J ET R M U | Journal of Science Engineering and Technology Rajabhat Maha Sarakham University 83
L. 1 No. 2 May - August 2022

AMNYIVEIUYNTSAYUAZEITVINIUANSTU
A15a18WMANNSDUVDWIDAIUSTIU
Evaporation Length and the Working Fluid for
Heat Transfer Heat Pipe

s Juew! wag A9nua falnunee’

Wasan Pinate'” and Duangkamol Dangphonthong®

Lgildng Aoz Inermansiasinalulad unanerae s gumaIsaIu
251913AINTIUTLUVDINTT AL IAINTTUAITHT UNIINGIFETIVINUNITITAN
IProgram of Physics, Faculty of Science and Technology, Rajabhat Maha Sarakham University
2Program of Building Systems Engineering, Faculty of Engineering,
Rajabhat Maha Sarakham University

*Corresponding author. E-mail: kaapplied@hotmail.com

o/ [l

UNnanga

AT ngUsrasifieusuudadiinvesvionnutou uasAnyinavasaame
druvhsene wavansvhausenisaremaudeu lunsanuildans R123 wenuea wazih
Wuansviau dausqm/iamm%fauLmué’u'mauﬁwmﬂ‘w'am%aﬁwaqLmaﬁﬁﬁummﬁﬁmwﬁ G
muﬂuéﬂmqmﬂu 1.77 §88LU95 YUINANNYMNEIUINTEINY 5,10 Laz 15 [WURIAT 8730
Msfnasiy 50 WeddudvesUsinaimuasiuiulduden 10 Ieaden dnnslianudeu
druhssmevesienufeulaslduduanudeuludrunuuiuldifuumdsssuneanutou
insvuauIuegsRludIuiuausauTeieausau dlodushmsnegeu vnsifinaau
Souludnnisyive uavauaugamgiidiuiunuieulia 60 ssmwadeainadnsinislva

'
1 =

wazgauunivesaunitguugiindiuvisemesnselandangungidiuisemeiionis

1 3

a

nselantuaediotnluannizingd

Nnuanvageuasulidn Anuenduhssveiinasesnsnsaemanufouniela
anngingd dorruemdissmeiintuan 5 wufiwesdu 10 uwag 15 wufues msns
nstemaTideringfazanas wazansihanuiinadednsinsmemaufeuiianngingfidle

Waguasvihouan R123 Ju lemuea wazih adnsinisanamanuiawingfazanas

o o

AEARY: vieAuTaN MITEWANNTEY ViBAUToURUUAUITOU



84 NIATIMEMEns Imnssuenans Lavinalulad ummmaaiwmgwwmimuJ ET R M U |

'U‘W 1 atunl 2 waunIA — Amnau 2565

Abstract

The aims of this research are to improve the limited of oscillating heat pipe
(OHP) and study the effect of evaporation length and working fluid on heat transfer. In
this study, R123, ethanol and water were used as the working fluids. A set of OHP was
made from copper capillary tubes with the dimensions as followed; 1.77 mm inner
diameter, 5, 10 and 15 cm of evaporation lengths. 50% total volume of working
addition ratio and 10 turns were used. Heat was provided to the evaporator section
heating plate. The adiabatic section was properly insulated. In the test operation, heat
was supplied to the evaporator section and the temperature at the adiabatic section
was controlled at 60°C. Flow rate and water temperature were continually measured
until critical conditions were obtained.

From the results, it was concluded that the evaporation length had an effect
on rate of heat transfer of oscillating heat pipe (OHP) under critical state. When the
evaporator lengths increased from 5 cm to 10 and 15 cm, the critical heat transfer was
decreased. The working fluids affected on heat transfer rate under critical conditions.
Changing the R123 to ethanol and water resulted in the decreasing of critical heat

transfer rate.

Keywords: heat pipe, heat transfer, closed-looped oscillating heat pipe
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ﬁmw: Charoensawan et al., 2000

2. 1M&1UNau (Check Valves) (Pipatpaiboon et al., 2004)
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fisn: Pipatpaiboon et al, 2004
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AUINAINTT Calorimeter Ingn13inA1gungiiviavidiuazviasn 3ndudIan

AAlABTIAINITE1ELAILSDUTDIDALTDULUY OHP w1laain (Pipatpaiboon et al.,

2004)
Q=me, (1, —T,

Taein
Q = 9MFINNSHYANYMAIUSBUVDIVIDANUSDULUY OHP

= 9ns1NTIvaLTeanavesun (kg/s)

m
C, = AANNIANTBUTINNZYRNNTIAINAUAST (k)/kg. °C)
(Tour Tr) = @0unilvavieen ~gaumngiveswninvesdiuniuiy

gnsInshualtanna mlaann
m = pVA

Taedn

m = eATIMIlralianaves (kg/s)

p = AUNUILUUYDIU (kg/m?)
X A v oo | Al o < % 2
A = unvtnanveiafNlglun1snaasuinanmsiti (m?)

V = 8n51AuS e ilglun1snaaay (m/s)

4. anyAgrunisiinanyingivesieninuiou
Wiaussyansvihnudnlumeluveanudou Fuinisgaeinmeasenualansvinauluye

Aufauazyinsisesegludnunzveiourennal wasesleaduiulaedfiduveunar

WFBUUY NrtwislasauyfAguveinsiinan1isingAivewiennuseunfanadiiundu fe



J ET R M U | Journal of Science Engineering and Technology Rajabhat Maha Sarakham University 89
L. 1 No. 2 May - August 2022

4.1 fleFulvianudeunivionudou asvialuvierudeu deegluguuuurladle
wazfeuvauvanvzinnsduluwuIuny

4.2 \doldenufeuuderufouiunniudes « vedleaziaruiilubuiunugs
1n Tnefnwunulowsazvlesiiipnudalusunuuandieiu szsdanssuiiluuads e
1@1ud’suﬁwxmamaﬁmiia:uﬁaﬁ'mﬁuwgﬂaﬁﬁmmmimﬁu WAGUAANITHENBBNIINAY
iflosnnussvesrnuduledilianunsaienvuzusiiaiiveedleld

4.3 dleleudounnvierudouiiuinniudes o usailewnarusuiiuansiwes
wasloazgaturuanninoirurussiiontadeld vesloazsmiatudunedlovungnian
Winduriseme lunszuaunisinesloesldannsandeuiilUluwuunuldsndely widnadl

raa

Wémamuaﬂwamm,ﬂﬁauaqmmmawamﬂmau

4.4 dlol¥anudeuniviennudeufiniulusn Hduveunalaviinnssvieeang
InSuariuseiulegs auleftszmetiu ﬁmmL%’ﬂ,aﬁﬁmﬁquwaﬁazi‘dﬁmmﬂ‘wamm
youna FausingnistiFendt maviay Tuiigaiiduvesmariidadnsegludiuvinszive awiin

M35 L UAUMUARASVIDANUSDULAANITWIAS

NaN1INAAdILAZAUTIENE
SnwuznsaIemaNTauveiaaUTouluy OHP %uasﬁuﬁmﬂwmaﬁmﬁ
Aeiugy 8n3IN15ANAITU Yades Fllnvesa1siney vuadurugugnatanely
AMUEIEILYSEME S1uUTAEY PUNNNNITYINNIY Uag BRIIEIUNAINUNTU Fatiily

N

QWN’JF\]EJUT\]SLLG]EJSU’]EJQQLQWWS AUYIFIUNNTELNY LLa%‘UU@]‘UENﬁ']iV]N’mﬁNGl@élﬂi?}mgﬂ’]i

o w

femAnuteuiinitnsia vesionuseuLuy OHP Ssesunesasoluil
1. NaveInNEMIEILsTmETiisnsINsanemAuSeuTiidnste sewioruSou
WUy OHP
PNNINTINUISITINsIeweuSeuiiuwltufiazanailornuevesdiu
Vssmeinty dmdu R123 2siidnsnnisanomannudou 45.40 kW 13.14 kW wag 6.29 kW
dlennuemvesdiurhsymeiivuin 5 wufiung 10 WuRwung uas 15 wufwns muaisu
dmSuomueadziisnsInIsaemAINSeu 34.74 KW 9.19 kW uaz 5.60 kW auaisu wile
AMAEIVRIEITNSEMETNR 5 WURLAS 10 WURWAS LA 15 WURWAS wavdmusutiines

$9MIN1T18MANUTOU 32.54 KW 9.61 KW Lay 5.33 kW anua1iu Luammmwaamum

SLMERYUIA 5 LWURUAT 10 WURLLAT LAY 15 WURIAT AUaIRY



90 NIATIMEMEns Imnssuenans Lavinalulad NMW’JMH’WESE’WNQNMWH'}W]’WJ ET_ R M U |

'U‘VW 1 atunl 2 waunIA — Amnau 2565

50 A
45 A
40 A
35 4
30 A
25 4
20 4
15 A
10 A
5.

Critical Heat Flux (kw/m?)

o
4
=
o
=
13

Le(cm)

—e—R123 —a— Ethanol —a— Water

AN 4 NFLERIANLFUNUSTENINVUINVBIANNENIEIUIINTLY BALDENTINITANENAINY

[%

DU

2. NAYDENSYINIIUTLADEATINITANENANUSDUNTIATNNA YBIVIBAIIUSBULUY OHP
1NNTINNUINUSUIUAINUSDUNVBIAITVIUAUAINUYIVDIFIUNTE LN DY

v

Juagiunnantivesasvinnu fnuautivesasvinnuaziansiaiu daduagulaiinis

a"mwlm’1a,J%auﬁqafozéfuaQﬁUﬂwqmuqﬁmaqaﬁﬁ’muLLasmmm%faml,mﬁﬁ?w uazqALieadis
lashnundluiernufeudiansidenlifidmaliaaneslofinnauuasleslofifiniu
sionaidusivanufeunndmshssmeludemdsdmauuiy mnnsrasdiuidien
§1U09AIYNTEME 5 IwuRlunT R123 axdin1siemanufouiianiigingAfa 45.40 kw
wmueatzinsiemanuieutesnin R123 feAnistiemanudeufiannzingiuseanm
30.74 kW wazthaziinnsiemaudeutiosniviaesarsdsanisdeimanudouiiane
%ﬂqaﬂﬁvmm 32.50 KW dwfuiinnnuenvesdiuyinseive 10@uRiuns R123 aginsdiew
anudeuian1eingdiia 13.14 kw theefinsdiemennudeutesndt R123 fsansdiem
muFeuiianngingiuszanal 9.61 kW waglovnueadgiinisaemanuieutiesndn R123 &
Anstemanufeuiian1ngingivszann 9.19 kw iesainanududuriszinevesin
wnninenuea Tnsdy agﬁuqmwﬂﬁmaﬂdaw‘hszmsJLLammlﬁammaaa’liv‘mwuu@iawﬁmmz

ada

fAAuEvIdIUTNSTIME 15 WwURWAT R123 avm'15mammwmauwamavaﬂqmm 6.29
kW 1811u0a2¢dn15818 AN UL agn3N R123 ﬁmmmimammmaaumamamﬂqa
Uszanad 5.60 kW wari1aziinnsangmainlsoutagnInye@adasedaInIsaemainusaun

dngingAusEan 5.33 kW Llee1ngaiienvetansinauidar s lauanaeiuyinlviens



J ET R M U | Journal of Science Engineering and Technology Rajabhat Maha Sarakham University 91
L. 1 No. 2 May - August 2022

nMsENEmANNSoUTan1EINgATNILANANNAY wazdasvinusiniuAIANSo ULzl
wirdwhlnsinsanemauseuldvinduneslenuinaunesleiintuiesaziudisuniu

Sauannaruyinseweluanewmddinaiukiu

_. 50 q
E
; 40 - \
=<
5 30 o W
[
g 20
T -\-
g 10 B g —
o 0 T T 1
R123 ethanol water
#5vinvu
—e—Le=5cm —a—Le=10cm —aA—Le=15cm

AN 5 NSNLERIANLFUNUSTENINOATINTENENANNS BUTBIEN SV U8 luvioANy

SaunUANUYNIEININSEBTRMBAINUS DU

a&gﬂwauamauauuz

1. HATBIANNENEAIUYINTLMEABERIINNTONUNAMUSDUNTAIING VBIWIBAINUTDU
WUU OHP

ANUBNITIAINTLL) TUINAMUBNIVDIAIUYIIZINY NTHARDENTINITABINAII

'
1% =

Souiyatded 90 peAlngANeIveEIuTNTEIY 5 lwuRlunsaglRgnsInsaemaNSeu

q

WINAign S09aAe 10 Lufiwuns wazls wufiwns Mluguiingziarinnuenivesdiu
STt a8aYINle SEEENIITENINNEIUYINSEIekardIuAIURLUA T RranntY Wunali

feulefivihnihinanuiounnadiuviseme anunsawdeulugdmuniulilaede Weswn

1%

w53 FUANIULRYAIIIAANTNIINITANULNALS DULNNTU

o w

2. NAYBIDATINNTANUMAINNSDUN TNT1NA VBIVIBAINUSDULUY OHP ¥89d15%1191U
AOAINUYIFIUTINTELY VBIVIBAINUSOU NINAADTNINAFUTTOULVDIVIDANNSDY OHP

BNIUDAVLINTANLNANUSTBULDYNIN R123 FIADIUNAIINSDULIN kATUNDY

nsaemANNTeueenIaTsEeaNs e ngalienvesasvinuiiaieaiuansieiy



92 MINTIMEIENERS Ienssuenans wavmalulad wﬁmmﬁaiwﬁgwwmimuJ ET_ R M U |

Ui 1 aliufl 2 wuaaw - Aavnew 2565

vilinstemaufeuiiuanieiu uazdamhauisinfuseiufouudsaglaiwifurh
Tgnseemausauldviiu
AnAnssuUsENIA
ANzEITBYRTRUAMTBIUJURNINA awividnd Auginemansuazimalulad
UNINYIRYVAUMATAY ﬁLgaLﬁaamuﬁsluﬂﬁv‘iﬁ%’ﬂLLazﬁuaéuaUﬂmﬁaﬁ’%’aﬁamm%@u

a1 IvIENd Angdnenmans unnInendeumansany Ndeegunsallunisvinidy

LONEI5D1989

S qusiaY. (2553). saluladvioniusou. &N INIRENMmEITAIN NNINEIEY
URE1IATU.

Akachi, H., Polasek, F., & Stulc, P. (1996). Pulsating Heat Pipe. In Proceeding of the 5 th
International Heat Pipe Symposium (pp. 208-217). Australia.

Charoensawan, P., Terdtoon, P., Tantakom, P., Ingsuwan P., & Groll, M. (2000). Effect of
Inclination Angles, Filling Ratios and Total Lengths on Heat Transfer
Characteristic of a Closed-Loop Oscillating Heat Pipe. In Proceedings of the 6"
International Heat Pipe Symposium (pp. 422-430). Thailand.

Faghri, A., Chen, M.M., & Morgan, M. (1989). “Heat transfer in two phase closed
conventional and concentric annular thermosiphon. Jouranl of Heat Mass
Transfer, 111, 611-618.

Noie-Baghban, S.H., & Majideian, G.R. (2000). Waste Heat Recovery using Heat Pipe Heat
Exchanger for Heating for Hospital. Applied Themal Engineering, 20(14), 1271-
1282.

Pipatpaiboon, N., Rittidech, S., Sukna, P., & Suddee, T. (2004). Effect of Inclinations
Angles and Number of Check Valves on Heat Transfer Characteristics of a
Closed-Looped Oscillating Heat Pipe with Check Valves. In Proceeding of the
1" International Seminar on Heat Pipes and Heat Recovery Systems (pp. 83-

86). Malaysia.



