor and control other electrical components.
IV. Experiment List

Experiment 1 Demonstration experiment of natural convection and forced convection

Experiment 2 Swept plate convective heat transfer experiment

Experiment 3 Swept single-tube convective heat transfer experiment

Experiment 4 Swept tube bundle convective heat transfer experiment
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LProduct Overview

The training device is designed for the in-depth study of thermodynamics, make the air go through the
different stages of air conditioning refrigeration unit, and then enter a room which temperature and
humidity can be real-time monitoring, measuring the difference of air temperature and humidity to
analysis of air cooling, heating, humidification and dehumidification, to make the students to understand
the feature of open compressar, study the specific operation and the working principle of an open
compressor. In addition, some indoor simulator and outdoor temperature contains the logic control
system in all of the environment, can occur in air handling unit.

il. Product feature

The training bench takes aluminum frame structure, it is concise and fastness, it is not only to lighten the
equipment, but also ensure the strength of equipment, it is equipped with 4 universal casters on its
bottom, which is easy to move.

The refrigeration circulation pipeline is laid on installation panel, it is painted with different colors on high
and low temperature area, which is easy for observation and distinguish.

The equipment is fitted with good safety protection system. It is equipped with high-low pressure
protection switch in refrigerating cycle, when system pressure is abnormal, the compressor can stop
work immediately to protect compressor and system. It is equipped with earth ieakage circuit breaker,
emergency stop and reliable ground protection in electrical circuit, which is to ensure safety of equipment
and personal.

Ill. Technical data

(1) Input power: 220V+10%, 50Hz

(2) Overall dimension: 1800mmx800mmx1800mm

18
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(3) Weight: 150kg

(4) Operating condition: environment temperature 10°C ~307C, relative humidity <<75% (25°C)
(5) Refrigerating mode: water cycle type

(6) System work power: <1.5KW

(7) Refrigerating fluid: R22

3.1 Compressor refrigeration unit

This training device cooling water chilling unit using compressor.
Compressor water chilling unit parameters as shown below:

1) compressor power: 220V 50Hz.

2) compressor power: 0.5 HP.

3) compressor electric power: 375W.

4) capacity: 1350W.

5) import and export of diameter: 25 mm.

6) suitable for circulating water: 600L.

IV.Equipment composition

The composition of this training unit as shown in the above, contains the compressor refrigeration units,
condenser, evaporator, humidifier, heater, fan, air valve coniraller, air duct, simulation room, water pump,
flow meter, measuring instrument and other parts.
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1.Description

Pressure losses occur during the flow of real fluids due to friction and turbulence (vortices). Pressure
losses in pipes, piping elements, fittings and measuring instruments (e.g. flow meter, velocity meter)
cause pressure losses and must therefore be taken into account when designing piping systems.

HM 150.11 allows to study the pressure losses in pipes, piping elements and shut-off devices. In addition,
the differential pressure method is presented for measuring the flow rate.

The experimental unit contains six different pipe sections capable of being shut off individually. The pipe
sections are equipped with piping elements such as bends, elbows and branches. In one pipe section,
different shut-off devices and measuring objects are installed to determine the flow rate. The measuring
objects are made of transparent material and provide excellent insight into the inner structure. The
pressure measuring points in the piping system are designed as annular chambers. This creates a
largely interference-free pressure measurement,

The experiments measure the pressure losses in pipes and piping elements, such as branches and
bends. The opening characteristic of the shut-off devices are also recorded. The pressures are
measured with twin tube manometers.
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The experimental unit is positioned easily and securely on the work surface of the HM 150 base module.

The water is supplied and the flow rate measured by HM 150. Alternatively, the experimental unit can be
operated by the laboratory supply.

2.Specification

investigation of pressure losses in piping elements and shut-off devices

diffe;eﬁi fnéés&r‘ihg_ ub}edés for'detennini‘r'i_g flow rate écéoﬁiﬁg -to the diﬁerentiél pressure method

six pipe sections capable of being individually shut off, with different piping elements: sudden contraction,
sudden enlargement, Y-pieces, T-pieces, corners and bends

one pipe section to hold interchangeable shut-offfmeasuring objects

measuring objects made of transparent material: Venturi nozzle, orifice plate flow meter and measuring
nozzle

shut-off devices: angle seat valve, gate valve

annular chambers allow measurement of pressure without interaction

2 twin tube manometers for measuring the pressure difference

flow rate determined by HM 150 base module

water supply using HM 150 base module or via laboratary supply

3.Technical data

Pipe section to hold fittings or measuring objects

20x1,5mm, PVC

Pipe sections

Inner diameter: d

straight; d=20x1,5mm, length: 800mm, PVC

sudden contraction: d=32x1,8-20x1,5mm, PVC

sudden enlargement: d=20x1,5-32x1,8mm, PVC

with 2x Y-piece 45° and 2x T-piece

with 2x 90° elbow/bend: d=20x1,5mm, PVC and 2x 45° elbow: d=20x1,5mm, PVC

2% twin tube manometers: 0... 1000mmWC

Measuring ranges

pressure: 0...0,1bar
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I. Product overview

The training device used for further study of common refrigeration compression cycle. Condenser and
evaporator fan are with eight pieces of transparent pipe and fan which speed is adjustable, it can
directly observe the condensation and evaporation process of refrigerant in the system, intuitive
response under the same conditions of 4 kinds of refrigerants refrigeration change under different
throttling device, and through the fan speed change of the condenser and evaporator heat transfer effect,
under different conditions of refrigerant refrigeration.

ii. Product feature

The training bench takes aluminum frame with cabinet structure, it is concise and fastness, it is not only
to lighten the equipment, but also ensure the strength of equipment, it is equipped with 4 universal
casters on its bottom, which is easy to move.

The refrigeration circulation pipeline is laid on installation panel, it is painted with different colors on high
and low temperature area, which is easy for observation and distinguish.

The equipment is fitted with good safety protection system. It is equipped with high-low pressure
protection switch in refrigerating cycle, when system pressure is abnormal, the compressor must stop
work immediately to protect compressor and system. It is equipped with earth leakage circuit breaker,
emergency stop and reliable ground protection in electrical circuit, which is to ensure safety of equipment
and personal.
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ill. Technical data

(1) Input power: 220V+10%, 50Hz

(2) Overall dimensicn: 1600mmx»800mmx1800mm

(3) Weight: 100kg

(4) Operating eo_n_di_tion: environment temperature 10°C~30°C, relative humidity <75% (257C)
(5) Refrigerant: R134a

IV. Equipment composition
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L.Overview

This equipment is for mechanical engineering department or mechanics engineering department in
university, it's for Theoretical and Applied Mechanics, Engineering Mechanics, Solid Mechanics major
and other mechanics related department.

The equipment is used for measurement of deflections and slopes of a beam under bending or and
compare with values calculated by differential equation. It is to be used with Universal Structural Frame
(separately supplied).

The beam rest on two built-infknife edge supports. Load hangers are used for point loads and a number
of weights are used for uniform load. Deflections and slopes are measured by dial indicators.

Instruction manual is also included.

il.Typical Experiments

Beam deflections

Beam bending formula

Shape of a deflected beam.

H.Technical Data

Structure: aluminum

Bottom with adjustable rubber to adjust the height.

The totai weight is less than 200kgs.
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Jinan Should Shine Didactic Equipment Co., (d,

Working environment: -10'C~40°C, Humidity<85%
Test beam

Steel 2

Built-in/Knife Edge Support 2

Hanger sliders 2

Load hangers 2

Dial Indicators 2.

Digital Indicator with digital output instead of Dial Indicators
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1 Product overview

1.1 Overview !

The thermal insulation of building materials is an important research fieid of building physics, which
studies how to ensure a comfortable indoor climate throughout the year while consuming less energy.
This is mainly achieved by using building materials with high heat resistance and low heat dissipation.
The ZT0010 building material thermal conductivity test bench is a training and teaching device used in
the laboratory to study the thermal conductivity of various non-metallic building materials. The test bench
is equipped with samples made of different materials: wooden boards and acrylic boards. The samples
have the same size to reduce the experimental error. During the experiment, they are placed between
the heating plate (electric heating) and the water cooling plate. The sample fixture can ensure that the
same experimental conditions are provided for different experimental samples. Set the temperature of
the hot plate and the cold plate on the software before the start of the experiment. The temperature is
kept constant by the temperature controller, The temperature sensor is arranged at the cooling water
inlet and outlet and the center of the sample plate to measure the temperature. The heat flux between
the heating plate and the water cooling plate is determined by the heat flux Sensor measurement. The
entire shell is insulated to eliminate interference caused by changes in external temperature conditions.
The measured value can be directly transferred to the PC via USB for further processing. Through
related experiments, you can be familiar with the basic knowledge of heat conduction and building
materials.
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1.2 Features
ZT0010 experimental platform is equipped with different properties of building materials to compare

and study the thermal conductivity;

The experimental bench is equipped with a temperature control system to ensure a constant

temperature during the experiment;
The test bench has sample fixtures to ensure that the same experimental conditions are provided for

different experimental samples;
The outer shell of the test bench is insulated as a whale to avoid the influence of the difference in
external temperature on the test results;
The data of various physical quantities in the experiment process of the workbench can also be
transferred to the PC through the USB interface for further processing;

2 performance parameters

Mot name specification mark
: heater power 500W
temperature 80T
Testing sample | o
thickness Slmm
material Wood, acrylic 5 i
Measuring range
3*0-100C
temperature 2*0-200C
0.1-2.5L/min
flow
| 230V, 50Hz, single
Power Voltage frequency phase
dimension Length x width x height ; -
710x440x550mm
(Ontology )
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Length x width x height

9 gh 710x440x200mm
(control box)

weight % 90kg

3 Product composition

3.1 Overview of composition

1 Codling water outlet
2 Compression knob

3 Power indicator light
4 Heating switch

5 Heating indicator

& Thermostat

7 USB interface

8 Cooling water inlet

9 Experimental materials
10 Heating panel

11 Cooling unit

3.2 Principle overview
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4 can complete the experiment content
4.1 Determination of thermal conductivity of cork boards
4.2 Determination of thermal conductivity of acrylic sheet
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1.Description

Centrifugal pumps are turbomachines that are used for conveying fiuids. The HM 150.04 unit can be
used to study a centrifugal pump and to record a typical pump characteristic curve.

The experimental unit includes a self-priming centrifugal pump, a ball valve on the outlet side and
manometers on the inlet and outlet side. It is driven by an asynchronous motor. The speed is infinitely
adjustable by using a frequency converter. A ball valve is used to adjust the head.

In experiments, the operating behaviour of the pump as a function of the flow rate is studied and
displayed in characteristic curves. The motor’s speed and electrical power are displayed digitally.
Pressures on the inlet and outlet side are displayed on two manometers.

The experimental unit is positioned easily and securely on the work surface of the HM 150 base module.
The pump draws in water from the tank on the base module HM 150. The flow rate is determined
volumetrically by flowing back into the measuring tank on HM 150.

2.Specification

investigation of a centrifugal pump

drive with variable speed via frequency converter

ball valve to adjust the head

manometers on the inlet and outlet side of the pump

digital display of speed and power
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flow rate determined by base module HM 150
water supply using base module HM 150
3.Technical data

Cenfrifugal pump, self-priming

max. flow rate: 3000L/h

max. head: 36,9m

Asynchronous motor

nominal power: 370W

Measuring ranges

pressure (outlet): -1...5bar

pressure (inlet): -1...1,5bar

speed: 0...3000min-1

power: 0...1000W

230V, 50Hz, 1 phase

230V, 60Hz, 1 phase; 120V, 60Hz, 1 phase
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I. Product Overview

1.1 Overview

The tube-type heat transfer test bench is a practical training and teaching device used in the laboratory to study
the heat conduction between fluids in the process of pipeline flow. The core part of the test bench is a casing,
hot water flows in the inner tube, and cold water flows in the outer tube. When flowing, the hot water transfers
part of the heat energy to the cold water. The flow direction of water can be adjusted to study the heat transfer
process in different arrangements such as forward flow and reverse flow. Temperature sensors are arranged at
the inlet and outlet and in the middle of the pipe wall to measure the water temperature and wall temperature.
The hot water circuit consists of a water tank with an electric heater and a water pump, and the flow of hot and
cold water can be adjusted through valves. The temperature and flow of each point in the circuit can be read
directly on the digital display, and can also be directly transmitted to the PC via USB for further processing.
Through related experiments, students can become familiar with the basic knowledge of heat transfer during

pipeline flow.

1.2 Features

The flow direction of water in the loop circulation of the test bench can be adjusted, which is used to test
different heat transfer processes such as forward flow and countercurrent flow;

The circulating water temperature and circulating water flow in the loop can be adjusted smoothly;

Transient data in the process of changing the workbench is directly displayed on the display in digital form;

All kinds of physical quantity data during the change process of the workbench can also be transmitted to the

PC through the USB interface for further processing;

Il. Performance Parameter
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Equipment

Name Specification Remark
Heater Power 3000w
Temperature 20-85°C
Water pump Power 70W
Flow 4m3h
Maximum head 4m
Water tank Volume 6.5L
Heat transfer area Effective heat transfer area 0.013m?2
Measuring range Temperature 7*0-100°C
Flow 2*20-250L/h

Power parameters

Voltage frequency

230V, 50Hz

single-phase

Size parameters

length x width x height

1000x580x1070mm

Weight

About 50kg




_‘ "—l? Jinan Minrry

Technology Equipment Co ., Ltd. ﬁ
| |

I1l. Product Composition

3.1 Composition overview
, 10
T :

" B = : 1

| ¥ ' | 12
o |

13
14
15

1 Hot water circulation pump 2 Drain valve 3 Heat exchange pipe 4 Hot water flow regulating valve 5 Hot
water flow meter 6 Bypass valve 7 Hot water tank 8 Heater

9 Automatic exhaust valve 10 L-shaped ball valve A 11 Control panel (see below for details) 12 Cold water
flow meter 13 L-shaped ball valve B 14 Cold water inlet 15 Cold water outlet
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3.2 Principle overview

Red: hot water circuit Green: cold water circuit T: temperature sensor F flow meter
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3.3 Display Desk Overview

17

18

23
19

20

22 21

17 Temperature Collector 18 Heating Switch 19 Heating Indicator 20 Water Pump Switch 21 Power

Indicator 22 Main Power Switch 23 Thermostat

IV.Preview Content

4.1 Tube and tube heat exchanger

The casing heat exchanger is the simplest heat exchanger, and it belongs to the partition wall heat
exchanger in the classification. The main forms of partition heat exchange are as follows: casing heat
exchanger, plate heat exchanger, cross flow heat exchanger, shell and tube heat exchanger, spiral plate heat

exchanger, this experiment mainly introduces casing heat exchanger Heater, according to the different flow
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directions of the two fluids, there are different arrangements of forward flow and countercurrent arrangement
(Figure a, b). In general, this type of dividing wall heat exchanger is suitable for situations where the heat

transfer is not large or the fluid flow is not large.

.c%: =
) |
Y
(a) (b)

4.2 Heat Exchange Form (Downflow Arrangement and Counterflow Arrangement)

Among the various flow patterns, co-current and counter-current can be regarded as two extreme cases.
Under the same inlet and outlet temperature conditions, the average temperature difference of the
countercurrent is the largest, and the average temperature difference of the downstream is the smallest. It has
been pointed out earlier that the outlet temperature t"2 of the cold fluid is always lower than the outlet
temperature t"1 of the hot fluid in the forward flow, but t"2 can be greater than t"1 in the reverse flow. From
these aspects, the heat exchanger should be arranged as countercurrent as possible, and avoid downstream
arrangement. However, the countercurrent arrangement also has a disadvantage, that is, the highest
temperatures of the hot fluid and the cold fluid are concentrated at the same end of the heat exchanger, making
the wall temperature there particularly high. For high temperature heat exchangers, this should be avoided. In
order to reduce the wall temperature here, sometimes it is even deliberately switched to downstream, and the
high-temperature superheater in the boiler has this arrangement.

In an evaporator or condenser, one of the hot and cold fluids undergoes a phase change. During the phase
change, if the pressure change along the phase change medium is ignored, the fluid remains at the saturation
temperature on the entire heat transfer area. In this case, the temperature changes of the cold and hot fluids in
the condenser and evaporator are shown in the figure below. Since the temperature of the fluid on one side is

constant, this type of heat exchanger does not care about forward flow and reverse flow.

t h

{a) (b)
Theoretical analysis shows that for the heat transfer through the serpentine tube bundles that are common
in engineering, as long as the number of twists and turns of the tube bundle exceeds 4 times, it can be treated
as pure countercurrent and pure forward flow according to the overall flow direction. For the cases where the

number of intersections is 2, 3, 4, and the two fluids are not mixed, specific calculation and analysis are



_"‘_ l? Jinan Minrry Technology Equipment Co., Ltd. ﬁ
| |

required.

For other complex flow patterns, it can be regarded as a situation between forward flow and reverse flow,

and no specific explanation will be given this time.

V. Precautions

The incoming power supply of the test bench should be correctly connected, and the grounding should
be good and reliable.

When using, keep your hands dry and clean, and pay attention not to scratch the surface of the
equipment with sharp objects.

During the experiment, after the circuit is connected correctly, the instructor should confirm that it is
correct before the experiment can be energized. It is strictly forbidden to touch the live part with hands or
conductive objects. If you violate the regulations, you will be responsible for the electric shock.

When working, the power-on experiment must not exceed the rated voltage and power range of the
device.

After the experiment is completed, check whether the switches of the console and the main power

switch are completely turned off.

V1. Software Installation Instructions

A. The installation process of installing the NI runtime environment is as follows:
1. Double-click to install "ni-visa_19.0_online_repack" or the latest version

L4 ni-visa_19.0 online repack

ll

Package Manager

© 2EA6-2020 Notionol Instruments. HKEERHE

2. Click to select "Select All" and click "Next"
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A installing Ni-visa X

Select Agree Review Finish

Additional items you may wish to install:

NI Certificates Installer

NI Certificates configures Microsoft Windows to always trust software from MI. When NI Certificates are installed, no
Windows security popups appear for installers that have a valid National Instruments digital signature.

NI 1/O Trace

Debugging utility for monitering function calls to various Mational Instruments APls.

NI Instrument I/O Assistant LabVIEW 2017 (32-Bit) Support
Provides NI Instrument /O Assistant Support for LabVIEW 2017 (32-bit).
NI PXI Platform Services Runtime

NI PXI Platform Services Runtime supports NI PXI Chassis and Controllers, implements the PXI specifications, and
supplies system services to other NI products.

NI-VISA .NET Development Support
Installs the local assembly for development of NI-VISA applications using the standard .MET API specified by the VI
Foundation.

[L#1 NIVISA NFT Runtime

Select All Deselect All Mext

3. Click "l accept the above 2 license agreements", click "Next"

B instatling 1i-visa X

Select Agree

Finish

You must accept the license agreements below to proceed.

i
NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT

CAREFULLY READ THIS SOFTWARE LICENSE AGREEMENT ("AGREEMENT"). BY DOWNLOADING THE
SOFTWARE AND/OR CLICKING THE APPLICABLE BUTTON TO COMPLETE THE INSTALLATION
PROCESS, YOU AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT. IF YOU DO NOT WISH TO
BECOME A PARTY TO THIS AGREEMENT AND BE BOUND BY ITS TERMS AND CONDITIONS, DO NOT
INSTALL OR USE THE SOFTWARE, AND RETURN THE SCFTWARE (WITH ALL ACCOMPANYING
WRITTEN MATERIALS AND THEIR CONTAINERS) WITHIN THIRTY (30) DAYS OF RECEIPT. ALL
RETURNS TO NI WILL BE SUBJECT TO NI'S THEN-CURRENT RETURN POLICY. If you are accepting these
terms on behalf of an entity, you agree that you have authority to bind the entity fo these terms.

The terms of this Agreement apply to the computer software provided with this Agreement, all updates or

This license agreement applies to the following packages: NI License Manager, NI Update Service, LabVIEW Runtime (32-
bit), NI-VISA

) 1 do not accept all the license agreements.

Back Mext

4. Click "Next"

A installing NI-VISA T4

Select Agree Review Finish

You must accept the license agreements below to proceed.

Microsoft Silverlight 5 EULA Microsoft Silverlight 5.1 Privacy Statement
MICROSOFT SOFTWARE LICENSE TERMS
MICROSOFT SILVERLIGHT 5

These license terms are an agreement between Microsoft Corporation (or based on where you live. one of its
affiliates) and you. Please read them. They apply to the software named above, which includes the media on
which you received it, if any. The terms also apply to any Microsoft

+  updates (including but not limited to bug fixes, patches, updates. upgrades, enhancements, new
versions, and successors to the software, collectively called “updates™),

e  supplements,

+  Internet-based services, and

() 1 do not accept all the license agreements. ©@ | accept the above 2 license agreements.

Back Next

5. Click "Next"
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A installing MI-VISA X

Select Review Finish

=

i)
F
&

Information about the products to be installed.

¥ NI-VISA

IMPORTANT: LabVIEW NXG Support

This version of NI-VISA only installs support for LabVIEW NXG 3.0. Proceeding with this installation will not
enable any new hardware or features in other versions of LabVIEW NXG. If you are not currently installing
LabVIEW NXG, close this window and search for LabVIEW NXG to install both LabVIEW NXG and NI-VISA at
the same time. Upgrading NI-VISA will not remove support for other versions of LabVIEW NXG.

Back Next

6. Click "Next"

B installing Ni-visa x

Select Agree Review Finish

Review the following summary before continuing.

¥ Install
LabVIEW Runtime (32-bit) 2019
MI-VISA 19.0.0
NI Certificates Installer 21.0.0
M1 /O Trace 19.0.0
NI Instrument IO Assistant LabVIEW 2017 (32-Bit) Support 19.0.0
NI PXI Platform Services Configuration 19.0.0
NI PXI Platform Services Runtime 19.0.0
NI Systemn Configuration .NET Runtime 19.0.0
NI-VISA .HET Development Support 19.0.0
NI-VISA.HMET Runtime 19.0.0
NI-VISA C Examples 19.0.0
NI-VISA Confisuration Sunnort 19.0.0
Back Mext

7.Click "Next"

A installing nivisa x

Select Agree Review Finish

Upgrading NI Security Update (KB 87LBLCQW)

Installing NI Security Update (KB B7LBLCQW)

8. After the installation is complete, restart the computer.
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O installing NivisA b4

Select Agree Review Finish

Reboot to complete operation.

Areboot is needed in order to complete the operation.

Reboot Now

B. The PC software installation process is as follows:

1. Put the U disk with the installation software into the computer to run, select and open "Heat Transfer in a
Tubular Heat Exchanger /My Installer/Volume/setup.exe".

2. Click next.

3. Fill in the installation directory, use the default path here, click "next" to enter the next step.

Destination Directory
Select the installation directories

Al software will be installed in the following locations. Ta install software into a
different location, click the Browse button and select another directory.

Directory for Heat Transfer in a Tubular Heat Exchanger

[CZ \Program Files (x88)‘Heat Transfer in a Tubular Heat chhan| l Browsa.. ]
Directory for National Instruments products
[C:\Program Files (x88)\Wational Instrumentsh | [ Dincai |

[ <«Back |[ Mews»» ][ cancel |

4. Go ahead and click next.
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4 Heat Transfer in a Tubular Heat Excha

Start Installation
Review the follawing summary before continuing,

Cannot install
= NI4/IS4 19.0 (higher version alieady installed)
Runtime Support (higher version already installed)

Adding or Changing
» Heat Transfer in a Tubular Heat Exchanger Files

Click the Next button ta begin installstion. Click the Back button to change the installation settings.

[saveFie.. | [ <cBack | MWest>» [  cancel |

5. The software starts to install, as shown in the figure below.

Owerall Progress: 0% Complete

T )

6. After the installation is complete, the following window will pop up, click "finish" to exit the installation.
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Installation Complete

The installer has finiched updating your system.

44 Back Ment »»

7. Install the data line driver.
Enter disc

(MDouble-click the icon below

&8 CH341SER

@Click "Install" in the picture below

% DriverSetup(X64) = |

Device Driver Install / Uninstall

Select INF File: [SgEERRI=RNI I3 -
WCH.CN
l INSTALL | _ USB-SERIAL CH340
| 11104/2011, 3.3.2011.11
‘ UNINSTALL
‘ HELP

b

(3Click "OK", the driver installation is complete
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#8 DriverSetup(X64) L= (kg |

Device Driver Install { Uninstall

Select INF File : CH341SER.INF v
‘rDr'lverSetup e £ M1 ]
I

; r0| The drive is successfully Pre-installed in advance!
U -

|

[% F.

8. When the installation is complete, click Finish. and restart the computer.
9.After the installation is complete, start the software and open “Heat Transfer in a Tubular Heat
Exchanger /Application”, as shown in the figure below.

The main menu interface is as follows:

(2 Heat

Transfer in » Tubular Heat ger, = |
File Edit Operate Tools Window Help I
228
Rin menu |Graph |Data sheet Heat Transfer in a Tubular Heat Exchanger cow S ] svop [
T1 T2 T3 T4 T5 T6 T7
100~ 100 100 100+ 100- | 100- 100-
507 90- 20- 503 %01 s0: %03
802 80 80-] 803 e 5o 80}
70 70° 70 707 707 707 707
603 603 602 602 &0 50 LE
s’ 503 502 50 0% 50 0%
40: a2 0° 407 e E a0°
2: 30 303 302 20} 0% 203
ZUl Iﬂj QD‘ 20‘: ZD, 207 20
10~ 10*; lDé ID*; 10% (0*; 10%
0 o 0 07 [3 0- ]
0 < 0 b o 2 0 < o °c o e 8 (] <

bula ,;::' t Exx ervi] (s] a1l =
Tools Window Help =
R
[@1n menu | urdapn [Data sheet | Treac rransier inra ruouiar 1reac cAcriar lgci Ebﬁﬂiﬂ éfop @ i
T1 AND T2 T A 12 [N T3 AND T4 13 [V 14 [N
lj 17
0.8 087
0.6 067
o 04 o 04
g 5
2 023 ‘a 0.2
= B = O
o 3
g-u.z g-u.z-
E 04 = 04
0.6 0.6
0.8 -0.8-
-1 o b & -1 o 1
| TIE | THE
| Ea | . » | ERe -
™ 15 [V T6 AND T7 ™% [V |17 [N
[ 1j ( 14 —]
08 08
0.6 0.6-
o 04 » 04
5o &
£ of
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The data table interface is as follows:

»E @
a1m menu [ Graph| ata SOeet |

TTEan TTarnster na Tuuuiar Tieat LACTanyger o 5] 5707 [ 518
N0. DATE T1 T2 3 T4 5 6 7 .

1 2023/3/20 10.35:28 000 000 000 0.00 000 0.00 0.00

2 2023/3/20 10.35:29 0,00 0.00 0.00 000 0.00 .00 000

3 2023/3/20 10:35:30 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4 2023/3/20 10:35:31 000 “0.00 000 000 650 6.00 .00

5 2023/3/20 10:35:32 0.00 0.00 0.00 0.00 0.00 0.00 0.00

& 2023/3/20 10:35:33 0.00 0.00 0.00 0.00 0.00 0.00 0.00

7 2023/3/20 103534 000 0.00 0.00 [ [ 500 .00

8 2023/3/20 10:35:35 000 000 000 000 000 0,00 0,00

5 2023/3/20 10:35:36 000 0.00 000 000 600 [ 000

10 2023/3/20 103537 000 0.00 000 000 0.00 0.00 0.00

n 2023/3/20 10.35:38 0.00 0.00 000 000 500 0.00 0.00

12 2023/3/20 10:35:39 0.00 0.00 0.00 0.00 0.00 0.00 0.00

13 2023/3/20 10:35:40 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0 2023/3/20 10:35:41 000 000 000 000 [ %00 200

15 2028/3/20 10:35:42 0.00 0.00 0.00 0.00 0.00 0.00 0.00

16 2023/3/20 10.35:43 000 000 000 000 500 0.00 0.00

17 2023/3/20 103544 0,00 0,00 000 0.00 0.00 .00 0.00

18 2023/3/20 10:35:45 0.00 0.00 0.00 0.00 0.00 0.00 0.00

g 2023/3/20 10:35:46 600 000 000 050 [ 500 500 A

20 2023/ 3/20 10:35:47 0.00 0.00 0.00 0.00 0.00 0.00 0.00

21 2023/3/20 10:35:48 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 2023/3/20 103549 900 000 000 000 [ 500 500

= 2023/3/20 103550 900 000 000 000 [ 000 500

) 2023/3/20 103551 000 0.00 000 000 600 600 000

5 2023/3/20 10:35:52 0.00 0.00 000 00 0.00 0.00 0.00

% 2023/5/20 10.35:53 0.00 0.00 000 000 600 000 000

VIl. The experimental content can be completed

Experiment 1: Influence of Temperature on Heat Exchange Process in Pipeline Heat Transfer with
Downstream Arrangement

Experiment 2 Influence of Flow Rate on Heat Exchange Process in Pipeline Heat Transfer with
Downstream Arrangement

Experiment 3 Influence of initial value of temperature in heat transfer of double-pipe heat exchanger with
countercurrent arrangement

Experiment 4 Influence of Flow Rate on Heat Exchange Process in Heat Transfer of Pipelines with
Counter-current Arrangement

Experiment 5 Software usage

Experiment 6 Software data export

VIIl. Experiment Overview

1 Experiment purpose

1) Deepen students' basic understanding of the heat transfer process between fluids in pipeline flow.

2) Explore the influence of different flow channel arrangements on the pipeline flow.

3) Analyze the entire heat transfer process of the pipeline flow, and try to calculate the efficiency of the
heat exchanger NTU (the dimensionless number of heat exchanger design).

4) Enabling students to fully participate in the entire scientific research experiment process including

preliminary design, and cultivating students' ability to innovate and develop.
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2 Experimental equipment

1. Heat conduction process test bench
2.1 sets of USB cables

3 Experimental hypothesis

Experimental assumptions

According to the characteristics of the actual process, in order to facilitate the experimental solution, the
following two assumptions are made for the experimental process:

(1) The thermal conductivity and heat transfer coefficient of the sample to be tested are constant;

(2) Water is regarded as a constant in the experiment;

4 Experimental principle

4.1 Heat transfer analysis of circular tube wall heat transfer

The surface areas of the inside and outside of the tube are not equal,
so the heat transfer coefficients are numerically different for the ! inside
and for the outside. The following is an analysis of the heat transfer
process of a segmented circular tube.

The inner radius of the pipe is ri, the outer radius is r0, the thermal
conductivity of the pipe wall material is A, the heat transfer
coefficients of the inner and outer composite surfaces of the pipe are hi
and hO respectively, the inner and outer wall temperatures are twi and
tw0 respectively, the temperature of the fluid inside and outside the pipe ffi
and tfO respectively. The heat transfer process includes three links: r the
fluid in the tube to the inner wall of the tube, the inner wall of the tube to

the outer wall, and the outer wall of the tube to the outer fluid. Under steady-state conditions, the heat flow ¢

through each link is constant. The temperature difference in each link can be expressed as follows:

D o d, D

tpt,=—— t -t ,=——In toogty=—
P hadl UM 2@l d, " hyad,l

The above three formulas are sorted out:

Do nl(t ﬁ-tfo)
1 1. d, 1
— 4+ —In%+—
hd. 21 d, hd,

The heat transfer coefficient is expressed by:

@ = kalt -t )= kAAA
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Therefore, the formula for calculating the heat transfer coefficient based on the area can be obtained:

4.2 Calculation of heat exchanger efficiency

The ¢ of flow process efficiency is defined as:

In the formula, the denominator is the maximum possible temperature difference of the fluid in the heat
exchanger, and the numerator is the larger of the actual temperature difference of the cold fluid or the hot body
in the heat exchanger. For example, if the temperature of cold water changes greatly before and after, the
numerator is the temperature difference before and after the temperature of cold water, and if the temperature
of hot water changes greatly before and after, the numerator is the temperature difference before and after the
temperature of hot water.

If € is known, the heat exchanged by the heat exchanger can be directly determined:
@ = (ch)mm (t,-t”)max = 8(qmc)m1n (t’-[”)
Extend the above formula to define NTU performance:

NTU:k—A

(qm ¢ )min

When arranged downstream:

NTU efficiency € can be calculated by the equation:

I- exo{(-N r U)[Hm}

&=

When arranged countercurrently:
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NTU efficiency € can be calculated by the following equation:

1- exp{(-NTU)[l - EZZE;:}
[l-m} exp{(-NTU{I-EZ;’ZS;Z‘J}

E =

5 Experimental content

Experiment 1: Influence of Temperature on Heat Exchange Process in Pipeline Heat Transfer

with Downstream Arrangement

1.1 Purpose of the experiment
Understand the pros and cons of heat transfer in parallel flow pipelines
Master the whole heat transfer process of heat exchange between fluids
Analyze the influence of the initial temperature on the heat transfer efficiency of the heat exchanger

1.2 Experimental steps

1. Check whether the valves and water pump switches are closed, and start the experiment after checking.
(If the switch was not turned off in the last experiment, it should be completely turned off before starting the
experiment)

2. Before the official test, the water should be passed through for a tightness test, and the inspection is
confirmed to be correct;

3. Add water to the hot water tank, turn on the hot water circulation pump, and confirm that the hot water
circuit is connected,;

4. Add water to the cold water circuit through the cold water inlet, confirm that the cold water circuit is
connected, and adjust the L-shaped ball valve to adjust the heat transfer form to downstream heat transfer;

5. After waiting for the circulation in the loop to stabilize, record the circulating water flow through the flow
meter. This experiment is to explore the influence of the initial temperature value on the heat exchange process.
This flow should not be changed in the following steps;

6. Turn on the power switch, confirm that the power indicator light is on, and then turn on the heating
switch;

7. Record the value of the temperature collector, and start the test after reaching the set initial value. The
initial value can be drawn up according to the classroom, and experiments can be carried out at 40°C, 50°C,
and 60°C to test the performance of the heat exchanger and the heat transfer curve

8. When the temperature in the hot water circuit reaches the initial value (the instrument data fluctuation

range is <1%), record the transient values of each temperature measuring point in the cold water circuit every
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2s, and record the data in the table below

9. Record 20 sets of data as discrete points;

10. Repeat the test many times, and take the average value of the instrument value to avoid errors due to
operational errors.

11. After a set of experiments is over, multiple sets of experiments should be carried out under different
initial temperature values;

12. Process the experimental data, draw the discrete points into a drawing curve, and analyze the entire
heat transfer process of the downstream heat exchanger;

13. Process the experimental data, and calculate the efficiency coefficient and NTU efficiency coefficient of

the downstream heat exchanger at different temperatures according to the data;

At the end of the experiment, empty the water in the circuit through the drain valve, close each valve, water

pump switch, and power switch in order, and put away the experimental equipment.

Experiment 2 Influence of Flow Rate on Heat Exchange Process in Pipeline Heat Transfer with

Downstream Arrangement

2.1 Purpose of the experiment

Master the whole heat transfer process of heat exchange between fluids

Analyze the effect of the flow rate on the heat transfer process of the heat transfer process of the pipeline
arranged in parallel

2.2 Experimental steps

1. Check whether the valves and water pump switches are closed, and start the experiment after checking.
(If the switch was not turned off in the last experiment, it should be completely turned off before starting the
experiment)

2. Before the official test, the water should be passed through for a tightness test, and the inspection is
confirmed to be correct;

3. Add water to the hot water tank until the liquid level reaches 2/3 of the maximum liquid level, turn on the
hot water circulation pump, and confirm that the hot water circuit is connected;

4. Add water to the cold water circuit through the cold water inlet, confirm that the cold water circuit is
connected, and adjust the L-shaped ball valve to adjust the heat transfer form to downstream heat transfer;

5. After waiting for the circulation in the loop to stabilize, record the circulating water flow through the flow
meter;

6. Turn on the power switch, confirm that the power indicator light is on, and then turn on the heating
switch;

7. Record the value of the temperature collector, and start the test after reaching the set initial value. The
initial value can be drawn up according to the classroom. This experiment is an analysis of the influence of flow
in the heat exchange process. The initial value set by the thermostat is used in the experiment. The process

should not change;
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8. When the temperature in the hot water circuit reaches the initial value (the fluctuation range of the

instrument data is <1%), record the values of each temperature measuring point in the cold water circuit every
2s, and record the data in the table below

9. Record 20 sets of data as discrete points;

10. Repeat the test many times, and take the average value of the instrument value to avoid errors due to
operational errors.

11. After this group of experiments is over, conduct experiments under different initial values of cold water
flow through the cold water flowmeter, eliminate errors and record data according to the above requirements,
and record at least 3-5 sets of data in order to ensure the stability of the law;

12. Process the experimental data, draw the discrete points to draw the heat transfer curve, and analyze
the entire heat transfer process of the downstream heat exchanger

13. Process the experimental data, and calculate the efficiency coefficient and NTU efficiency coefficient of

the heat exchanger arranged in parallel under different flow rates according to the data

At the end of the experiment, empty the water in the circuit through the drain valve, close each valve, water

pump switch, and power switch in order, and put away the experimental equipment.

Experiment 3 Influence of initial value of temperature in heat transfer of double-pipe heat exchanger

with countercurrent arrangement

3.1 Purpose of the experiment
Understand the advantages and disadvantages of countercurrent arrangement of pipeline heat
exchange
Master the whole heat transfer process of heat exchange between fluids
Analyze the influence of the initial temperature on the heat transfer efficiency of the heat exchanger
3.2 Experimental steps
1. Check whether the valves and water pump switches are closed, and start the experiment after checking.
(If the switch was not turned off in the last experiment, it should be completely turned off before starting the
experiment)
2. Before the official test, the water should be passed through for a tightness test, and the inspection is
confirmed to be correct;
3. Add water to the hot water tank until the liquid level reaches 2/3 of the maximum liquid level, turn on the
hot water circulation pump, and confirm that the hot water circuit is connected;
4. Add water to the cold water circuit through the cold water inlet, confirm that the cold water circuit is
connected, and adjust the L-shaped ball valve to make the heat exchange form countercurrent heat exchange;
5. After waiting for the circulation in the loop to stabilize, record the circulating water flow through the flow
meter. This experiment is to explore the influence of the initial temperature value on the heat exchange process.
This flow should not be changed in the following steps;

6. Turn on the power switch, confirm that the power indicator light is on, and then turn on the heating
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switch;

7. Record the value of the temperature collector, and start the test after reaching the set initial value. The
initial value can be drawn up according to the classroom.

8. When the temperature in the hot water circuit reaches the initial value (the fluctuation range of the
instrument data is <1%), record the values of each temperature measuring point in the cold water circuit every
2s, and record the data in the table below

9. Record 20 sets of data as discrete points;

10. Repeat the test many times, and take the average value of the instrument value to avoid errors due to
operational errors.

11. After this group of experiments is over, conduct experiments at different initial temperature values
through the thermostat, eliminate errors and record data according to the above requirements, and record at
least 3-5 sets of data in order to ensure the stability of the law;

12. Process the experimental data, draw the discrete points to draw the heat transfer curve, and analyze
the entire heat transfer process of the countercurrent arrangement heat exchanger

13. Process the experimental data, and calculate the efficiency coefficient of the countercurrent
arrangement heat exchanger under different flow initial values according to the data;

14. Compared with Experiment 1, analyze the influence of different heat transfer forms on the heat transfer
process and analyze the reasons according to the preview content and experimental principles (if Experiment 1

is not completed, this step is skipped);

At the end of the experiment, empty the water in the circuit through the drain valve, close each valve, water

pump switch, and power switch in order, and put away the experimental equipment.

Experiment 4 Influence of Flow Rate on Heat Exchange Process in Heat Transfer of Pipelines with

Counter-current Arrangement

4.1 Purpose of the experiment
Master the whole heat transfer process of heat exchange between fluids
Analyze the influence of the flow rate of the heat transfer process of the pipeline arranged in
countercurrent on the heat transfer process
4.2 Experimental steps
1. Check whether the valves and water pump switches are closed, and start the experiment after checking.
(If the switch was not turned off in the last experiment, it should be completely turned off before starting the
experiment)
2. Before the official test, the water should be passed through for a tightness test, and the inspection is
confirmed to be correct;
3. Add water to the hot water tank until the liquid level reaches 2/3 of the maximum liquid level, turn on the
hot water circulation pump, and confirm that the hot water circuit is connected;

4. Add water to the cold water circuit through the cold water inlet, confirm that the cold water circuit is
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connected, and adjust the L-shaped ball valve to make the heat exchange form countercurrent heat exchange;

5. After waiting for the circulation in the loop to stabilize, record the circulating water flow through the flow
meter,;

6. Turn on the power switch, confirm that the power indicator light is on, and then turn on the heating
switch;

7. Record the value of the temperature collector, and start the test after reaching the set initial value. The
initial value can be drawn up according to the classroom. This experiment is an analysis of the influence of flow
in the heat exchange process. The initial value set by the thermostat is used in the experiment. The process
should not change;

8. When the temperature in the hot water circuit reaches the initial value (the fluctuation range of the
instrument data is <1%), record the values of each temperature measuring point in the cold water circuit every
2s, and record the data in the table below

9. Record 20 sets of data as discrete points;

10. Repeat the test many times, and take the average value of the instrument value to avoid errors due to
operational errors.

11. After this group of experiments is over, conduct experiments under different initial values of cold water
flow through the cold water flowmeter, eliminate errors and record data according to the above requirements,
and record at least 3-5 sets of data in order to ensure the stability of the law;

12. Process the experimental data, draw the discrete points to draw the heat transfer curve, and analyze
the entire heat transfer process of the countercurrent arrangement heat exchanger

13. Process the experimental data, and calculate the efficiency coefficient of the countercurrent
arrangement heat exchanger under different flow initial values according to the data;

14. Compared with Experiment 2, analyze the influence of different heat transfer forms on the heat transfer
process and analyze the reasons according to the preview content and experimental principles (if Experiment 2

is not completed, this step is skipped);

At the end of the experiment, empty the water in the circuit through the drain valve, close each valve, water

pump switch, and power switch in order, and put away the experimental equipment.

Experiment 5 Software usage

Turn on the main switch, the power indicator light is on, make sure that no parts are running and the device
is in standby. Connect the PC to the USB communication interface, select the com port, and click "continuous
operation" to read the current device value.

The main menu interface is as follows:
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The data table interface is as follows:

{3 Heat Transf { v
Fle Edit Operate Tools Window Help ]
3 & @ L
'ﬂTIT‘ﬂl'ErlU_TGTﬁm“ Datda sneet ’—I1Cal'1l'ﬂ'")|c!' mra rupuian ricat LALanyer COM &I | STOP STOP l_ i
NO. DATE Tl T2 T3 T4 T5 T6 7 E-
1 2023/3/20 10:35:28 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 2023/3/20 10:35:29 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[] 0.00 0.00 000 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 000 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 6.00 0.00 0.00
9 0.00 0.00 000 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 000 0.00 0.00 0.00 0.00
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 0.00 0.00 000 0.00 0.00 0.00 0.00
14 0.00 0,00 0.00 0.00 5.00 5.00 0.00
15 0.00 0.00 000 0.00 0.00 0.00 0.00
1 2023/3/20 10:35:43 0.00 000 0.00 0.00 0.00 0.00 0.00
7 2023/3/20 20:35:44 0.00 0.00 0.00 0.00 0.00 0.00 0.00
% 2023/3/20 10:35:45 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 2023/3/20 10:35:48 000 0.00 0.00 0.00 0.00 0.00 0.00 F
20 2023/3/20 10:35:47 000 0.00 0.00 0.00 0.00 0.00 0.00
n 2023/3/20 10:35:48 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2z 2023/3/20 10:35:49 0.00 0.00 000 0.00 0.00 0.00 0.00
23 2023/3/20 10:35:50 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24 2023/3/20 10:35:51 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 2023/3/20 10: 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2% 2023/3/20 10:35:53 0.00 0.00 0.00 0.00 0.00 0.00 0.00

The parameters of the equipment are monitored through the software.
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Experiment 6 Software data export

Turn on the main switch, the power indicator light is on, make sure that no parts are running and the device
is in standby. Connect the PC to the USB communication interface, select the com port, and click "continuous

operation" to read the current device value.

The data table interface is as follows:

NO. DATE T1 T2 T3 T4 5 T6 T7 .
3 2023/3/20 10:35:28 0.00 0.00 000 0.00 0.00 .00 .00
2 2023/3/20 10:35:29 0.00 000 0.00 0.00 0.00 0.00 0.00
3 2023/3/20 10:35:30 0.00 0.00 0,00 0.00 .00 [ 0,00
4 2023/3/20 10:35:31 000 000 000 [ .00 0.00 0.00
5 2023/3/20 10:35:32 0.00 000 000 0.00 0.00 0.00 0.00
0 2023/3/20 10:3538 0.00 000 000 000 0.00 0.00 0.00
7 2023/3/20 103534 0.00 000 000 000 .00 [ 0.00
0 2023/3/20 103535 0.00 000 .00 0.00 5.00 [ 5.00
B 2023/3/20 10:35:36 0.00 0.00 0.00 0.00 .00 0.00 0.00
1 2023/3/20 10:35:37 0.00 0.00 000 0.00 0.00 0.00 0.00
u 2023/3/20 10:35:38 0.00 0.00 000 0.00 0.00 000 0.00
1z 2023/3/20 10:35:39 000 000 000 0.0 0.00 0.00 0.00
13 2023/3/20 10:35:40 0.00 000 000 0.00 0.00 0.00 0.00
0 2023/3/20 10:3541 0.00 000 000 0.00 500 500 500
15 2023/3/20 103542 0.00 000 000 0.00 .00 [ 0.00
16 2023/3/20 10:35:43 0.00 0,00 000 0.00 0.00 0.00 0.00
5 2023/3/20 10:35:44 0.00 0.00 000 0.00 0.00 0.00 0.00
1B 2023/3/20 10:35:45 0.00 000 0.00 0.00 .00 000 0.00
1 2023/3/20 10:35:46 000 000 0.00 0.0 .00 500 .00 3
£ 2023/3/20 10:35:47 000 000 0.00 000 .00 0.00 0.00
n 2023/3/20 10:35:48 0.00 000 000 0.00 500 500 3
z 2023/3/20 103549 0.00 000 000 0.00 500 500 000
= 2023/3/20 10:35:50 0.00 000 000 0.00 .00 0.00 0.00
2 2023/3/20 103551 000 000 000 000 .00 000 0.00
= 2023/3/20 10:35:52 000 000 000 0.00 .00 [ 000
3 2023/3/20 10:35:53 000 000 000 000 500 [ [

The parameters of the equipment are monitored through the software.
| .
e

4 Data output |

Click "Data Export" in the lower right corner and select the corresponding file format to export the data file.

6 Precautions

The incoming power supply of the test bench should be correctly connected, and the grounding should be
good and reliable.

The power-on experiment shall not exceed the rated voltage and power range of the device.

The measuring instrument on the panel of the test bench shall not exceed its rated range when used (see
1.2 performance parameters).

After the experiment, please check whether the valves and console switches are completely closed.

Please conduct the experiment strictly according to the guidance of the experiment instruction book, so as

not to cause harm to the experimenters due to misoperation.
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Appendix 1: Experimental Data Recording Form
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MRO24R Compressor Training System

User Manual

Jinan Minrry Technology Equipment Co., Ltd.



Precautions

1. The equipment cannot be tilted, and the inclination angle cannot exceed 45 degrees to prevent the oil in
the compressor from leaking and damage the compressor.

2. The compressor is filled with the optimum amount of special refrigeration oil, which cannot be added or
poured out at will.

3. In order to ensure the balance of the system, the running time of the compressor should not be less than 4
minutes.

4. The compressor cannot withstand high pressure or start and run under vacuum conditions, and the
compressor cannot be used to vacuum the system.

5. The working environment temperature of the compressor should not be higher than 43°C.
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IV. Product Overview

1.1 Overview

A compressor is a driven fluid machine that elevates low-pressure gas to high-pressure gas, and is the
heart of the refrigeration system. It inhales low-temperature and low-pressure refrigerant gas from the
suction pipe, drives the piston to compress it through the operation of the motor, and discharges
high-temperature and high-pressure refrigerant gas to the exhaust pipe to provide power for the
refrigeration cycle. In this way, the refrigeration cycle of compression—condensation (heat
release)—expansion—evaporation (heat absorption) is realized. Through relevant experiments, this
training device can be familiar with the use of compressors, master its principles and control methods,
and cultivate students' corresponding knowledge and skills. It is suitable for teaching and skills related to
higher vocational schools, junior colleges, secondary vocational schools, and technical schools. Training

assessment.

1.2 Features

(1) The compressor training device adopts an aluminum profile frame structure, which is light in weight,
firm in structure, and elegant in appearance. All training components are installed on the panel, which is
easy to use and not easy to damage.

(2) The training platform has a good safety protection system.

V. Performance Parameter

Input power: AC220V/50Hz

Weight: <<50kg

Working conditions: ambient temperature -10°C ~+40°C relative humidity <85% (25°C)
Dimensions: 670mmx340mmx650mm

Machine capacity: <1KVA
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VI. Components List and Detailed Introduction

3.1 Main part
== e A
‘0 | - es seees see
v v
Number Name
Features
Piston compressor for Acts as a compression-driven refrigerant in the
1
refrigerator refrigerant circuit
Control the opening and closing of the fans on both
2 Waterproof power control box sides of the evaporator and condenser of the
equipment
The low-temperature condensed gas passes
through the evaporator, exchanges heat with the
3 Evaporator
outside air, liquefies and absorbs heat, and achieves
cooling effect
Used to cool and condense refrigerant vapor
4 Condenser
discharged from the compressor
5 Support frame Supported by aluminum profiles, light in weight,
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firm in structure, simple and beautiful

3.2 Power box part

o

T

A T e s e
i

Compressor Trnl_lﬂslg System

11
CR

Number Name Function
1 High pressure gauge Measuring the high pressure of the
refrigerant in the pipeline
2 Low pressure gauge Measuring the low pressure of the
refrigerant in the pipeline
3 250V AC pointer voltmeter Measuring voltage
4 5A AC ammeter measuring current
5 Breaker Circuits that control equipment
6 Red light Judging whether the 220V terminal is
powered on
7 Rotary Switches Control the power supply of 220V
terminal
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8 5A Fuse Prevent excessive current from
burning the circuit
9 Output 220V yellow and blue 4mm Output 220V power supply
terminal
10 Start capacitor Start the motor with a capacitor
11 Running capacitance Improve the starting performance and
operating efficiency of electric motors
12 Hammer starter Start the compressor
13 PTC launcher Prevent overvoltage, overcurrent,
overload

14 Overload protector Prevent the main power line from

overheating and damage to the protector
due to overload

3.3 Equipment configuration list

Number Name Quantity
Component 1 High pressure gauge 1
Component 2 Low pressure gauge 1
Component 3 250V AC pointer voltmeter 1
Component 4 5A AC ammeter 1
Component 5 Breaker 1
Component 6 Red light 1
Component 7 Rotary Switches 1
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Component 8 5A Fuse 1
Component 9 4mm terminal 2
Component 10 Start capacitor 1
Component 11 Running capacitance 1
Component 12 Hammer starter 1
Component 13 PTC launcher 1
Component 14 Overload protector 1
Component 15 Frame 1
Component 16 Piston compressor for refrigerator 1
Component 17 Waterproof power control box 1
Component 18 Evaporator 1
Component 19 Condenser 1

3.4 Accessories

Number Name Quantity
1 Yellow double-ended 1m 4mm safety electrical cable 1
2 Black double-ended 0.5m 4mm safety electrical 10
cable
3 Blue double-ended 1m 4mm safety electrical cable 1
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4 European power cord 1

3.5 Component Function Introduction

Component 1 name: Piston compressor for refrigerator

Parameters: working voltage 220-240V-50HZ, using R134a refrigerant

Purpose: It plays the role of compressing and driving refrigerant in the refrigerant circuit.

Component 2 Name: Condenser

Parameters: Air-cooled condenser

Purpose: Used for cooling and condensing the refrigerant vapor discharged from the compressor

Component 3 Name: Evaporator
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Parameters: Equipped with multi-turn evaporating coil
Purpose: The low-temperature condensed gas passes through the evaporator, exchanges heat with

the outside air, liquefies and absorbs heat, and achieves cooling effect

Component 4 name: Start capacitor

- ‘I|—a :

Parameters: 80uf
Purpose: It can provide pulse current to the starting motor of the compressor, so as to start the air

conditioner.

Component 5 name: Overload protector
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Parameters: 1/5HP

Purpose: To prevent the main power line from being damaged by overheating of the

protector due to overload

VIl. Experiment List

Experiment 1 Compressor winding measurement experiment

Experiment 2 Starting mode of heavy hammer starter, compressor operation
experiment

Experiment 3 Hammer starter, capacitor starting mode, compressor operation
experiment

Experiment 4 Hammer starter, capacitor start-capacitor operation mode, compressor
operation experiment

Experiment 5 PTC thermistor start mode, compressor operation experiment

Experiment 6 PTC thermistor, capacitor start mode, compressor operation
experiment

Experiment 7 PTC thermistor, capacitor start-capacitor operation mode, compressor

operation experiment

VIIl. Experiment Operation

Experiment 1 Compressor winding measurement experiment

(1) Purpose of the experiment:

Familiar with the composition and internal structure of the compressor. Understand
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how compressors work.

(2) Experimental equipment:

Compressor training device

Multi-function multimeter (self-provided)

(3) Experimental principle:

A compressor is a driven fluid machine that elevates low-pressure gas to

high-pressure gas, and is the heart of the refrigeration system. It inhales low-temperature

and low-pressure refrigerant gas from the suction pipe, drives the piston to compress it

through the operation of the motor, and discharges high-temperature and high-pressure

refrigerant gas to the exhaust pipe to provide power for the refrigeration cycle. In this way,

the

refrigeration cycle of compression—condensation (heat

release)—expansion—evaporation (heat absorption) is realized.

(4) Experimental process:

Compressor
comz com1
com3
Turn the multimeter to the ohm position, insert the test lead between the COM1

terminal and the COM2 terminal, and record the resistance value;

Insert the test lead between the COM1 terminal and the COMS3 terminal, and record

the resistance value;

Insert the test lead between the COM2 terminal and COMS3 terminal, and record the

resistance value.

(5) Summary:

Through measurement, it is found that the S-M resistance is the largest; the C-S

resistance is relatively small; the C-M resistance is the smallest, and the C-S resistance

plus the C-M resistance is equal to the S-M resistance. So C is the common terminal, S is

the starting winding end, and M is the running winding end. Through the measurement

experiment, | am familiar with the composition and internal structure of the compressor.

Have a better understanding of the working principle of the compressor.

(6) Matters needing attention:

1) When using, keep your hands dry and clean, and pay attention not to scratch the

1
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surface of the equipment with sharp objects.

2) During the experiment, after the circuit is connected correctly, the instructor should
confirm that it is correct before the experiment can be energized. It is strictly forbidden to
touch the live parts with hands or conductive objects. If you violate the regulations, you will
be responsible for the electric shock.

3) After the test bench is used, the main power switch must be turned off, and the
handle of the circuit breaker should be broken down.

4) The measuring instrument on the panel of the laboratory bench shall not exceed its
rated range when used.

5) In an emergency, turn off the circuit breaker to cut off the main power supply. After
the emergency is resolved, you must first press the reset button on the circuit breaker
before sending power again, otherwise the circuit breaker cannot work normally, and it is

strictly forbidden to send power forcibly .

Experiment 2 Starting mode of heavy hammer starter, compressor operation

experiment

(1) Purpose of the experiment:

Familiarize yourself with how the compressor starts. Master the wiring method and
principle of the heavy hammer starting method

(2) Experimental equipment:

Compressor training device

One meter 4mm safety electrical cable several

(3) Experimental principle:

When the compressor starts, the current is very large, so that the coil of the starter
generates a large magnetic field, and the weight in the starter moves under the action of
this electromagnetic force, so that the moving contact contacts the fixed contact of the
starting winding, and the compressor's The starting winding is connected to the circuit,
and the compressor starts to run. When the motor speed reaches about 75%, the current
decreases, and the magnetic field generated by the coil of the starter is not enough to
attract the weight. The circuit is disconnected, the compressor start is completed, and the
running winding current enters a normal state. Generally, the entire startup process takes
about 0.3-2 seconds to complete.

When the power supply voltage is lower than the allowable range, the weight of the
starter cannot be attracted by the electromagnetic force, and the starting winding will not
be connected to the circuit, so the compressor cannot be started. At this time, the current

passing through the running winding is very large, which will burn the winding. When the
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power supply voltage is too high and exceeds the allowable range, the movable contact in

the hammer starter will be stuck to the fixed contact of the starting winding, and the
starting winding cannot be disconnected from the circuit and will be burned, so the
hammer starter will be damaged. The starting task of the compressor cannot be
successfully completed. To choose a heavy hammer starter to match the compressor, in
fact, it is required that the heavy hammer starter can make the compressor start smoothly
when the voltage is low or when the voltage is high.

Note: The hammer-type starting relay can only make the magnetic field perpendicular
to the ground if the direction of the coil is parallel to the ground, and it cannot be activated
while moving.

(4) Experimental process:

Connect the power supply L to the OL1 terminal of the overload protector (OL)
through the 4mm safety electrical cable, and connect the OL2 terminal to the compressor
(Compressor) common winding COM3 (C) terminal through the 4mm safety electrical
cable. The S terminal of the heavy hammer starter (Current Relay) is connected to the
compressor (Compressor) starting winding COM2 (S) terminal using the 4mm safety
electrical cable, and the R (M) terminal is connected to the compressor running winding
COM1 (M) using the 4mm safety electrical cable On the terminal, the C terminal of the
starter is connected to the N terminal of the power supply through the 4mm safety
electrical cable . After the inspection is correct, power on the leakage circuit breaker, press

the start button, and observe the compressor's response.
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(5) Summary:

The compressor is running normally; through experiments, | am familiar with the
working principle of the hammer starter. Gained a better understanding of how
compressors are started.

(6) Matters needing attention:

1) Do not start the compressor frequently.

2) When using, keep your hands dry and clean, and pay attention not to scratch the
surface of the equipment with sharp objects.

3) During the experiment, after the circuit is connected correctly, the instructor should
confirm that it is correct before powering on the experiment. It is strictly forbidden to touch
the live part with hands or conductive objects. If you violate the regulations, you will be
responsible for the electric shock.

4) After the test bench is used, the main power switch must be turned off, and the
handle of the circuit breaker should be broken down.

5) In case of emergency, turn off the circuit breaker to cut off the main power supply.
After the emergency is resolved, you must first press the reset button on the circuit
breaker before sending power again, otherwise the circuit breaker will not work normally,

and it is strictly forbidden to send power forcibly .
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Experiment 3 Hammer starter, capacitor starting mode, compressor operation

experiment

(1) Purpose of the experiment:

Familiarize yourself with how the compressor starts. Master the wiring method and
principle of the heavy hammer capacitor starting method.

(2) Experimental equipment:

Compressor training device

One meter 4mm safety electrical cable several

(3) Experimental principle:

The single-phase current flowing through the single-phase motor cannot generate a
rotating magnetic field. Capacitors are needed to separate the phases. The purpose is to
make the currents in the two windings produce a phase difference close to 90° to generate
a rotating magnetic field. Capacitive induction motors have two windings, a start winding
and a run winding. The two windings are spaced 90 degrees apart. A capacitor with a
large capacity is connected in series on the starting winding. When the running winding
and the starting winding pass through single-phase alternating current, due to the effect of
the capacitor, the current in the starting winding is 90 degrees ahead of the current in the
running winding and arrives first. maximum value. Two identical pulsed magnetic fields are
formed in time and space, so that a rotating magnetic field is generated in the air gap
between the stator and the rotor. Under the action of the rotating magnetic field, an
induced current is generated in the motor rotor, and the current interacts with the rotating
magnetic field to generate The electromagnetic field torque makes the motor spin up.

(4) Experimental process:

Connect the power supply L to the OL1 terminal of the overload protector (OL)
through the 4mm safety electrical cable, and connect the OL2 terminal to the compressor
(Compressor) common winding COM3 (C) terminal through the 4mm safety electrical
cable. The S terminal of the heavy hammer starter (Current Relay) is connected to the
CS1 terminal of the starting capacitor with the 4mm safety electrical cable, and the CS2
terminal is connected to the COM2 (S) terminal of the compressor (Compressor) start
winding through the test line, connect the R(M) terminal to the COM1(M) terminal of the
compressor running winding with the 4mm safety electrical cable, and the C terminal of
the starter is connected to the N terminal of the power supply through the 4mm safety
electrical cable. After the inspection is correct, power on the leakage circuit breaker, press

the start button, and observe the compressor's response.
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(5) Summary:

The compressor is running normally; through experiments, | am familiar with the
wiring method and principle of the heavy hammer capacitor starting method. Have a
further understanding of the principle of compressor startup.

(6) Matters needing attention:

1) Do not start the compressor frequently

2) When using, keep your hands dry and clean, and pay attention not to scratch the
surface of the equipment with sharp objects.

3) During the experiment, after the circuit is connected correctly, the instructor should
confirm that it is correct before powering on the experiment. It is strictly forbidden to touch
the live part with hands or conductive objects. If you violate the regulations, you will be
responsible for the electric shock.

4) After the test bench is used, the main power switch must be turned off, and the
handle of the circuit breaker should be broken down.

5) In case of emergency, turn off the circuit breaker to cut off the main power supply.
After the emergency is resolved, you must first press the reset button on the circuit
breaker before sending power again, otherwise the circuit breaker will not work normally,

and it is strictly forbidden to send power forcibly .
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Experiment 4 Hammer starter, capacitor start-capacitor operation mode,

compressor operation experiment

(1) Purpose of the experiment:

Familiarize yourself with how the compressor starts. Master the wiring method and
principle of the heavy hammer capacitor start-capacitor operation method.

(2) Experimental equipment:

Compressor training device

One meter 4mm safety electrical cable several

(3) Experimental principle:

Both the starting capacitor and the running capacitor have a starting effect at the
beginning of the motor starting. But when the motor reaches about 75[%] of the rated
speed, the starting capacitor is disconnected, and the running capacitor continues to work
with the motor. The process of starting the motor is actually the process of "phase out".
Because single-phase motors are different from three-phase motors, there is no phase
difference and no rotating magnetic field can be generated. The role of the capacitor is to
make the starting winding current of the motor 90 electrical angles ahead of the running
winding in time and space, forming a phase difference. Among them, the running
capacitor also plays a role in balancing the current between the primary and secondary
windings.

(4) Experimental process:

Connect the power supply L to the OL1 terminal of the overload protector (OL)
through the 4mm safety electrical cable, and connect the OL2 terminal to the compressor
(Compressor) common winding COM3 (C) terminal through the 4mm safety electrical
cable. The S terminal of the heavy hammer starter (Current Relay) is connected to the
CS1 terminal of the starting capacitor with the 4mm safety electrical cable, and the CS2
terminal is connected to the COM2 (S) terminal of the compressor (Compressor) starting
winding through the test wire, connect the R(M) terminal to the COM1(M) terminal of the
compressor running winding with the 4mm safety electrical cable, the C (N) terminal of the
starter is connected to the N terminal of the power supply through the 4mm safety
electrical cable, and the running capacitor CR1 is connected to the C (N) terminal of the
hammer starter through the test line CR2 is connected to the compressor (Compressor)
starting winding COM2 (S) terminal through the test line. After the inspection is correct,
power on the leakage circuit breaker, press the start button, and observe the compressor's

response.
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(5) Summary:

The compressor is running normally; through the experiment, | am familiar with the
wiring method and principle of the heavy hammer capacitor start-capacitor operation
method to start the compressor. Have a further understanding of the principle of
compressor startup.

(6) Matters needing attention:

1) Do not start the compressor frequently

2) When using, keep your hands dry and clean, and pay attention not to scratch the
surface of the equipment with sharp objects.

3) During the experiment, after the circuit is connected correctly, the instructor should
confirm that it is correct before powering on the experiment. It is strictly forbidden to touch
the live part with hands or conductive objects. If you violate the regulations, you will be
responsible for the electric shock.

4) After the test bench is used, the main power switch must be turned off, and the

handle of the circuit breaker should be broken down.
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5) In case of emergency, turn off the circuit breaker to cut off the main power supply.
After the emergency is resolved, you must first press the reset button on the circuit
breaker before sending power again, otherwise the circuit breaker will not work normally,

and it is strictly forbidden to send power forcibly .

Experiment 5 PTC thermistor start mode, compressor operation experiment

(1) Purpose of the experiment:

Familiarize yourself with how the compressor starts. Master the wiring method and
principle of the PTC thermistor starting mode.

(2) Experimental equipment:

Compressor training device

One meter 4mm safety electrical cable several

(3) Experimental principle:

PTC thermistor is a typical temperature-sensitive semiconductor resistor. When it
exceeds a certain temperature (Curie temperature), its resistance value increases
stepwise with the increase of temperature. Conversely, when the temperature of the PTC
thermistor decreases, the resistance also decreases. According to this principle, the PTC
element is applied to the starting of the motor. After about 0.3 seconds after the power is
turned on, the starting winding is in an approximately open state, and the current passing
through it is very small. Compressor start is complete.

(4) Experimental process:

Connect the power supply L to the OL1 terminal of the overload protector (OL)
through the 4mm safety electrical cable, and connect the OL2 terminal to the compressor
(Compressor) common winding COM3 (C) terminal through the 4mm safety electrical
cable. Terminal 1 (S) of the PTC thermistor is connected to the COM2 (S) terminal of the
starting winding of the compressor (Compressor) using a 4mm safety electrical cable and
terminal 6 (M) is connected to the COM1 (M) terminal of the compressor running winding
using a 4mm safety electrical cable Connect the terminal 3 of the starter to the N terminal
of the power supply through the 4mm safety electrical cable. After the inspection is correct,
power on the leakage circuit breaker, press the start button, and observe the compressor's

response.
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(5) Summary:

The compressor is running normally; through the experiment, | am familiar with the
working principle of the PTC thermistor. Gained a better understanding of how
compressors are started.

(6) Matters needing attention:

1) Do not start the compressor frequently.

2) When using, keep your hands dry and clean, and pay attention not to scratch the
surface of the equipment with sharp objects.

3) During the experiment, after the circuit is connected correctly, the instructor should
confirm that it is correct before powering on the experiment. It is strictly forbidden to touch
the live part with hands or conductive objects. If you violate the regulations, you will be
responsible for the electric shock.

4) After the test bench is used, the main power switch must be turned off, and the
handle of the circuit breaker should be broken down.

5) In case of emergency, turn off the circuit breaker to cut off the main power supply.
After the emergency is resolved, you must first press the reset button on the circuit
breaker before sending power again, otherwise the circuit breaker will not work normally,

and it is strictly forbidden to send power forcibly .

Experiment 6 PTC thermistor, capacitor start mode, compressor operation

experiment

(1) Purpose of the experiment:

Familiarize yourself with how the compressor starts. Master the wiring method and

10
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principle of PTC thermistor and capacitor starting mode.

(2) Experimental equipment:

Compressor training device

One meter 4mm safety electrical cable several

(3) Experimental principle:

The single-phase current flowing through the single-phase motor cannot generate a
rotating magnetic field. Capacitors are needed to separate the phases. The purpose is to
make the currents in the two windings produce a phase difference close to 90° to generate
a rotating magnetic field. Capacitive induction motors have two windings, a start winding
and a run winding. The two windings are spaced 90 degrees apart. A capacitor with a
large capacity is connected in series on the starting winding. When the running winding
and the starting winding pass through single-phase alternating current, due to the effect of
the capacitor, the current in the starting winding is 90 degrees ahead of the current in the
running winding and arrives first. maximum value. Two identical pulsed magnetic fields are
formed in time and space, so that a rotating magnetic field is generated in the air gap
between the stator and the rotor. Under the action of the rotating magnetic field, an
induced current is generated in the motor rotor, and the current interacts with the rotating
magnetic field to generate The electromagnetic field torque makes the motor spin up.

(4) Experimental process:

Connect the power supply L to the OL1 terminal of the overload protector (OL)
through the 4mm safety electrical cable, and connect the OL2 terminal to the compressor
(Compressor) common winding COM3 (C) terminal through the 4mm safety electrical
cable. The 1 (S) terminal of the PTC thermistor is connected to the CS1 terminal of the
starting capacitor using the 4mm safety electrical cable, the CS2 terminal is connected to
the compressor (Compressor) starting winding COM2 (S) terminal through the connecting
wire, and the 6 (M) terminal is used The 4mm safety electrical cable is connected to the
COM1 (M) terminal of the running winding of the compressor, and the starter 3 terminal is
connected to the N terminal of the power supply through the 4mm safety electrical cable.
After the inspection is correct, power on the leakage circuit breaker, press the start button,

and observe the compressor response
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(5) Summary:

The compressor is running normally; through experiments, the wiring method and
principle of the PTC thermistor and capacitor start mode have been mastered. Have a
further understanding of the principle of compressor startup.

(6) Matters needing attention:

1) Do not start the compressor frequently

2) When using, keep your hands dry and clean, and pay attention not to scratch the
surface of the equipment with sharp objects.

3) During the experiment, after the circuit is connected correctly, the instructor should
confirm that it is correct before the experiment can be energized. It is strictly forbidden to
touch the live part with hands or conductive objects. If you violate the regulations, you will
be responsible for the electric shock.

4) After the test bench is used, the main power switch must be turned off, and the
handle of the circuit breaker should be broken down.

5) In an emergency, turn off the circuit breaker to cut off the main power supply. After
the emergency is resolved, you must first press the reset button on the circuit breaker
before sending power again, otherwise the circuit breaker cannot work normally, and it is

strictly forbidden to send power forcibly .
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Experiment 7 PTC thermistor, capacitor start-capacitor operation mode,

compressor operation experiment

(1) Purpose of the experiment:

Familiarize yourself with how the compressor starts. Master the wiring method and
principle of PTC thermistor, capacitor start-capacitor operation mode.

(2) Experimental equipment:

Compressor training device

One meter 4mm safety electrical cable several

(3) Experimental principle:

Both the starting capacitor and the running capacitor have a starting effect at the
beginning of the motor starting. But when the motor reaches about 75[%] of the rated
speed, the starting capacitor is disconnected, and the running capacitor continues to work
with the motor. The process of starting the motor is actually the process of "phase out".
Because single-phase motors are different from three-phase motors, there is no phase
difference and no rotating magnetic field can be generated. The role of the capacitor is to
make the starting winding current of the motor 90 electrical angles ahead of the running
winding in time and space, forming a phase difference. Among them, the running
capacitor also plays a role in balancing the current between the primary and secondary
windings.

(4) Experimental process:

Connect the power supply L to the OL1 terminal of the overload protector (OL)
through the 4mm safety electrical cable, and connect the OL2 terminal to the compressor
(Compressor) common winding COM3 (C) terminal through the 4mm safety electrical
cable. Terminal 1 (S) of the PTC thermistor is connected to the CS1 terminal of the starting
capacitor using the 4mm safety electrical cable, and the CS2 terminal is connected to the
COM2 (S) terminal of the starting winding of the compressor (Compressor) through the
test wire, and the PTC thermistor 6 (M) The terminal is connected to the compressor
running winding COM1 (M) terminal with the 4mm safety electrical cable, the PTC
thermistor terminal 3 is connected to the power supply N terminal through the 4mm safety
electrical cable, and the running capacitor CR1 is connected to the PTC thermistor 6 (M)
through the test line ) terminal, CR2 is connected to the compressor (Compressor) start
winding COM2 (S) terminal through the test line. After the inspection is correct, power on
the leakage circuit breaker, press the start button, and observe the compressor's

response.
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(5) Summary:

The compressor is running normally; through experiments, the wiring method and
principle of PTC thermistor, capacitor start-capacitor operation mode have been mastered.
Have a further understanding of the principle of compressor startup.

(6) Matters needing attention:

1) Do not start the compressor frequently

2) When using, keep your hands dry and clean, and pay attention not to scratch the
surface of the equipment with sharp objects.

3) During the experiment, after the circuit is connected correctly, the instructor should
confirm that it is correct before powering on the experiment. It is strictly forbidden to touch
the live part with hands or conductive objects. If you violate the regulations, you will be
responsible for the electric shock.

4) After the test bench is used, the main power switch must be turned off, and the

14




a2

S dme=  Jinan Minrry Technology Equipment Co ., Ltd. | ﬁ
L

handle of the circuit breaker should be broken down.

5) In case of emergency, turn off the circuit breaker to cut off the main power supply.
After the emergency is resolved, you must first press the reset button on the circuit
breaker before sending power again, otherwise the circuit breaker will not work normally,

and it is strictly forbidden to send power forcibly .

VI. Care and maintenance

(1) The overheat protector is frequently "on" and "off"

Electromagnetic weight starter, the internal electromagnet is stuck, causing the L-S to
fail to connect to the thermal protector for 5-10 seconds to disconnect the protection; the
L-S contact is in poor contact, the starting winding cannot get the starting voltage, and the
thermal protector is 5- 10 seconds disconnection protection.

(2) The overheat protector is aging, or the resistance wire is open

The working principle of the overheat protector: the overload protector is placed in the
compressor casing and connected in series in the compressor starting and running coil
circuit. It is composed of a heating resistance wire and a bimetallic sheet. When the
compressor is inside or the starter part When there is a fault, the current will be too large
and overheated, and it will automatically disconnect to protect the compressor. After the
overload protector cools down, it will reset automatically. (Because this device adopts the
panel installation of components, the overload protector cannot be pasted on the
compressor for use, so the overheating of the compressor cannot be detected)

(3) The interior of the PTC starter is deteriorated or broken, and the starting winding
cannot get the starting voltage and cannot start.

(4) The interior of the compressor is bad, the coil winding is short-circuited, and the
machine is faulty.

(5) If the power supply voltage is too low or too high, the operating current will
increase. If the power supply voltage is too low, the compressor may not start.

(6) When the temperature of the compressor casing is at the ambient temperature, if
the overheat protector trips within 1-3 seconds after power-on, the possibility of the
compressor itself being damaged is very high.

(7) The air circuit is faulty. At normal temperature, after more than 4 hours of normal
start-up operation, it is found that the temperature of the freezer cannot drop. It is simply
judged that the evaporator does not stick to hands or is not firm when touched with wet
hands, and the temperature of the radiator is not high. It's the compressor exhaust

performance is bad
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Operation safety precautions
Before using the experimental equipment, please read the operating

instructions of the equipment in detail.

1. The practical training device shall use water for experiment, and the
water source shall be provided by itself, and the access port of the device shall
be safe and reliable.

Any abnormal operation may cause damage to the equipment. Equipment
damage caused by human factors is not covered by the warranty.

3. Before switching on or off any valve, make sure the connected pipeline
is correct.

4. Clean the surface and internal liquid of the equipment after the

experiment.
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I. the purpose of the experiment

Improves the perceptual knowledge of the centrifugal pump and the series operating
conditions and their characteristics.

Draw the working curve of the single pump and the total characteristic curve of the two
pumps in series.

Il. the experimental principle

In actual production, sometimes a single pump cannot meet the production requirements.
The combination can be in series or in parallel. The discussion below is limited to the
combined operation of multiple pumps of the same performance. The basic idea is that no
matter how many pumps are combined, it can be regarded as a pump, so it is necessary
to find the characteristic curve of the combined pump.

pump parallel operation

When a single pump cannot meet the flow required for work, two pumps or two or more
pumps can be used in parallel.

Qparallel=QI+QII. The system characteristic curve after parallel connection is the
characteristic curve of two pumps under the same head (Q-H) 1 and (Q-H) 2.

The corresponding flow rates are added, and the corresponding combined flow rates Q
after parallel are obtained, and finally (Q-H) is plotted and the curve is as shown. The two
broken lines in the figure are the characteristic curves (Q-H)1 and (Q-H)1 of the two
pumps, and the solid line is the total characteristic curve (Q-H) after parallel connection.
According to the above, at any point M on the (Q-H) curve, the corresponding flow rate
QM is the sum of the corresponding flow rates QA and QB of the two pumps having the
same head, ie QM=QA+QB.

18



Parallel characteristic curve of two pumps with the same performance curve

This test bench is a series-parallel connection of two pumps of the same performance.
During the teaching experiment, the characteristic curves of a single pump | and pump I
can be separately plotted and then combined into a total performance curve of two pumps
in parallel, and then the two pumps are operated in parallel to measure the parallel
operation. Some actual operating points are compared to corresponding points on the
overall performance curve.

Series connection 2 pump series operation

When a single pump does not provide the required head, it can be operated in series with
two or two upper pumps. The flow rate Q through each pump after the centrifugal pumps
are connected in series is the same, and the synthetic head is the sum of the lifts of the
two pumps.

The total characteristic curve of the system after series connection is that the
corresponding synthetic heads of the pump series can be obtained by superimposing the
corresponding heads of the two pumps at the same flow rate, so that the total
characteristic curve of the series system can be drawn.

The head HM of any point M on the tandem characteristic curve is the sum of the heads of
the two single pumps | and Il corresponding to the same flow rate, that is, HM=HA+ HB. In
the teaching experiment, the characteristic curves of a single pump | and pump Il can be

separately plotted and combined into a total performance curve of two pumps in series,
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and then the two pumps are operated in series to measure some practical work under

series conditions. The points are compared to the corresponding points of the overall

performance curve.

Series characteristic curve of two pumps

lll.Equipment composition
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1 Water tank 2 Ball valve A 3 Pressure gauge A 4 Ball valve B 5 Pressure gauge B
6 Pressure gauge C 7 Water pump A
8 Water pump B 9 Pressure gauge D 10 Ball valve C 11 Ball valve D 12 Ball valve E

13 Pressure gauge E

IV. the instructions for use

Pump series experiment

1. Inject a proper amount of water into the water tank, and the water level should be higher
than the water pump suction port.

2. Close the ball valve 3, open the ball valve 1, the ball valve 2, the ball valve 4 and the
ball valve 5. Observe the numerical changes of each pressure gauge and record the
values.

Water pump parallel experiment

1. Inject a proper amount of water into the water tank, and the water level should be higher
than the water pump suction port.

2. Close the ball valve 5, open the ball valve 1, the ball valve 2, the ball valve 3, and the

ball valve 4. Observe the numerical changes of each pressure gauge and record the
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values.

V.System principles

-

VI. Organize the data, create tables, and draw curves.

Experiment Pressure Pressure Pressure Pressure Pressure

project gauge 1 | gauge 2 | gauge 3 | gauge 4 | gauge 5
reading reading reading reading reading

Series

connection

Parallel

connection
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Instruction Manual
MR-HM 150.13A Methods Of Flow

Measurement

LU0 N e

Instruction Manual
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Precautions

1. Before operating this machine: Read this manual. All participants must be instructed on
how to operate the equipment and take necessary safety precautions where appropriate.

2. Bubbles and other impurities in the rotameter will cause inaccurate measurements. To
prevent these problems, flush the system by fully opening all valves when starting
measurements.

3. Clean the surface of the product regularly to prevent dust, dirt and other substances
from affecting the normal use of the product. For parts that need lubrication, please
lubricate according to the instructions.

4. When the product is not in use, please store it in a dry and ventilated place to avoid
direct sunlight and rain.

5. If you encounter problems during use, please contact after-sales service or

professionals in time to handle them. Do not disassemble and repair by yourself.
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1. Equipment introduction

Through HM 150.13, students become familiar with various methods of measuring flow in
piping systems and apply them in practice.

The experimental setup contains different measuring instruments to determine the flow
rate. These instruments are designed with transparent housings to allow visual
visualization of their operation and functionality. This method includes, for example,
rotameters, venturi nozzles or orifice flow meters and measuring nozzles.

Use six tube manometers to determine the pressure distribution in a venturi nozzle or
orifice flow meter and measure the nozzle. The total pressure is measured by a pitot tube.
The experimental setup can be placed easily and securely on the work surface of the HM
150 basic module. The HM 150 supplies water and measures the flow rate. Alternatively,
the experimental setup can be operated from the laboratory water supply. The HM 150.13
flow measurement method unit includes three different flow meters allowing experimental
studies of the following relationships:

1. Comparison of different flow meters

2. Research on the relationship between flow and pressure in flow measurement

3. Determination of flow coefficient

4. Calibration of flow meter

2. Technical parameters

Weight: approx. 40 kg

Dimensions: 1100 mm* 672 mm* 900 mm

Water pressure gauge plate: 6 tubes 390 mm WC
Rotameter: Maximum 1600L/h

Pipe part: inner diameter 17 mm
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3. Components list and introduction

3.1 Components list

-
=

No | Name

water outlet

outlet gate valve

Rotameter

venturi nozzle

Flow meter with orifice plate, measuring nozzle or pitot tube

1
2
3
4 | 6 tube pressure gauge
5
6
7

water intake
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3.2 Component usage

The unit consists of a venturi nozzle (5), orifice plate, measuring nozzle and pitot tube (6)
for flow measurement, as well as a rotameter (3).

The flow can be adjusted using the gate valve (2).

The pressure loss at the measuring element can be recorded via a pressure connection
point with a quick-acting coupling.

These connection points are connected to a 6-pipe water pressure gauge (4) equipped
with a vent valve.

Flow can be measured using the HM 150 basic module for hydrodynamic experiments
(volume flow measurement).

All test bench components are clearly arranged on a framed base plate.

The unit is designed for use with the HM 150 Fluid Dynamics Experimental Base Module,

which provides a water source and allows volumetric flow measurements.
3.3 Basic principles

3.3.1 Six-tube pressure gauge plate

The six-tube pressure gauge plate contains 6 glass cylinders (11) with millimeter
graduations for measuring the height of the water column (WC). The commonly used unit
here is mmWC. (10mm WS equals 1mbar)
1. Measuring range 390 mmWC
2. All pipes are connected to each other at the upper end and ventilated through a
common ventilation valve (12). The measuring connection point (10) is located at the
lower end.
3. Differential pressure measurements are taken with the vent valve closed (12, 13), and
relative gauge pressure measurements are taken with the vent valve open (12).
Standard pressure unit: Pascal (Pa)

1 =1/ 2=100-5 = 0,01
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Pos. | Designation

10 Measuring connections

11 Glass cylinder

12 Ventilation valve

13 Ventilation valve

3.3.2 Differential pressure measurement

Air cushion
Pa

hs

Y
Py P2

The breather valves (12, 13) are closed. There is an air pressure cushion above the two

—1 L/

water columns with a pressure

This leads to the following equation:

P;=Pat+thy-p- g (3.1)

P2 = Pat+hy-p- g (3.2)

The required differential pressure is:

Ap =p1=Pp = Pathy- p- 9-pa—ho-p-g (33

The pressures cancel each other out to get:
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Ap = Ah-p-g mit Ah=h,-h, (3.4)

Zero point correction is performed by adjusting the air pressure . To ensure the largest

possible measuring range, the zero point of the pressure gauge should be in the middle

— of the scale.

h?‘ + h2 = hmax g pi_pa+p2_pa

3.5
2 2 2-p-g #2)
This gives an equation for air pressure
p;+po—(h P -9
p, = 1 2 2max (3.6)

The air pressure is adjusted using the ventilation valve (13).
3.3.3 Relative pressure measurement

For relative gauge pressure measurement, i.e. pressure measurement relative to the

ambient atmospheric pressure , the ventilation valve (13) must be closed. The air

pressure is equal to the ambient atmospheric pressure .
—— Ambient
[ atmospheric
pressure pg
h
\
i
hm
Pt PR———L
In this case, the pipe height between the measuring point and the zero point of the

pressure gauge must be taken into account.

Prer = p0+(h+hm)'p'g (3.7)
3.3.4 Preparing and performing pressure measurements

1. Connect the connecting hose to one of the two measuring elements and the 6-tube
pressure gauge. The measuring connection is self-sealing.
2. Close the ventilation valve (13) on the 6-tube pressure gauge.

3. Open the ventilation valve (12) on the 6-tube pressure gauge.
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4. Start water inflow (from HM 150).
5. Close the gate valve (2).

6. Flush the 6-tube manometer until bubbles are no longer visible.

7. Stop water inflow (from HM 150).

8. Close the ventilation valve (12).

9. Open the ventilation valve (13) and adjust the water level in the tube manometer (center
of scale).

10. Close the ventilation valve (13) again.

11. Carefully open the gate valve (6).

12. Carefully open the water inlet (from HM 150).

13. Observe the height of the water column in the tube.

14. Use the gate valve (6) to adjust the flow rate.
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4. Experiment list

Experiment 1 Calibration of flow meter (rotameter)
Experiment 2 Orifice plate/measuring nozzle flow measurement
Experiment 3 Venturi nozzle flow measurement

Experiment 4 flow coefficient

5. Hardware introduction

h 5.1 Introduction to flow measurement methods

3 (1) Rotameter
1 This rotameter consists of a vertical cone-shaped measuring section
1 ‘ through which liquid flows from bottom to top.
‘ y h A specially designed float moves freely in the liquid flow and is
carried along by the flow due to its flow resistance. This results in a
balance between the weight of the float on the one hand and the
drag and lift forces on the other.
ﬁ Depending on the flow rate, the float is adjusted to a specific height

in the measuring tube.

Due to the operating principle, the reliable measuring range on a rotameter never starts
from zero, but from approximately 5%...10% of the final measured value.

Different floats are usually used depending on the medium and measuring range.
Standard measuring range: 0.0001-100m3h

Measuring range width: 1:10

Standard measurement characteristics: Linearity

Measurement accuracy: about +1-3%

_ Pressure loss on the measuring tube: about 0.06-0.6bar

Lead The rotameter used in HM 150.13 has the following properties:
_— ere

Housing made of clear plastic

\ Removable float.

L Removable percentage scale relative to maximum flow rate
Float

| The measured flow rate value is always read at the upper edge of
the float.
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(2) Orifice plate and measuring nozzle

£ The orifice plate and nozzle are called restrictors.
gii T —b They both represent a narrow section of the pipe. The
—T- foeza;gring reduction in cross-section results in an increase in the
L N velocity of the flowing medium. This is related to the
d—l =" pressure loss between the normal pipe cross-section
AD before the inlet and the narrow pipe cross-section
Ad at the orifice plate or nozzle. This pressure loss is a

hp measure of volume flow.

This type of measurement is very precise, but the
| orifice plate or nozzle has a relatively high flow
| resistance.

Flow restrictors are very sensitive to disturbances

in the inlet and outlet flows. Therefore, elbows, T-pieces, valves, gate valves or similar

accessories must be installed far enough away from the restrictor.
V= a-s- Ay ?—;—‘é‘ezk-,\mp (3.8)
Yo,

In the formula: a is the flow coefficient, dimensionless, € is the expansion coefficient,
dimensionless (for liquid = 1), p is the medium density in front of the orifice plate/nozzle.

NOTE: The unit A must be used in equation = /A is mbar.

Standard pipe diameter: @50-31000mm

Standard aperture ratioo. =—=~0,1...0,64

Measured properties: Root functions

On the HM 150.13, the orifice plate and nozzle are supplied as separate metal disks
that can be selectively inserted into the housing as required.

This housing for the orifice plate and nozzle is made of Plexiglas to allow observation

of its functionality.

Orifice plate: = 293?
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5.2 Pitot tube

Pitot tubes measure static pressure (1) and total pressure (2). The difference between

these two values gives the dynamic pressure

Payn = Ptot— Pstat (3.9)

Dynamic pressure is proportional to the square of the flow rate and can be calculated as

follows:

2
Bliyn: = ’g- v (3.10)

where p is the density of water.
The flow velocity v can be determined from the volumetric flow and the flow
cross-section A.
V
V= = (3.11)
A

The pressure difference can therefore be used to calculate the volumetric flow rate for a
given flow section. To simplify the calculation, it is assumed that the flow velocity is
uniformly distributed across the flow cross section, but in fact the velocity near the wall is
significantly lower, so the calculated volumetric flow rate will be higher. Correction factors
can be used to compensate for this.

For steady turbulent flow in a circular cross-section pipe, the average velocity can be

described by considering the ratio of the average flow velocity v to the maximum flow

velocity considering a correction factor of 0.84.
4
~ 0,84 (3.12)
Vmax

This produces an average flow velocity v.

V=V, 0,84 (3.13)
The maximum flow velocity can be determined from the measured pressure
difference and the flow cross-section A.
2-p
fo,
The flow rate is calculated based on the average flow velocity and the flow

cross-section A.
Vioai= A- V- 0,84 (3.15)

The circular cross-section d1 of the free-flowing pipe is the difference between the
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cross-section of the draft pipe and the cross-section d2 of the pipe used for total pressure

measurement by the pitot tube.

Ad = d,-d, (3.16)
2

A= L)—-Ad4 I (3.17)

at thistime, 1 = 17 , 2= 3

5.3 Venturi nozzle

% % The venturi is also a throttling device. In
| T ] this case, the shrinkage of the pipe
E —-+‘ ] cross-section is divided into three

different zones. The inlet corresponds to

a nozzle, followed by a straight section

and finally a diffuser with a defined
expansion angle.
The pressure loss between the normal

pipe cross-section before the inlet and

the constricted straight section is

significantly smaller than the orifice plate

or nozzle.

1. Standard pipe diameter: @65-@500mm
2. Standard aperture ratio:. =—=-0,1...0,6

3. Diffuser extension angle: < 30°

4. Measurement characteristics: root function

To observe the structure of the venturi used in the HM 150.13, the housing cover is made
of Plexiglas.

The pressure conditions in a venturi tube follow Bernoulli's law. For an orifice
plate/measuring nozzle, from this law we obtain the relationship between the pressure

difference A (recorded using the measuring connection) and the volume flow rate
V= g Ay 2B o k- JRp (@ie)
£

in:

a is the flow coefficient, dimensionless;
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€ is the expansion coefficient, dimensionless (for liquid = 1);

p is the density of the medium in front of the orifice plate/measuring nozzle.

NOTE: The unit A must be used in equation = -,/A is mbar. At this time =

231 ——

6. Experiment

(. 6.1 Experiment 1 Calibration of flow meter
!3'-'.;‘.?'! (rotameter)
,,_,_ (1) Experimental purpose
' Understand the importance and basic concepts of flow meter
‘ calibration.
| Learn how to calibrate a rotameter using a reference
= standard.
!:5 ¢ Master the skills of measuring flow values, calculating
— — 2 differences and errors, and plotting results.
(% | / (2) Experimental equipment
B3 [ - HM 150 and HM 150.13.
' ‘ (3) Experimental principle
o Calibrating a flow meter is done by comparing the value it

- - displays with the results from another accurate and verifiable
Pos. | Designation
measurement method.

2 Gate valve for

e For example, in the following experiment, a HM 150 is used to

calibrate a rotameter.

The same procedure can be used to calibrate an orifice plate/measuring nozzle/pitot tube
or venturi nozzle. Volumetric flow measurement is described in the documentation of the
HM 150.

(4) Experimental process

1. Prepare HM 150 and HM 150.13.

2. Turn on the pump on the HM 150.

3. Open the gate valve (2) on the HM150.13 and initially set a low flow rate.

4. Record the displayed value of the rotameter in the table.

5. Use HM 150 to perform volume measurements and record the results in a table.

6. Repeat the previous steps for at least five further settings of the gate valve (2) on
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HM150.13.

7. Calculate the difference between the recorded flow values, calculate any errors, and

plot the results on a graph.

(5) Summary

Through this experiment, we were able to understand and practice the calibration process
of the flow meter. We found that there are certain differences between the readings of the
rotameter at different flow rates and the measurement results of the HM 150, which
indicates that regular calibration of the flowmeter is required in practical applications to
ensure the accuracy of the measurement results. By calculating the error and plotting the
results, we can better evaluate the performance of the flow meter and provide a basis for

further adjustments or corrections.
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6.2 Experiment 2 Orifice plate/measuring nozzle flow

measurement

(1) Experimental purpose

Understand how orifice plates/measuring nozzles create pressure losses in fluid flow.
Learn how to make flow measurements with a calibrated rotameter.

Learn how to record data and plot pressure drop versus volume flow.

(2) Experimental equipment

HM 150 and HM 150.13.

(3) Experimental principle

Orifice plates/nozzles produce pressure losses when the volumetric flow passes through
them.

The relationship is:

V = k- JAp (4.1)

(4) Experimental process

The flow measurement of the orifice plate/measuring nozzle on the HM 150.13 was
performed using the rotameter calibrated in the previous experiment.

Prepare HM150 and HM150.13.

1. Insert the orifice plate or nozzle plate into

g f=

the housing (15) and install the housing.
2. Connect the pressure port on the

housing to the two measuring tubes on the

pressure surface plate (2).

3. Prepare the pressure surface plate (14)
l for differential pressure measurement.
4. Turn on the pump on the HM 150.

u 9 E 5. Open the gate valve (2) on the HM

150.13 and initially set a low flow rate.

Pos. | Designation 6. Record the volume flow rate displayed

2 Gate valve by the rotameter in the table.

6 Manometer panel 7. Record the differential pressure value on
h le.

9 Venturi nozzle the table

8. Repeat the above steps to further adjust
the gate valve (2) on the HM 150.13.

9. Plot the recorded flow values against the corresponding differential pressure values on
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the graph.

This gives the relationship between pressure drop and volume flow as a root function.
%

/

Ap

(5) Summary

Through this experiment we were able to verify the relationship between the pressure loss
and the volume flow rate generated when the fluid passes through the orifice
plate/measuring nozzle. We find that this relationship can be described by a radical
function, which is consistent with theoretical predictions. In addition, we learned how to
make precise measurements using calibrated instruments and were able to present
experimental data graphically, which is very helpful in understanding and analyzing fluid

dynamics phenomena.
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6.3 Experiment 3 Venturi nozzle flow measurement

(1) Experimental purpose

Understand how a venturi tube creates pressure loss in fluid flow.

Learn how to make flow measurements with a calibrated rotameter.

Learn how to record data and plot pressure drop versus volume flow.

(2) Experimental equipment

HM 150 and HM 150.13.

(3) Experimental principle

When the volume flow  passes through the venturi tube, a pressure loss occurs.

The relationship is:
V= k-JAp (4.2)
(4) Experimental process

Flow measurements using a venturi on the HM 150.13 were also made using the

rotameter calibrated in the previous experiment.

8 Q= " 1. Prepare HM 150 and HM 150.13.

= 2.Connect the pressure interface on
the Venturi nozzle (9) to the two
measuring tubes on the pressure

gauge plate (6).

T 3. Prepare the pressure gauge plate

(6) for differential pressure
l measurement.
4. Turn on the pump on the HM 150.

F 5. Open the gate valve (2) on the HM

150.13 and initially set a low flow rate.

Pos. | Designation 6. Record the volume flow rate
2 Gate valve displayed by the rotameter in the
table.

6 Manometer panel 7. Record the differential pressure
9 Venturi nozzle value on the pressure gauge plate on

the table.
8. Repeat the above steps to further adjust the gate valve (2) on the HM 150.13.
9. Plot the recorded flow values against the corresponding differential pressure values on

the graph.
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V

/

Ap

This gives the relationship between pressure drop and volume flow as a root function.

(5) Summary

Through this experiment, we were able to verify the relationship between the pressure
loss and volume flow rate generated when the fluid passes through the venturi tube. We
find that this relationship can be described by a radical function, which is consistent with
theoretical predictions. In addition, we learned how to make precise measurements using
calibrated instruments and were able to present experimental data graphically, which is

very helpful in understanding and analyzing fluid dynamics phenomena.
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6.4 Experiment 4 Flow coefficient

(1) Experimental principle

According to Bernoulli's law, the following formula applies to narrow sections in pipes:
V= @& “Ag* ?-.-é‘-Ezk-A/Ap (4.3)
yo,

in

a is the flow coefficient, dimensionless;

€ is the expansion coefficient, dimensionless (for liquid = 1);

p is the density of the medium before shrinkage (for water = 1);
The orifice cross-sectional area of the restrictor.

Flow Coefficient:

A - - (4.4)
Ad N .-\|'2 il Ap
Aperture ratio:
Ad
= = 4.5
A, (4.5)

Diameter ratio:
d

fg=2=./m (4.6)
D

Flow Coefficient:

C= .41 -nf (4.7)

C=a-J1-8* @s

The volume flow rate , the pressure loss A and the values of the restricted
cross-section from the previous measuring tables and technical data can be used to

calculate the flow coefficients a and C.
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Experiment no.:

Date:

Participant:

Type of experiment:

Measuring object:

No. | Pressure loss
Ap in mbar

Flow display V

Measuring volu-
men HM 150 in L

Measuring time
HM 150 in s

Calculated flow
from HM 150
inL/s
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7. Accessories

List of formula symbols and units

Symbol [Mathematical/physical quantity Unit
Cross-section, smallest mm
Cross-section, largest mm

Flow coefficient

Tube height mm

Correction factor

Pressure Pa, mbar, bar

Flow coefficient according to DIN EN ISO 5167

Diffusor extension angle

A Pressure loss mbar
Expansion coefficient 1
Density kg/m3
Volumetric flow L/min
Suffix |[Explanation
a air
max maximal
rel relative
tot total
Size
®70
D70 kil
®18.5 EE
}‘ i ‘ T 2 | b e
L o0 ; I_V‘

. D ."JF ) [} l T ‘r\;'»
P T L *

| !
[ s A ! N I Il

el | | | 200

R
4 5~ & 211
- B

2 (#2535)

F}g 5.1 Orifice plate Fig. 5.2 Measuring nozzle
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MR429V6 Friction Loss In Pipe
Apparatus

Product Manual

Jinan Minrry Technology Equipment Co., Ltd.
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Precautions

1. Check equipment: Before starting the experiment, make sure all equipment is in good
working order. Check pipes, valves, pumps and other related equipment for signs of
damage or wear.

2. Correct installation: Make sure all pipe connections are correct and tightened. Avoid
any connections that could cause leaks.

3. Safe operation: Always follow safety procedures throughout the entire experiment. Use
appropriate personal protective equipment such as gloves and goggles.

4. Accurate measurement: Use accurate instruments to measure key parameters such as
flow, pressure and temperature. Make sure the instrument is calibrated and maintains its
accuracy during the experiment.

5. Record data: Record in detail all data and observations during the experiment, including
time, flow, pressure, temperature, etc. This data is crucial for analyzing friction losses.

6. Avoid contamination: Ensure that the fluid used in the experiment is clean and will not
cause contamination to pipelines or other equipment.

7. Prevent leaks: During the experiment, regularly check the system for leaks and repair
any problems found immediately.

8. Environmental considerations: Ensure that there will be no negative impact on the
environment during the experiment. If waste liquid needs to be disposed of, please follow
appropriate environmental protection procedures.

9. Clean equipment: After the experiment, thoroughly clean all equipment and work areas.
Make sure all liquids are properly drained or stored and all equipment is securely secured.
10. Note that the liquid level in the pressure test module tube needs to be kept below

500mm after deactivation.
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1. Equipment introduction

1.1 Overview

Pressure drop in a pipe is the loss of fluid pressure due to friction between fluid particles
and conductor walls and obstructions in the pipe.

Pipe friction is one of the classic laboratory experiments and has always occupied a place
in the practical teaching of fluid mechanics. The research results and underlying principles
are important to aerospace, industrial and mechanical engineers alike.

Used to determine the coefficient of friction in pipes of various diameters and roughnesses,
to study pressure losses in different types of valves and different fittings, and to compare
different flow measurement methods.

General instructions

The device consists of six straight pipe sections made of different materials, with different
diameters and roughness. Also included are various accessories for studying straight pipe
losses, various types of valves (gate valves, ball valves, angle seat valves, etc.), pipe
fittings (in-line filters, elbows, sudden widenings, contractions, etc.) and Measuring
elements (venturi tube, pitot tube, orifice flow meter, etc.).

Some measuring elements, such as venturi tubes, pitot tubes, etc., are transparent to
observe their function.

Different pipe sections, valves and pipe fittings include multiple pressure measuring points,
with quick-connect devices to install pipes connected to corresponding pressure
measuring devices.

With this setup, friction pressure losses can be studied over a wide range of Reynolds
numbers, covering laminar, transitional and turbulent flow regimes. Two water
piezometers allow the study of pressure losses in laminar flow scenarios. Two Bourdon
pressure gauges capture the pressure loss in turbulent flow conditions. It also includes a
flow meter that measures the flow rate and compares it with measurements from the
venturi and pitot tubes.

This unit requires a water supply system.
1.2 Features

The main components include the meter and flow meter support structure.

A centrifugal pump draws water from a sump in the hydraulic bench (bring your own) and
delivers it to the test tube. The flow meter installed in the pipe can be quickly and easily
installed into the unit test area. These meters are available in a variety of different
measuring principles and accuracy levels.

By using a water pressure gauge or two Bourdon-type pressure gauges, the pressure

drop across each flow meter can be measured. Valves ensure rapid venting of all pressure
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gauge lines.

The water discharged from the flowmeter under test is collected in a volumetric tank
(located within the hydraulic bench) where the flow rate can be absolutely determined.
The tank is stepped to accommodate low or high flows and has a built-in wave baffle to
reduce turbulence. A graduated level tube shows the water level. The water returns to the
sump through the drain valve.

2. Technical parameters

Weight: about 150Kg

Working conditions: Temperature +5°C ~+40°C, relative humidity <85% (25°C)

Size: about 2100mm * 845mm * 1270mm

3. Components list and detailed introduction
3.1 Main part

5 1
2,345, 6 7 8

N,

No Name Features

This module can accurately measure and display the
pressure value of the liquid and indicate the pressure
] of the liquid. Through the liquid pressure gauge
1 Stress testing module _ _
module, users can visually observe changes in
pressure, thereby monitoring the operating status of

the system in real time.

. The module's inner diameter is sized for medium flow
Rough tube module with . _ _ .
2 fluid transfer. A larger inner diameter reduces fluid
inner diameter 17mm _ o _ _
velocity and thus frictional losses. This module is
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suitable for applications where transmission efficiency

and pipeline footprint need to be balanced.

Rough tube module with

inner diameter 23mm

Similar to the 17mm inner diameter module, but
provides a larger flow area, further reducing fluid
velocity and friction losses. This module is suitable for

applications requiring higher flow rates.

6.5mm inner diameter

methacrylate tube module

The module is made using methacrylate material with
specific chemical stability and transparency. Although
the inner diameter is small, due to the material
properties, friction losses can be effectively reduced

and fluid flow can be visualized.

Angle seat valve inner
diameter 16.5mm smooth

tube module

The angle seat valve is a commonly used switch valve.
The smooth tube module with an inner diameter of
16.5mm can reduce turbulence and vortex inside the
valve, thereby reducing friction loss. This design helps
improve the opening and closing efficiency of the

valve.

Gate valve inner diameter
26.6mm smooth tube

module

Gate valve is another type of valve. The smooth tube
module with an inner diameter of 26.6mm can provide
a larger flow area and reduce fluid velocity and friction
loss. This design is suitable for piping systems that

require frequent flow adjustments.

Composite Pipe Module

Used to simulate complex fluid flow conditions in
experiments to better understand the impact of friction
losses and find optimization solutions. These include
mesh filter, diaphragm valve, widened 25-40mm, pitot

tube, venturi tube, diaphragm, narrowed 40-25mm

T-type interface module

T-type interface modules can divert fluid from the main
pipeline to branch lines, or merge fluids from different
sources into the same pipeline. This design helps
reduce turbulence and eddies in the piping system,

thereby reducing friction losses.

Rotameter module

A rotameter is an instrument used to measure fluid
flow, which can visually display the flow of fluid. By
monitoring flow changes, abnormal conditions in the

pipeline system, such as leaks or blockages, can be
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discovered in time, thereby reducing friction losses

and improving the operating efficiency of the system.

3.2 Equipment configuration list

No Name Qty
Component 1 Rotameter 1
Component 2 Rough tube with inner diameter 17mm 1
Component 3 Rough tube with inner diameter 23mm 1
Component 4 6.5mm inner diameter methacrylate tube 1
Component 5 Angle seat valve 1
Component 6 Inner diameter 16.5mm smooth tube 1
Component 7 gate 1
Component 8 Inner diameter 26.6mm smooth tube 1
Component 9 mesh filter 1
Component 10 Diaphragm valve 2
Component 11 25-40mm diameter variable pipe 1
Component 12 pitot tube 1
Component 13 Venturi tube 1
Component 14 orifice plate 1
Component 15 40-25mm diameter variable tube 1
Component 16 Parallel piping system 1
Component 17 90° elbow 1
Component 18 T-joint 15
Component 19 ball valve 10
Component 20 45° elbow 2
Component 21 Bevel tee joint 1
Component 22 Axial edged shock-resistant pressure gauge 2
Component 23 hydraulic dispenser 2
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3.3 Accessories

No Name Qty
CPC plastic quick connector external thread male 2
2 CPC plastic quick connector external thread 2
female
3 Trachea 8-5.5 transparent ™

3.4 Introduction to component functions

Component 1 name: Rotameter

Parameters: 600-6000L
Purpose: Rotameters can measure fluid flow without causing additional friction losses and
are essential for monitoring fluid flow.

Component 2 name: Rough tube with inner diameter 17mm

Parameters: gray PVC pipe

Purpose: Medium inner diameter pipes can reduce fluid velocity, thereby reducing friction
losses, and are suitable for medium flow applications.

Component 3 name: Rough tube with inner diameter 23mm
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Parameters: gray PVC pipe

Purpose: Larger inner diameter can further reduce fluid velocity and friction loss, making it

suitable for large flow applications.

Component 4 name: 6.5mm inner diameter methacrylate tube

Parameters: Transparent acrylic tube

Purpose: A smaller inner diameter will increase the fluid velocity and may lead to higher
friction loss, but the methacrylate material can resist corrosion from certain chemicals and
is suitable for special fluids.

Component 5 name: Angle seat valve

Parameters: Y-type manual angle seat valve 6 points
Purpose: The angle seat valve is a commonly used switch valve, responsible for the on
and off of the line.

Component 6 name: Smooth tube with inner diameter 16.5mm

Parameters: gray PVC pipe
Purpose: The smooth inner wall can ensure stable flow of fluid with low friction loss,

compared with rough tubes.

Component 7 name: Gate valve

Parameters: brass gate valve DN20 (6 points)
Purpose: The gate valve is a commonly used switching valve, responsible for the on and
off of the line.

Component 8 name: Smooth tube with inner diameter 26.6mm
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Parameters: gray PVC pipe
Purpose: It has the same purpose as the smooth pipe with an inner diameter of 16.5mm,

and can be compared with the smooth pipe with an inner diameter of 16.5mm.

Component 9 name: mesh filter

Parameters: PVC Y-type filter DN20
Purpose: Remove impurities from fluids and protect equipment and instruments in pipeline
systems.

Component 10 name: Diaphragm valve

Parameters: PVC diaphragm valve DN20
Purpose: A valve with a specific purpose, mainly used to control the flow of fluid while
ensuring sealing and anti-corrosion properties.

Component 11 name: 25-40mm diameter variable tube

Parameters: ¢25*40 gray

Purpose: Allows two pipes of different sizes to be connected together so that fluid can flow
smoothly from a small diameter pipe into a large diameter pipe.

Component 12 name: Pitot tube
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Parameters: 4*30 L shape

Purpose: A tubular device used to measure the flow rate of liquids. It determines the flow
rate by measuring the difference between the total pressure (left port) and the static
pressure (right port) of the fluid.

Component 13 name: Venturi tube

Parameters: 180mm*60mm*60mm

Purpose: The pipe shrinks first and then gradually expands. When fluid flows through a
Venturi tube, the velocity and pressure of the fluid change accordingly due to changes in
the cross-section of the tube. At the smallest cross-section, the fluid velocity is greatest
and the pressure is lowest. By measuring the pressure difference between the inlet
cross-section and the smallest cross-section, the flow rate of the fluid can be calculated.

Component 14 name: Orifice plate
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Parameters: 50mm*3mm
Purpose: Two different pressures are formed on both sides of the diaphragm, used to

measure the pressure difference between the two sides.

Component 15 name: Narrow 40-25mm tube

Parameters: ¢40*25 gray
Purpose: Allows two pipes of different sizes to be connected together so that fluid can flow
smoothly from a large diameter pipe to a small diameter pipe.

Component 16 name: Parallel piping system
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Parameters: Double channel $ 25mm DN20, ball valve.

Purpose: Valves are used to control the flow of fluids.

When the valve is closed, fluid cannot flow from the upper pipe to the lower pipe, so the
pressure and flow of the entire system are affected. Specifically, if the valve closes very
tightly, the pressure throughout the system may rise and the flow rate may fall. Conversely,
when the valve opens, fluid can flow from the upper pipe into the lower pipe, increasing
flow and pressure throughout the system. In addition, by adjusting the opening of the
valve, the flow rate and flow rate of the fluid can be precisely controlled to meet different
testing needs. Valves in parallel pipeline systems can be used to control the flow of fluids
and play an important role in testing the pressure and flow of the entire system.

Component 17 name: 90° elbow

Parameters: $ 25mm DN20

Purpose: Water pipe fittings, usually used for turning parts when connecting pipes. Can
test the pressure difference before and after turning.

Component 18 name: T-shaped connector
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Parameters: $ 25mm DN20
Purpose: Used to connect three pipes to realize the divergence or confluence of fluids in
three directions.

Component 19 name: ball valve

Parameters: Double oil optional ball valve DN20
Purpose: A valve used in piping systems with two switch positions to control the flow of
fluid.

Component 20 name: 45° elbow

Parameters: PVC elbow joint DN20
Purpose: Pipe connection accessories, used to change the direction of pipelines.
Component 21 name: Bevel tee joint
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Parameters: 6 points DN20 C45 degree bevel

Purpose: Usually used to change the direction or merge of fluids in pipeline systems. Its
oblique design helps reduce the resistance during fluid flow and improve the operating
efficiency of the system.

Component 22 name: Axial edge shock-resistant pressure gauge

Parameters: 0-2.5bar (0.25MPA)
Purpose: Equipment used to measure and display pressure. It has shock-resistant
characteristics and is suitable for use in vibration environments.

Component 23 Name: Hydraulic Dispenser

Parameters: 2 positions, 4 holes, 20*25 side installation

Purpose: Device for measuring and displaying pressure.

4. Experiment list

Experiment 1 Stress Test Module Experiment

Experiment 2 Friction loss experiment of rough pipe with inner diameter 17mm
Experiment 3 Gate valve inner diameter 26.6mm smooth tube experiment
Experiment 4 Venturi tube experiment

Experiment 5 T-type interface module experiment

5. Experimental operation

5.1 Stress test module experiment

(1) Experimental purpose

The main purpose of the pressure testing module experiment is to understand the rules of
friction loss by observing and measuring pressure losses in different pipeline systems,
and to master the corresponding calculation methods and analysis skills.

(2) Experimental equipment

Pressure test modules, flow meters, pressure gauges, etc.

(3) Experimental principle

In the pressure test module experiment, by changing parameters such as flow and
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pressure in the pipeline system, the impact of these changes on pressure loss is observed

and measured. Specifically, components such as venturi tubes and pitot tubes can be
used to measure the velocity and pressure difference of a fluid to calculate the flow rate
and pressure loss of the fluid. In addition, different types of valves, elbows and other pipe
accessories can be used to simulate different pipe connection methods to study their
impact on pressure loss.

(4) Experimental process

Step 1: Preparation

Check that the equipment is in good working order and that all pipe connections are
connected and tightened.

Step 2: Set experimental parameters

According to the purpose of the experiment, select the appropriate pipe diameter,
roughness, valve type and accessories. Record the experimental parameters for
subsequent analysis.

Step 3: Experiment

According to the experimental steps, install straight pipe sections, valves, pipe fittings, etc.
in sequence, and connect the corresponding measuring components. Make sure all
connections are leak-free.

Step 4: Measure the data

Use accurate instruments to measure critical parameters such as flow, pressure and
temperature. Make sure the instrument is calibrated and maintains its accuracy during the
experiment.

Step 5: Record the data

Record in detail all data and observations during the experiment, including time, flow,
pressure, temperature, etc. This data is crucial for analyzing friction losses.

Step 6: After the experiment, please discharge the liquid level in the hydraulic pipe of the
pressure test module to within 500mm.

(5) Summary

Through this experiment, we can understand the changes in pipeline friction loss under
different laminar flow states, providing a reference for further optimizing the pipeline

system.



a2

S dme=  Jinan Minrry Technology Equipment Co ., Ltd. | ﬁ
L

5.2 Friction loss experiment of rough pipe with inner diameter

17mm

(1) Experimental purpose

By using a rough pipe module with an inner diameter of 17mm, the effect of the inner
diameter of the pipe on friction loss under a specific flow rate was studied.

(2) Experimental equipment

Rotameter, rough tube module with inner diameter 17mm, pressure gauge.

(3) Experimental principle

When fluid passes through pipes with different inner diameters, fluid pressure loss occurs
due to the friction between the pipe wall and the fluid particles. This experiment observes
and compares the difference in pressure loss under different inner diameters by changing
the inner diameter of the pipeline.

(4) Experimental process

Step 1: Check that the equipment is in good working order and make sure all connections
are correct and tight.

Step 2: Open the ball valve on the rough pipe module with an inner diameter of 17mm,
and adjust the flow rate to the predetermined value.

Step 3: Observe the pressure gauge to measure the pressure difference and flow rate at
both ends of the pipe.

Step 4: Record all data and observations during the experiment, including time, flow,
pressure, etc.

Step 5: Repeat the above steps and conduct experiments using different traffic flows.
Step 6: Analyze the data to determine the effect of inner diameter on friction loss.

(5) Summary

This experiment studied the effect of the inner diameter of the pipe on friction loss by
using a rough pipe module with an inner diameter of 17mm. Experimental results show
that under the same flow rate, a thicker pipe inner diameter can reduce friction loss. This

has important implications for optimizing piping system design.

5.3 Gate valve inner diameter 26.6mm smooth tube experiment

(1) Experimental purpose

Study the effect of the smooth tube module with an inner diameter of 26.6mm on the
friction pressure loss of the gate valve.

(2) Experimental equipment

Gate valve inner diameter 26.6mm smooth tube module, flow meter, pressure gauge, etc.

(3) Experimental principle
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Gate valve is another type of valve. The smooth tube module with an inner diameter of
26.6mm can provide a larger flow area and reduce fluid velocity and friction loss. This
design is suitable for piping systems that require frequent flow adjustments.

(4) Experimental process

Step 1: Preparation

Check that the equipment is in good working order and that all pipe connections are
connected and tightened.

Step 2: Set experimental parameters

According to the purpose of the experiment, select the appropriate pipe diameter,
roughness, valve type and accessories. Record the experimental parameters for
subsequent analysis.

Step 3: Experiment

According to the experimental steps, the straight pipe section, the gate valve inner
diameter 26.6mm smooth pipe module, etc. are installed in sequence, and the
corresponding measuring components are connected. Make sure all connections are
leak-free.

Step 4: Measure the data

Use accurate instruments to measure critical parameters such as flow, pressure and
temperature. Make sure the instrument is calibrated and maintains its accuracy during the
experiment.

Step 5: Record the data

Record in detail all data and observations during the experiment, including time, flow,
pressure, temperature, etc. This data is crucial for analyzing friction losses.

Step 6: Analyze the data

At the end of the experiment, the collected data were carefully analyzed to identify
patterns and trends in friction loss. This may require the use of specific software or
computing tools.

(5) Summary

Through this experiment, we can understand the changes in pipe friction loss in a smooth
pipe with an inner diameter of 26.6mm, and provide a reference for further optimizing the

pipeline system.
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5.4 Venturi experiment

(1) Experimental purpose

By measuring the pressure difference between the venturi inlet and the smallest
cross-section, the flow rate of the fluid is calculated.

Understand the changing patterns of fluid velocity and pressure in a venturi tube.

(2) Experimental equipment

Venturi tube, pressure gauge, CPC plastic quick connector female head.

(3) Experimental principle

A venturi is a tube that first contracts and then gradually expands. When fluid flows
through a Venturi tube, the velocity and pressure of the fluid change accordingly due to
changes in the cross-section of the tube. At the smallest cross-section, the fluid velocity is
greatest and the pressure is lowest. By measuring the pressure difference between the
inlet cross-section and the smallest cross-section, the flow rate of the fluid can be
calculated.

(4) Experimental process

Step 1: Install the pressure gauge or pressure sensor at the inlet and minimum
cross-section of the venturi tube to measure the pressure at the two locations.

Step 2: Turn on the water pump and allow fluid to flow into the venturi tube.

Step 3: Observe and record the reading of the pressure gauge or pressure sensor and
calculate the pressure difference.

Step 4: Calculate the flow rate of the fluid based on the size of the venturi tube and the
flow rate formula.

Step 5: Analyze the experimental data to draw conclusions about the flow rate and
pressure changes in the venturi tube.

(5) Summary

Through the Venturi tube experiment, we can understand the changing rules of fluid speed
and pressure in the pipe, and how to calculate the flow rate by measuring the pressure
difference. This is important for understanding and analyzing issues such as friction

losses in piping systems.
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5.5 T-type interface module experiment

(1) Experimental purpose

The main purpose of the T-type interface module experiment is to study and understand
the friction loss generated when fluids divide or merge through the T-type interface in the
pipeline system. This understanding can help optimize piping system design, reduce
energy losses, and improve system efficiency.

(2) Experimental equipment

T-shaped tee joint, 90° elbow, ball valve, axial edge shock-resistant pressure gauge,
hydraulic distributor, flow meter, pitot tube, venturi tube.

(3) Experimental principle

When fluids divide or merge through the T-shaped interface, pressure loss will occur due
to the friction between the fluid particles and the pipe wall, which is friction loss. By using
precise measuring equipment (such as flow meters, pitot tubes, venturi tubes, etc.) and
pressure gauges, friction losses under different conditions can be measured and
analyzed.

(4) Experimental process

Step 1: Make sure all equipment is in good working order and inspect pipes, valves,
pumps and other related equipment for signs of damage or wear.

Step 2: Prepare enough clean fluid, such as water, for the experiment.

Step 3: According to the experimental requirements, install the T-shaped interface
module,

Step 4: Connect everything together, making sure the connections are correct and
avoiding any connections that could cause leaks.

Step 5: Turn on the centrifugal pump and adjust the flow rate to the appropriate range.
Step 6: During the experiment, record the pressure values and flow values at each
location in detail. Measurements can be made using measuring elements such as
pressure gauges and pitot tubes. Make sure the data is accurate.

Step 7: After the experiment, carefully analyze the collected data to identify patterns and
trends in friction loss. This may require the use of specific software or computing tools.
Step 8: After the experiment, thoroughly clean all equipment and work areas. Make sure
all liquids are properly drained or stored and all equipment is securely secured.

(5) Summary

Based on the experimental results, summarize and understand the impact of the T-type
interface module on friction loss. This will help optimize piping system design, reduce
energy losses and improve system efficiency. At the same time, it also provides a basis for

further research.
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Please refer to the pictures in the attachment, which include the placement of all

equipment, connection methods, and corresponding valves, pipes and other components.
Make sure to install and connect correctly as shown in the diagram.

7. Care and maintenance

1. Daily maintenance and upkeep

(1) Check the equipment every day to see if it is in good working condition, especially if
there are any signs of damage or wear on pipe connections, valves and pumps.

(2) Clean the equipment regularly to prevent the accumulation of dust and other impurities
from affecting the normal operation of the equipment.

(3) If any abnormal sound, smell or vibration is detected, stop using the equipment
immediately and conduct an inspection.

2. Maintenance cycle

(1) Develop a reasonable maintenance cycle based on the usage of the equipment and
the manufacturer's recommendations. Generally speaking, a comprehensive overhaul
should be performed at least once a year.

(2) During the maintenance period, the equipment should be comprehensively inspected
and maintained, including replacing worn parts, cleaning pipes and valves, etc.

3. Maintenance and maintenance during long-term outage

(1) If the equipment needs to be shut down for a long time, the equipment should be
thoroughly cleaned and all liquids drained before shutting down.

(2) Store the equipment in a dry, cool place, away from direct sunlight and rain.

(3) Before reactivating the equipment, necessary inspections and maintenance should be

carried out to ensure that the equipment can operate safely and effectively.
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Precautions

1. The device must be connected to the correct power supply and ensure that the
grounding line of the line is reliable!

2. During the equipment experiment, high temperature will be generated. Do not touch the
heating element directly with your hands!

3. To ensure the accuracy of the experimental data, the experiment should be in a
constant temperature and windless environment as much as possible.

4. During the experiment, if the experiment needs to replace the heating element, please
turn off the heater switch and the load switch!

5. When demonstrating the natural convection experiment, it is not easy to demonstrate
the experiment for too long. After all experiments are completed, do not turn off the axial
flow fan. Wait until the temperature sensor reading of the heating element drops to room
temperature, then turn off the axial flow fan to prevent residual heat from damaging the
equipment.

6. When moving the equipment, do not pull or bend the wiring of the temperature sensor

to avoid damaging the temperature sensor!

SN —2_ . _
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1. Product Introduction

1.1 Product Description

The WL 440 free and forced convection equipment is designed to help students
understand and comprehend convection heat transfer, one of the three major heat
transfer modes in thermodynamics. Convection heat transfer can be divided into natural
convection and forced convection. Natural convection is caused by the uneven density of
the spatial fluid due to the uneven temperature field of the spatial fluid. Forced convection
is caused by the flow of fluid driven by external forces such as fans or pumps.

The WL 440 free and forced convection equipment is mainly composed of a vertical pipe
with a detachable heating element, several sensors (including a handheld temperature
probe), a waterproof electrical adapter box and a power supply box. The vertical pipe with
a detachable heating element is the core component of the experimental bench. A
temperature sensor (T1) is installed at the air inlet at the lower end of the vertical pipe, and
a sensor for measuring wind speed is also installed above the T1 sensor. Three different
types of heating elements can be installed in the middle of the vertical pipe, namely, a
tube bundle heat exchanger, a cylindrical heat exchanger, and a plate heat exchanger.
Each heat exchanger is equipped with a temperature sensor (T4). A 24V adjustable axial
fan is installed at the upper air outlet of the vertical duct. A temperature sensor (T4) is
installed below the axial fan. The handheld temperature probe (T3) can be inserted in the
middle of the vertical duct (holes are reserved in the duct). Multiple sensor transmitters
are installed in the waterproof electrical adapter box, which can transmit sensor data to

the electrical box for processing.

1.2 Product Features

1. The product has a beautiful design, is sturdy and durable, has a small overall size, is

plug-and-play, and has complete functions, which can meet the requirements of

SN —3_ . _
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experimental teaching.

2. The product adopts a modular design and can carry out a variety of teaching and
research experiments.

3. The accessories of the product can be installed quickly,

4. The product is equipped with a dedicated software to facilitate users to quickly obtain

experimental data.

2. Technical specifications

2.1 Technical parameters

Power supply parameters: AC230V 50Hz

Flow cross-sectional area: 120x120mm; height about 0.6 meters
Heating element parameters:

Temperature limit: 90°C.

Tube bundle heating element parameters:

Number of tubes: 23; one tube in a variable position is heated.
Heating power: 20W; heat transfer area: 31,41cm2

Parameters of cylinder with uniform surface temperature:
Heating power: 20W; heat transfer area: 111cm2

Heating power: 40W; heat transfer area: 2x 100 cm2
Parameters of cylinder with heating foil:

Heating power: 40W; heat transfer area: 111cm2

Parameters of axial fan:

Maximum flow rate: 500m3h; Maximum pressure difference: about 950Pa; Power
consumption: 90W

Air speed: 0...10m/s

Temperature: 4x 0...325°C

Heating power: 0...50W

www.minrry-education.com
! admin@minrry.com
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Required working environment conditions: Ambient temperature: -10°C ~+40°C; Relative

humidity: <85% (25°C).
2.2 Dimensions and weight

Dimension: 400*300*800mm

Weight: 22KG

3. Product component names and function

introduction

3.1 Product main part

i
AL TITTTTT T

= " 6
B d (7
vw v
No | Name Features
1 | Axial fan For ventilation of the passage
2 | T2 thermometer For measuring the temperature at T2
3 —5— www.minrry-education.com

! admin@minrry.com



_"‘_ IQ Jinan Minrry Technology Equipment Co ., Ltd. I_
L

3 | Handheld thermometer | For measuring the temperature of the heating element

4 | Viewing window For observing the status of the heating element
5 | Anemometer For measuring the wind speed
6 | T1thermometer For measuring the temperature of T1

7 | Electrical waterproof box | Electrical box for installing electrical modules

8 | Circuit breaker For controlling the on and off of electrical

9 | Indicator light For indicating the status of the power supply
10 | USB port Interface for communication with the PC

11 | Network interface Interface for downloading programs

3.2 Product accessories

©

i
S ) 1€
/ :

No | Name Features

Cylinder with  uniform  surface | Experimental module for convection heat

temperature transfer

— 6 — 2 :
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Experimental module for convection heat
2 | Bundle-type experimental module
transfer

Experimental module for convection heat
3 | Cylinder with heating foil
transfer

Experimental module for convection heat
4 | Flat-type experimental module

transfer
5 | Sensor data cable Used to transmit sensor data
6 | USB data cable Used to communicate with PC
7 | Power cable Used to provide power to the electrical box
8 | USB flash drive Software disk for storing software

4.Product Configuration List

No | Name Qty
1 | Axial fan 1
2 | Temperature sensor 2
3 | Handheld temperature sensor 1

4 | Cylinder with uniform surface temperature | 1

5 | Bundle-type experimental module 1
6 | Cylinder with heating foil 1
7 | Flat-type experimental module 1
8 | Sensor data cable 3
9 | USB data cable 1
10 | Power cable 2
11 | Anemometer 1
12 | Circuit breaker 1
T — 71— www.minrry-education.com
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13 | Indicator light 1
14 | USB interface 1
15 | Network interface 1

5. Product software installation tutorial

5.1 Nl environment installation tutorial

(1) Click the NI-VISA_19.0_ONLINE_REPACK installation file.

1'

Package Manager

® POA6-2828 Notionol Instruments. REEATH

(2) Click Select All, and then click Next.

—8— : :
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B installing NI-VISA *

Select Agree Review Finish

Additional items you may wish to install:

NI Certificates Installer
NI Certificates configures Microsoft Windows to always trust software from NI When MI Certificates are installed, ne
Windows security popups appear for installers that have a valid Mational Instruments digital signature.

NI /O Trace

Debugging utility for monitoring function calls to various National Instruments APIs.

&

NI Instrument I/O Assistant LabVIEW 2017 (32-Bit) Support
Provides Ml Instrument /O Assistant Support for LabVIEW 2017 (32-bit).

NI PX] Platform Services Runtime
NI PXi Platform Services Runtime supports NI PXI Chassis and Controllers, implements the PXI specifications, and
supplies system services to other NI products.

NI-VISA .NET Development Support

Installs the lecal assembly for development of MI-VISA applications using the standard .MET API specified by the v
Foundation.

K

K

N

21 NI-VISA NFT Runtime

Select All Deselect All Mext

(3) Click "I accept the above two license agreements" and click "Next".

www.minrry-education.com
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B installing Ni-visa X

Select Agree Review Finish

You must accept the license agreements below to proceed.

VI
NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT

CAREFULLY READ THIS SOFTWARE LICENSE AGREEMENT ("AGREEMENT"). BY DOWNLOADING THE
SOFTWARE AND/OR CLICKING THE APPLICABLE BUTTON TC COMPLETE THE INSTALLATION
PROCESS, YOU AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT. IF YOU DO NOT WISH TO
BECOME A PARTY TO THIS AGREEMENT AND BE BOUND BY ITS TERMS AND CONDITIONS, DO NOT
INSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE (WITH ALL ACCOMPANYING
WRITTEN MATERIALS AND THEIR CONTAINERS) WITHIN THIRTY (30) DAYS OF RECEIPT ALL
RETURNS TO NI WILL BE SUBJECT TO NI'S THEN-CURRENT RETURN POLICY. If you are accepting these
terms on behalf of an entity, you agree that you have authority to bind the entity to these terms.

| The terms of this Agreement apply to the computer software provided with this Agreement, all updates or

This license agreement applies to the following packages: NI License Manager, NI Update Service, LabVIEW Runtime (32-
bit), NI-VISA

() 1 do not accept all the license agreements.

I accept the sbove 2 license agrzements

Back Mext

(4) Click “Next”.

A installing ni-visa x

Select Agree Review Finish

You must accept the license agreements below to proceed.

Microsoft Silverlight 5 EULA Microsoft Silverlight 5.1 Privacy Statement
MICROSOFT SOFTWARE LICENSE TERMS
MICROSOFT SILVERLIGHT 5

These license terms are an agreement between Microsoft Corporation (or based on where you live. one of its
affiliates) and you. Please read them. They apply to the software named above, which includes the media on
which you received it, if any. The terms also apply to any Microsoft

¢ updates (including but not limited to bug fixes, patches, updates, upgrades, enhancements_ new
versions, and successors to the software, collectively called “updates™),

*  supplements,

*  Internet-based services, and

() 1 do not accept all the license agreements. @ | accept the above 2 license agreements.

Back Mext

(5) Click “Next”.

1 — 10— www.minrry-education.com
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I installing Ni-viSA x

Select Agree Review Finish

Information about the products to be installed.

v NI-VISA

IMPORTANT: LabVIEW NXG Support

This version of NI-VISA only installs support for LabVIEW NXG 3.0. Proceeding with this installation will not
enable any new hardware or features in other versions of LabVIEW NXG. If you are not currently installing
LabVIEW NXG, close this window and search for LabVIEW NXG to install both LabVIEW NXG and NI-VISA at
the same time. Upgrading NI-VISA will not remove support for other versions of LabVIEW NXG.

Back Mext

(6) Click “Next”.

I installing HI-vISA x

Select Agree Review Finish

Review the following summary before continuing.

¥ Install
LabVIEW Runtime (32-bit) 2019
MI-VISA 19.0.0
NI Certificates Installer 21.0.0
MII/O Trace 19.0.0
NI Instrument I/O Assistant LabVIEW 2017 (32-Bit) Support 19.0.0
NI PXI Platform Services Configuration 19.0.0
NI PXI Platform Services Runtime 19.0.0
NI System Configuration .MET Runtime 15.0.0
MI-VISA .MET Development Support 15.0.0
MI-VISA .NET Runtime 19.0.0
MI-VISA C Examples 19.0.0
MNI-VISA Confiouration Sunnort 16.0.0
Back Next

(7) Click “Next”.
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Select Agree Review Finish

m

Upgrading NI Security Update (KB 67L8LCQW)

Installing NI Security Update (KB 67L8LCQW)

(8) After the installation is complete, restart the computer.

5.2 Upper computer software installation tutorial

(1) Insert the USB disk with the installation software into the computer and run it. Select
and open My Installer/Volume/setup.

(2) Click NEXT.

(3) Fill in the installation directory. The default path can be used here. Click NEXT to

proceed to the next step.
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|
Destination Directory
Select the installation directonies.,

All zoftware will be installed in the fallowing locations. Tao install software into &
different location, click the Browse button and select another directany.

Directory for DL-Thermaos A-12 Solar Refrigeratar Kit with Panel
|CZ “Program Files (x86)%Solar Refrigerator KEit With Panell

‘ Browse...

Directory for Mational Ingtruments products
|CZ\Program Files (x86)\Fational Tostruments"

‘ Browse. ..

¢ Back Mest > Canicel

(4) Continue clicking NEXT.

|
Start Installation
Fieview the following summary before continuing.

Adding or Changing
» DL-Thermos &-12 Solar Refrigerator Kit with Panel Files

Click the Mexst button to begin installation. Click the Back buttan to change the installation settings.

Save F-ile... <4 Back Caticel

(5) The software starts to be installed, as shown in the figure below.

J— J— 4 .
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Overall Progress: 0% Complete

¢ Back Mewt >
(6) When the installation is complete, the following window pops up. Click Finish to exit

the installation.

|
Installation Complete

The installer has finished updating vour system.

<4 Back Firnzh

(7) After the installation is complete, click "Finish". Then restart the computer.
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(8) Start the software and see the main interface

[ WL 440 Free And Forced Convectionai

Fle Edit Operate Tools Window Help

e @

Communication Status Indicator Q)

Manipulating variable

h{ 05 % Alpha amaz = W/mK
Fan > Q2474764 W/m'
T2 2188 ° C

Heating power

Ratio %[ %
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p 2747 w
Heater Gl Tube Bundle
| Tube Bundle @
. Cylinder
T4 8845 C Glinder | @
T board

Y By toard | @
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www.minrry-education.com
admin@minrry.com



_"‘_ IQ Jinan Minrry Technology Equipment Co ., Ltd. I_
L

6. Product teaching experiment list

(1) Natural convection and forced convection demonstration experiment

(2) Sweeping flat plate convection heat transfer experiment

(3) Sweeping cylinder convection heat transfer experiment with uniform surface
temperature

(4) Sweeping tube bundle convection heat transfer experiment

(5) Sweeping cylinder convection heat transfer experiment with heating foil

J— J— 4 .
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7. Experimental Instructions
WL 440 Free and Forced Convection

7.1 Demonstration of Natural and Forced Convection

7.1.1 Experimental Objectives
Understand natural and forced convection.
7.1.2 Experimental Apparatus
WL 440 Free and Forced Convection
7.1.3 Experimental Theory
Convective heat transfer includes forced convection heat transfer and natural convection
heat transfer. In this experiment, forced convection heat transfer is embodied.
Natural convection: The buoyancy-driven flow is generated due to the uneven
temperature distribution inside the fluid, which is called natural convection. For example,
the air above the heater rises after heating, and the cold air descends to replenish it,
forming a natural circulation.
Forced convection: The convective heat transfer achieved by the external mechanical
force (such as a fan or pump) driving the fluid flow is called forced convection. This heat
transfer method is very common in industrial applications, such as heat exchangers in air
conditioning systems.
Convective heat transfer coefficient is also called convection heat transfer coefficient. The
basic calculation formula of the convective heat transfer coefficient was proposed by
Newton in 1701, also known as Newton's cooling law. Newton pointed out that the heat
flux of convective heat transfer between the fluid and the solid wall is proportional to their
temperature difference, that is:
q = h*(tw-t=)

Q = h*A*(tw-t~)=g*A

In the formula:

J— J— 4 .
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q is the heat exchanged between the solid surface and the fluid per unit area per unit time,

which is called heat flux density, with the unit of W/mA2;

tw and t~ are the temperatures of the solid surface and the fluid, respectively, with the unit
of K;

A'is the wall area, with the unit of m"2;

Q is the heat transfer heat on the area A per unit time, with the unit of W;

h is called the surface convection heat transfer coefficient, with the unit of W/(m”2.K).
Heat flux, also known as heat flux density, refers to the heat energy passing through a unit
area per unit time. It is a directional vector, and its unit in the International System of Units
is J/(m*-s), that is, joule/second*square meter.

In heat transfer at the fluid boundary (surface), the Nusselt number (Nu) is the ratio of the
convective heat across the boundary to the conductive heat. In this case, convection
includes advection and diffusion. Named after William Nusselt, this is a dimensionless
quantity. The conductive heat value is measured under the same conditions as the heat
convection value, but due to the presence of stagnant fluid during conduction.

For normal boundary surfaces, the convective and conductive heat flows are parallel, and

in simple cases perpendicular to the mean fluid flow.

In the formula, h is the convective heat transfer coefficient of the fluid, L is the
characteristic length, and k is the thermal conductivity of the fluid.

7.1.4 Experimental steps

(1) Install the required heating experimental elements and fix them with four bolts.

(2) Use three-core, four-core and eight-core aviation plugs to connect the electrical box
and the main experimental equipment, use the power cord to provide power to the
electrical box and check whether it is safely grounded, use a USB cable to connect the
electrical box and PC, and open the software on the computer, and modify the computer's
IP address segment 192.168.2.X (192.168.2.2 cannot be used, which is the IP address of
the electrical box).

(3) Close the circuit breaker and wait for the readings of each sensor to stabilize.

- — 18—
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(4) Start the demonstration of natural convection experiment, set the heater output power
heating ratio to 100%, turn on the heating switch, and the heating element is running at full
power. As the experiment progresses, it can be seen that the temperature sensor T4
reading increases sharply, the T2 temperature reading increases slowly, and the
anemometer reading (Ws) also increases slightly with a slight fluctuation, indicating that
natural convection occurs in the vertical duct.

(5) Start the forced convection experiment. On the basis of the natural convection
experiment, turn on the axial fan switch, set the fan output power ratio to 100%, and turn
on the fan start switch. As the experiment progresses, it can be seen that the temperature
sensor T4 reading decreases rapidly, the T2 reading increases rapidly, and the
anemometer reading increases sharply, indicating that forced convection occurs in the
vertical duct and that forced convection dominates.

(6) In the lower right corner of the software interface, select the correct heating element
type, which will affect the convective heat transfer coefficient and heat flux density.

(7) After the demonstration experiment is completed, turn off the heating element and the
axial fan continues to run until all temperature sensor readings return to room temperature
before turning off the axial fan.

7.1.5 Experimental summary

J— J— 4 .
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7.2 Swept Plate Convective Heat Transfer Experiment

7.2.1 Experimental Objectives
Understand the swept plate convection heat transfer experiment.
7.2.2 Experimental Apparatus
WL 440 Free and Forced Convection
7.2.3 Experimental Theory
Convective heat transfer includes forced convection heat transfer and natural convection
heat transfer. In this experiment, forced convection heat transfer is embodied.
Natural convection: The buoyancy-driven flow is generated due to the uneven
temperature distribution inside the fluid, which is called natural convection. For example,
the air above the heater rises after becoming hot, and the cold air falls to replenish it,
forming a natural circulation.
Forced convection: The convective heat transfer achieved by driving the fluid flow by
external mechanical force (such as fans and pumps) is called forced convection. This heat
transfer method is very common in industrial applications, such as heat exchangers in air
conditioning systems.
The convection heat transfer coefficient is also called the convection heat transfer
coefficient. The basic calculation formula for the convection heat transfer coefficient was
proposed by Newton in 1701, also known as Newton's cooling law. Newton pointed out
that the heat flux of convective heat transfer between the fluid and the solid wall is
proportional to their temperature difference, that is:
q = h*(tw-t=)

Q = h*A*(tw-t~)=g*A
In the formula:
q is the heat exchanged between the solid surface and the fluid per unit area per unit time,
which is called heat flux density, with the unit of W/mA2;

tw and t~ are the temperatures of the solid surface and the fluid, respectively, with the unit

J— J— 4 .
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of K;

Ais the wall area, with the unit of m"2;

Q is the heat transfer heat on the area A per unit time, with the unit of W;

h is called the surface convection heat transfer coefficient, with the unit of W/(m”2.K).
Heat flux, also known as heat flux density, refers to the heat energy passing through a unit
area per unit time. It is a directional vector, and its unit in the International System of Units
is J/(m*-s), that is, joule/second*square meter.

In heat transfer at the fluid boundary (surface), the Nusselt number (Nu) is the ratio of the
convective heat across the boundary to the conductive heat. In this case, convection
includes advection and diffusion. Named after William Nusselt, this is a dimensionless
quantity. The conductive heat value is measured under the same conditions as the heat
convection value, but due to the presence of stagnant fluid during conduction.

For normal boundary surfaces, the convective and conductive heat flows are parallel, and

in simple cases perpendicular to the mean fluid flow.

hL
k

N, =
In the formula, h is the convective heat transfer coefficient of the fluid, L is the
characteristic length, and k is the thermal conductivity of the fluid.

7.2.4 Experimental steps

(1) Install the flat heating experimental element required for the experiment and fix it with
four bolts.

(2) Use three-core, four-core and eight-core aviation plugs to connect the electrical box
and the main experimental equipment, use the power cord to provide power to the
electrical box and check whether it is safely grounded, use a USB cable to connect the
electrical box and PC, and open the software on the computer, and modify the computer's
IP address segment 192.168.2.X (192.168.2.2 cannot be used, which is the IP address of
the electrical box).

(3) Close the circuit breaker, power the equipment and wait for the readings of each

sensor to stabilize.

(4) Start the demonstration of forced convection experiment, turn on the axial fan switch,

— — 2 :
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set the fan output power ratio to 100%, and turn on the fan start switch; set the heater
output power heating ratio to 100%, and turn on the heating switch. At this time, the
heating element is running at full power. As the experiment progresses, it can be seen that
the temperature sensor T4 reading increases dramatically, the temperature reading of T2
also increases rapidly, and the anemometer reading increases rapidly, which indicates
that forced convection occurs in the vertical duct and that forced convection dominates.
The temperature data is measured by a manual thermometer.

(5) In the lower right corner of the software interface, select the correct heating element
type, which will affect the convective heat transfer coefficient and heat flux density.

(6) After the demonstration experiment is completed, turn off the heating element and
continue to run the axial fan until all temperature sensor readings return to room

temperature before turning off the axial fan.

- —23—
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7.3 Convective heat transfer experiment of a cylinder with

uniform surface temperature swept

7.3.1 Experimental objectives
Convective heat transfer experiment of a cylinder with uniform surface temperature swept
7.3.2 Experimental apparatus
WL 440 free and forced convection
7.3.3 Experimental theory
Convective heat transfer includes forced convection heat transfer and natural convection
heat transfer. In this experiment, forced convection heat transfer is embodied.
Natural convection: The buoyancy-driven flow is generated due to the uneven
temperature distribution inside the fluid, which is called natural convection. For example,
the air above the heater rises after becoming hot, and the cold air falls to replenish it,
forming a natural circulation.
Forced convection: The convective heat transfer achieved by driving the fluid flow by
external mechanical force (such as fans and pumps) is called forced convection. This heat
transfer method is very common in industrial applications, such as heat exchangers in air
conditioning systems.
The convection heat transfer coefficient is also called the convection heat transfer
coefficient. The basic calculation formula for the convection heat transfer coefficient was
proposed by Newton in 1701, also known as Newton's cooling law. Newton pointed out
that the heat flux of convective heat transfer between the fluid and the solid wall is
proportional to their temperature difference, that is:
q = h*(tw-t)

Q = h*A*(tw-t~)=g*A
In the formula:
q is the heat exchanged between the solid surface and the fluid per unit area per unit time,

which is called heat flux density, with the unit of W/mA2;
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tw and t~ are the temperatures of the solid surface and the fluid, respectively, with the unit

of K;

Ais the wall area, with the unit of m"2;

Q is the heat transfer heat on the area A per unit time, with the unit of W;

h is called the surface convection heat transfer coefficient, with the unit of W/(m”2.K).
Heat flux, also known as heat flux density, refers to the heat energy passing through a unit
area per unit time. It is a directional vector, and its unit in the International System of Units
is J/(m*-s), that is, joule/second*square meter.

In heat transfer at the fluid boundary (surface), the Nusselt number (Nu) is the ratio of the
convective heat across the boundary to the conductive heat. In this case, convection
includes advection and diffusion. Named after William Nusselt, this is a dimensionless
quantity. The conductive heat value is measured under the same conditions as the heat
convection value, but due to the presence of stagnant fluid during conduction.

For normal boundary surfaces, the convective and conductive heat flows are parallel, and

in simple cases perpendicular to the mean fluid flow.

In the formula, h is the convection heat transfer coefficient of the fluid, L is the
characteristic length, and k is the thermal conductivity of the fluid.

7.3.4 Experimental steps

(1) Install the cylindrical heating experimental element with uniform surface temperature
required for the experiment and fix it with four bolts.

(2) Use three-core, four-core and eight-core aviation plugs to connect the electrical box
and the main experimental equipment, use the power cord to power the electrical box and
check whether it is safely grounded, use the USB cable to connect the electrical box and
the PC, and open the software on the computer, and modify the computer's IP address
segment 192.168.2.X (192.168.2.2 cannot be used, which is the IP address of the
electrical box).

(3) Close the circuit breaker, power the equipment and wait for the readings of each

sensor to stabilize.
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(4) Start the demonstration of forced convection experiment, turn on the axial fan switch,

set the fan output power ratio to 100%, and turn on the fan start switch; set the heater
output power heating ratio to 100%, and turn on the heating switch. At this time, the
heating element is running at full power. As the experiment progresses, it can be seen that
the temperature sensor T4 reading increases dramatically, the temperature reading of T2
also increases rapidly, and the anemometer reading increases rapidly, which indicates
that forced convection occurs in the vertical pipe and that forced convection dominates.
The temperature data is measured by a manual thermometer.

(5) In the lower right corner of the software interface, select the correct heating element
type, which will affect the convection heat transfer coefficient and heat flux density.

(6) After the demonstration experiment is completed, turn off the heating element and
continue to run the axial fan until all temperature sensor readings return to room

temperature. The axial fan can then be turned off.

7.4 Sweeping tube bundle convection heat transfer experiment

7.4.1 Experimental objectives

Sweeping tube bundle convection heat transfer experiment

7.4.2 Experimental equipment

WL 440 free and forced convection

7.4.3 Experimental theory

Convection heat transfer includes forced convection heat transfer and natural convection
heat transfer. In this experiment, forced convection heat transfer is reflected.

Natural convection: Due to the uneven temperature distribution inside the fluid, the density
difference leads to buoyancy-driven flow. This kind of convective heat transfer is called
natural convection. For example, the air above the heater rises after heating, and the cold
air descends to replenish it, forming a natural cycle.

Forced convection: The convective heat transfer achieved by the flow of fluid driven by

external mechanical force (such as fans and pumps) is called forced convection. This heat
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transfer method is very common in industrial applications, such as heat exchangers in air

conditioning systems.
The convection heat transfer coefficient is also called the convection heat transfer
coefficient. The basic calculation formula for the convection heat transfer coefficient was
proposed by Newton in 1701, also known as Newton's cooling law. Newton pointed out
that the heat flux of convective heat transfer between the fluid and the solid wall is
proportional to their temperature difference, that is:
q = h*(tw-t=)

Q = h*A*(tw-t~)=g*A
In the formula:
q is the heat exchanged between the solid surface and the fluid per unit area per unit time,
which is called heat flux density, with the unit of W/mA2;
tw and t~ are the temperatures of the solid surface and the fluid, respectively, with the unit
of K;
Ais the wall area, with the unit of m"2;
Q is the heat transfer heat on the area A per unit time, with the unit of W;
h is called the surface convection heat transfer coefficient, with the unit of W/(m”2.K).
Heat flux, also known as heat flux density, refers to the heat energy passing through a unit
area per unit time. It is a directional vector, and its unit in the International System of Units
is J/(m*-s), that is, joule/second*square meter.
In heat transfer at the fluid boundary (surface), the Nusselt number (Nu) is the ratio of the
convective heat across the boundary to the conductive heat. In this case, convection
includes advection and diffusion. Named after William Nusselt, this is a dimensionless
quantity. The conductive heat value is measured under the same conditions as the heat
convection value, but due to the presence of stagnant fluid during conduction.
For normal boundary surfaces, the convective and conductive heat flows are parallel, and

in simple cases perpendicular to the mean fluid flow.

hL
R it
(' k

In the formula, h is the convection heat transfer coefficient of the fluid, L is the
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characteristic length, and k is the thermal conductivity of the fluid.

7.4.4 Experimental steps

(1) Install the bundled heating experimental element required for the experiment and fix it
with four bolts.

(2) Use three-core, four-core and eight-core aviation plugs to connect the electrical box
and the main experimental equipment, use the power cord to power the electrical box and
check whether it is safely grounded, use the USB cable to connect the electrical box and
the PC, and open the software on the computer, and modify the computer's IP address
segment 192.168.2.X (192.168.2.2 cannot be used, which is the IP address of the
electrical box).

(3) Close the circuit breaker, power the equipment and wait for the readings of each
sensor to stabilize.

(4) Start the demonstration of forced convection experiment, turn on the axial fan switch,
set the fan output power ratio to 100%, and turn on the fan start switch; set the heater
output power heating ratio to 100%, and turn on the heating switch. At this time, the
heating element is running at full power. As the experiment progresses, it can be seen that
the temperature sensor T4 reading increases dramatically, the temperature reading of T2
also increases rapidly, and the anemometer reading increases rapidly, which indicates
that forced convection occurs in the vertical duct and that forced convection dominates.
The temperature data is measured by a manual thermometer.

(5) In the lower right corner of the software interface, select the correct heating element
type, which will affect the convection heat transfer coefficient and heat flux density.

(6) After the demonstration experiment is completed, turn off the heating element and
continue to run the axial fan until all temperature sensor readings return to room

temperature. The axial fan can then be turned off.
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7.5 Sweeping Convection Heat Transfer Experiment of a

Cylinder with a Heating Foil

7.5.1 Experimental Objectives
Sweeping Convection Heat Transfer Experiment of a Cylinder with a Heating Foll
7.5.2 Experimental Apparatus
WL 440 Free and Forced Convection
7.5.3 Experimental Theory
Convection heat transfer includes forced convection heat transfer and natural convection
heat transfer. In this experiment, forced convection heat transfer is embodied.
Natural convection: Due to the uneven temperature distribution inside the fluid, the density
difference leads to buoyancy-driven flow. This kind of convective heat transfer is called
natural convection. For example, the air above the heater rises after heating, and the cold
air descends to replenish it, forming a natural cycle.
Forced convection: The convective heat transfer achieved by the flow of fluid driven by
external mechanical force (such as fans and pumps) is called forced convection. This heat
transfer method is very common in industrial applications, such as heat exchangers in air
conditioning systems.
The convection heat transfer coefficient is also called the convection heat transfer
coefficient. The basic calculation formula for the convection heat transfer coefficient was
proposed by Newton in 1701, also known as Newton's cooling law. Newton pointed out
that the heat flux of convective heat transfer between the fluid and the solid wall is
proportional to their temperature difference, that is:
q = h*(tw-t)

Q = h*A*(tw-t~)=g*A
In the formula:
q is the heat exchanged between the solid surface and the fluid per unit area per unit time,

which is called heat flux density, with the unit of W/mA2;
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tw and t~ are the temperatures of the solid surface and the fluid, respectively, with the unit

of K;

Ais the wall area, with the unit of m"2;

Q is the heat transfer heat on the area A per unit time, with the unit of W;

h is called the surface convection heat transfer coefficient, with the unit of W/(m”2.K).
Heat flux, also known as heat flux density, refers to the heat energy passing through a unit
area per unit time. It is a directional vector, and its unit in the International System of Units
is J/(m*-s), that is, joule/second*square meter.

In heat transfer at the fluid boundary (surface), the Nusselt number (Nu) is the ratio of the
convective heat across the boundary to the conductive heat. In this case, convection
includes advection and diffusion. Named after William Nusselt, this is a dimensionless
quantity. The conductive heat value is measured under the same conditions as the heat
convection value, but due to the presence of stagnant fluid during conduction.

For normal boundary surfaces, the convective and conductive heat flows are parallel, and

in simple cases perpendicular to the mean fluid flow.

Where h is the convective heat transfer coefficient of the fluid, L is the characteristic length,
and k is the thermal conductivity of the fluid.

7.5.4 Experimental steps

(1) Install the required cylindrical heating experimental element with heating foil and fix it
with four bolts.

(2) Use three-core, four-core and eight-core aviation plugs to connect the electrical box
and the main experimental equipment, use the power cord to power the electrical box and
check whether it is safely grounded, use a USB cable to connect the electrical box and PC,
and open the software on the computer, and modify the computer's IP address segment
192.168.2.X (192.168.2.2 cannot be used, which is the IP address of the electrical box).
(3) Close the circuit breaker, power the equipment and wait for the readings of each

sensor to stabilize.

(4) Start the demonstration of forced convection experiment, turn on the axial fan switch,
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set the fan output power ratio to 100%, and turn on the fan start switch; set the heater
output power heating ratio to 100%, and turn on the heating switch. At this time, the
heating element is running at full power. As the experiment progresses, it can be seen that
the temperature sensor T4 reading increases dramatically, the temperature reading of T2
also increases rapidly, and the anemometer reading increases rapidly, indicating that
forced convection occurs in the vertical duct and that forced convection dominates. The
temperature data is measured by a manual thermometer.

(5) In the lower right corner of the software interface, select the correct heating element
type, which will affect the convective heat transfer coefficient and heat flux density.

(6) After the demonstration experiment is completed, turn off the heating element and
continue to run the axial fan until all temperature sensor readings return to room

temperature before turning off the axial fan.

8. Product maintenance and care

(1) Maintenance and care after daily experiments

After daily experiments are completed, the heating element should be completely cooled
to room temperature before turning off the axial fan. The equipment should be placed in a
dry environment. Be careful not to damage the surface insulating paint layer.
Non-professionals are strictly prohibited from touching or pulling the thermocouple
temperature sensor (consumable parts).

(2) Long-term out-of-use maintenance and care

If the equipment is not used for a long time, it should be placed in a dry environment and

the accuracy of the sensor should be checked and calibrated every three months.
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