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The objective of this study was to investigate the performance of a single-pipe
thermosyphon (TS) using an environmentally friendly refrigerant as a working
fluid. TS is made of copper pipes with an outside diameter of 19.05 mm and
has an adiabatic length of 7.5L,. Five refrigerants, namely, R134a, R32, R404a,
R407C, and R410A, were tested as a working fluid with a filling ratio of 20% of
the TS volume. The experiments were conducted with TS oriented vertically
under either a constant temperature or constant heat flux condition. A con-
denser was cooled by cool water at a constant inlet temperature and mass
flow rate. The results showed that different refrigerants affected differently
the heat transfer performance of TS. In particular, the critical temperature of
the refrigerants was noted to affect the maximum temperature limit of the
heat transfer of TS. In addition, it was found that the total thermal resistance
of TS was 0.132, 0.135, 0.140, 0.145 and 0.146 K/W when R32, R404A, RA10A,
R407C, and R134a were used, respectively.
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a9edi 2 Thermodynamic Properties with temperature constant of refrigerants

Temp.
Operating, °C Saturated pressure, kPa
R134a R32 R404A R407C R410A
30 770.2 1927.5 1428.8 1359.9 1889.5
40 1016.6 2478.8 1829.8 1749.6 2426.0
50 1317.9 3141.2 2410.6 2216.4 3071.6
60 1681.8 3933.2 2885.1 2769.6 3842.6
70 2116.8 4876.8 3575.0 3419.3 ar7r1.3
80 2633.2 - 4174.4 -
90 3244.2 - . .
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ot dumsvhandumedluleweu

sUil 7 finsantaslvanaaseuiiinaviliigungdl
vhawmesszuuilnduazguivenmniingn daazsili
arsvhaumeluegluaniglonuaglimaingunnisyi
wihiidneloumudou 9nguagiiuldinansyhenudy
1 5 vinilflunisvanesasiigumaiiadeuszana 70°C
lolmananudouyszann 210w vidoUszann 35 kw/m’
gUnsaldidnnsednddeliannnsgruenmaiindsliiy
70°C Favinauslilumsnaasanmsszuigmnuieugunsal
iinnseiindve Sardarabadi uavaasz [26] lurauzidiediu
wuhasvhanudu R134a dansiliadesninlunsaielou
Anudaustweidasiuiinlnananudouasgfia 250 W
vide 42 kw/m? Wesnilgamniingmgeia 101°C Jad]
Iodrfalunsinelournudougeninansyharudurdiady
fvin1sveans



384

NITITeuaziaun 138 U9 42 adui 4 ganmu - Suneu 2562

AT 3 Physical Properties of refrigerants

Boiling Point Critical Temp, Critical Pressure,
Refrigerant
At Atm., °C °C kPa (abs)
R134a -26.06 101.08 4063.3
R32 -51.65 78.11 5782.0
R404A -46.45 72.07 3731.5
R407C -43.63 86.03 4630.0
R410A -51.44 71.36 4903.0
Filling ratio 0.2V
1201 Cdoling flow rate 300 g/rﬁin h ) h h ) - )

1S} ® R134a Burn - Out —

S0 | O R :

= v R404A

5 A R407C

g m R410A

g 80 e aeeeeaeaaeeeaeaeeeaeaaaeaaaas . ...................

s

E [ J

g 8

- 8

20 4 . 8
]
0 slo 160 15;0 2(I)0 2&0 300
Heat load, W

JUT 6 i nlusmesidelvanauiounsd

® Ri34a R32” ~
1201 o R32 / e

v R404A i P

o A& R407C P o /R/404A/
- Ve e
o m  R410A / R410/A/ v -
5 4 7 -7 n7R407C
©100 s P
E Ve A
o 7 < - //
1S 70 °c 7 Pt
[0} 7 s
- / i ots
= Pt e R134a |
k] oG o ——
T 80 - s CimemT T
o /S L= -
% Sl T
@ 2
L _———° Z
60 57
-
7
190 200 210 220 230 240 250 260
Heat load, W

JUN 7 Annsananuuandslugilvannnusou 200-250 W
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3.3 AMAIUATUNIUAUSDUTIU

dlefinsanmauiuniuaudousiu (2) ves
weslulsweuiinnassseasyhanudud 5 9dn Tnens
fumseaunsi (3) [4, 9, 10, 22] ﬁqgﬂﬁ 8 lnglnan
mufouiliunsmivsmesilsudundndanusousie
aunnsil (4) [22) e liderenisuszendldou anns
suuldAausunIuAILSeusIanadilonang
mm%auLﬁ'uﬁmuﬁﬂfﬂqﬂﬁmmzammﬂﬂ?ummmﬁmmu
Aufouanfugeiudaduaiilivnsuinsldou o
TfiupnuLANAN Y8 IEL S5 AU A SIS U
5 gia FaRsuAANNAUUANSoulugls Wand

0.40
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AFeuiiAy 16-33 kW/m? fegudl 9 aswiuldan
ansvhaadu R32 ﬁmmmﬁmmumm%@uﬁwqmEJ"N
Foudlondndrudeuwiiu 25 kw/m? uasifundnd
mufeufivmnzaurdedinarilimauiumumiuiou
ﬁwqmaamsﬁwmmﬁu R32, RA04A Lay RA10A Tunauy
fiasvhanudu R138a way RA0TC Hapaudiumiu
anufeumgalendndaneuiniy 33 kw/m? dmdu
Sasnsduildlunisneass §a [15] wutansvianuiy
ssdinfuasmnzautumeslulaweusesnsnsiiud
uanAeiu wag [11] wuhAmuiumuauousiign
Puegfushmmaiufinzaudeduiy

Filling ratio 0.2V o
Cooling flow rate 300 g/min ® Ri134a

0.35 O R32
= v R404A
4 A& R407C
8" 0.30 4 m  R410A v
c
S a
R
[%]
0 0.25 |
I
£
2 020 1
: : .
E 9)

0.15 - 8 "

5 8
0.10 T T T T T T T
5 10 15 20 25 30 35 40 45
Heat flux, kW/m?
UM 8 Aanusnunuaufousinveaneilulaney

0.160

0.155 1~

0.150 1~

0.145 -

0.140 -

Total thermal resistance, K/IW

0.135 -

Consider at 16 to 33 kW/m? of heat flux

0.130 T T T T
14 16 18 20 22

24 26 28 30 32 34 36

Heat flux, kW/m?

JUN 9 finsananuuansdlugsidndaiudeu 16-33 kw/m’
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AT
/ =— 3
Qin ©)
Qin
== 4
q S5 (4)

Tnef Z AerAnudumunnudousiy (KW), AT
AenarsvesguvgiidNluisnesivreuauees (K), Q,
Aolnanaugoudliusnamsnlumnes (kw), q Ao
wdndanufeuvesdnluisiaes (\W/m?) uaz s, fofiui

A998 Usmas (m?)

3.4 A15ATILRAIANN LU UVBINANIS
AR
AUl LU U UTRINI I TINBSA1NN1TNAA D4
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aunsamuIumbalagaunsn (5) [22] wavvausld
Tumis197 4 1 0uaullLyueUYIAIAUAIUNIY
AUSBUSI (2)

R 2 2 2 0.5
uR) ):{(u(x')J +(—u(x2)j +...+[u(x”)J} (5)
R X X, X,
1ag R Ao A1IFBINISAIUINAINNTINAGEY, u(R) AD
AAU L ueURINISIAWeS R, X way 1 Ao fwUs

Mduileddures R, u(x,n) Ao Amenuliudusuves
o A o
sranUsmluianduyes R

mi'lxi'ﬁ 4 The uncertainties of the total thermal resistance

Heat flux (kW/m) Uncertainty (%)
8.35 +5.83
16.71 +1.87
25.07 +0.76
33.43 +0.32
41.79 +0.12

4. @3UNanITNAADY
MsmaeslonadpUaLITAUL TR SANSYINA ML
Juiinsuaanadeudlevntidumsiailugunsal
uanwasuaueunuumeslaluausiavietieiuszney
Mwa1sviiAulu R134a, R32, RA04A, RAOTC uaz
RA10A anuanIsnaaesnuautiniunesiulauiind
FauseduBush gumglidufuazqaifentiusafuussennie
Dusuuswdnseaussouslunisaiglouanuiounesans
AUy [4, 11, 15] é’alfdumiﬁmuﬁﬁqﬂLﬁaﬂﬁmﬁu
usstmahniesinailveamgillumsvhauvessuy
snddlenidndanudouindu uaznudningamgiings
vasshauzluladiiaveseamglaaniumsdialou
AMNSEUTRIETTNANUEY WaTAINNITNABRINIEENT

MSAL 0.2V, wuhAIRUEUNIUANSaUTINYDdlY
woslulwieudnsy R32, RA04A waz RA10A Tervhan
Windu 0.132, 0.135 wag 0.140 menandminusauiinu
25 kW/m2 vauefi R134a way RA07C ﬁﬁw‘i’wqmwﬁﬁ’u
0.146 way 0.145 meangmusauiiu 33 kW/m?
Fegeninanddy [22] Mdansvhen R-13da Taeiivag
welfeLufine 7.0L, Faduviefiamsausuldseld
umnzaufundndanusoushiu 23.7 kw/m? feiduey
fugusrednuaizuazvuinvesmesluleveudidlunis
maaﬁmﬁu’agﬂLL‘UUMﬂWiﬁzUWEJmm%’auiua'auﬁuaa
ABULAULLDS
dmdunsivesoseansenisinanisnaaesily
Uﬁzqﬂmﬂ%’muﬁu annsafizdenarsyhanudusiale
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