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The Experimental Study on the Performance of Two-Phase Loop
Thermosyphone System for Electronic Equipment Cooling
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Abstract

Cooling the electronic equipment is one of the major focal points of the design process and the key to
successful product launch. The two-phase loop thermosyphone which is a good candidate among many
available options was investigated for cooling of the high power amplifiers. The system is composed of
evaporator which contains 6 parallel cold plates, fan cooled condenser, gas-liquid separator, and
interconnecting tubes. Experiments were performed for several refrigerant charging values, hs and as a
experiment result, the optimum charging value for this system was proposed. In order to optimize the system
design, the operating cycle pressure and inlet/outlet temperatures of evaporator and condenser are measured
and analyzed. The effect of the three parameters such as flow rate and temperature of condenser cooling air,
and thermal load on the evaporator are investigated. The lower the operating pressure and the cycle
temperatures are also better to prevent the leakage of the system. The system invesigated in this paper can be
directly used for cooling of a real unmanned wireless communication station.
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Fig. 1 Schematic of the experimental apparatus
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Table 1 Experimental conditions

oy Wzt37| w3l | 247
= o =
Sl BT T e ol

a’/Min T

300,
240,
180,
120,
60,
0,
-70,
-130,
dol -170,
E-2ak-3 -240, 34 50 3.4 1020
[ ] -470,
-490,
-520,
-580,
-620,
-650,

-740,
~770

34, 30,
240 28, 25,
w2 20

»’/nin 34, 30,

1
5. 610

240 35, 42,

Mo Mok

T 25, 35,
-650 42, 50,

240 0.5
3t 1.2

238 A Aojg,

48 Azd"o ot HAE 2t
24713 Bt Alade R g AT
7Z12g #eslgdon 10° tor AEQ
FelolA Julg FAsPd. B FHP
Wzl w2 Izt HFe Hsr] st 49
Zz39 Hd YnFs FA3a, of 49 =g}
Yol g FE31q HAFgzAg WA, B
Aol Azdo] HAD FHdAA §F7]
Ao Jo AFEH EFol( h, )E FAHEY
Yol FAFE BASAD. A" AHA
Aejo A Sd7)E gt A W AP,
FAA FWriz 2E dAdurp FOEE
%718 FtEZ HF Y F dE =
Za7) shan $%7] a9y Eeol A7t 1020
mm7} HE FolR YASFA {FAT A
AFEA Fol(h)E HHA.

FAFd W $F7] Fol W3z AL
$%7) stvat 3Ry senNe xolAE

N

].ol-

o fu o
§ oo X K

AR EL

610~1020 mm 73] WA AL, $F7] 3tk
27 A wolArt 1020 mm
AfAA M A3 AFE dol )
FAg o ¥z fmxm AP B =Fd44A
$%7 ddn 7 SddnA9  FoiAs}t
1020 mm {1 59 Azt A9k, Ho Hol8
1020 mm 2 T olf= ¥ AAEg 54
Ao FHdol gtz BA zolg uT H
$%7] sten 397 staztAle Azt Hdl
1020 mm ©}7] ®#&olgk. ey HAH Pn|
A% M §%7] Eol7} 610 ~ 1020 mm
Fo] WA R R AW &= F
aolzb 1.7 €9 AL g dd . zge=E
227 Eolx 610mm 7} BAY Seste Bz
FNHEF 2 FY °x, 9%3 Fo w3
Addle %7 a3y 27 ddrA Y
EolE 610mm 2 3 ASE LIPFq.
Z71d F4EE 97 719 w99
F& ZF#ozH wIAzI=d, g
& ¥5 AA FIAE /%L FH A
A FAY FP dIHE @ FHAFE
o 5% Yo FAZFe] o

Brrat7] st Wdv] FHTFol hy = 240mme}
-650mm¢! ¥ J}R| Ao disle 2EL 3
gt olu, &9 R3E Y AF7 $57)
sttt ¢ag ouigd, =3, ZE Age
g2 -FggAdiy  FyPFgozn  FF7]
fdHE 37 39 2xe 528 =3
8tgict.

FFol Oy A"l siIviAE Pz
71 &= W3 d¥n Fdr) g8 ds
Aoz AuiFHFY 4FE AN Fot
871 sk, P9 FAFol h =240mm <
650mm¢l F 7IA AL dEld HAFE S
a3},

B dFdAa £33 A4¥dzxAL
Table 191 A A 3%t}

et

3. A

net

dut 3 9|

3idol Sxel d

ol FAFol Azgel WAl wAE
deg Astel7] $18t0] Table 10] AN vio}
2ol 19579 A% sl AYsAT, =
37 #vd 3w suAd EolAst
1020 mm o AFolA g FEste] o 29
A% AE e



A B2ke 9% 24 £BY ARAOIE Axde) Aol @ 49Q AT 419

30f
< 28f .
B} .

A

p 26

3 -

2 ,

54k
f pkRTSRTE L

s F
2 22F ..

F P 0e®® o0 L
2_0E-n-l--x-I-Luluul;nuluulnulnnlnnl.u|Innl.|||lun
800 600 -400 -200  © 200 400
Refrigerant charging height h, (mm)
Fig. 3 Variations of working pressure as a function
of a refrigerant charging height

ol FAFol wom Axg elA A4
Jolsh AAsE 237 FAkska, olel wel
714 Azt AAE ¢ de FIe dadd
HEAPo)ES WYz FHRA Yul
FTLHER SFIAMY FFFL st

ofolAnz, AR Aol  Fu|d
vty 1 dg £4% wEe A}

kst
=%

Faw

To}]

4z o
to &

2 rhu

[0 2 omy 2 f
o
L

ol o ok Bt

T O
- =

¢

o oo TP Y

PL oot of B L
off 12 2 O o

1

(U A SR e
o o

ofp o Sk @z Sk Ay o B
e

b A
N

o]
i 7}
o7}
ok

b4

0,
G

Rug

of 714 ez Walol @k Fataeol
oW Axge AEgAL olg ol

14 el F 714zt AR s
kel tie ARY Ao},

Fede wael wa Lxst Wy
dee  BAY
Aol A&
ol
Jolel 718 Aol

o|N
123
o2
k1
i
>,

>
I
o %
o
2
2
L)
rio
>,

52

|o

2
)

N

o> O Jfy ol

>
[>
ol
=
2

®
o

>
ofy
ek
Y

[
°

o B

ol offt
o rl

g
el
2
E=)
]
>
I
o2
L

Fig. 3o EAsgon, g4
7hste 2t
B AT AEY S5V
FE o) 49 h 7} 0 mmo]HE
dabe A9 Q. 3FIE ol
vhe 2ol 42 2029 W7 §mmel 3
TAEY. Wl Y7t &%)

¢ A% 9¢ I9E sorle w
z

s

[¢]

=

=2
=
0 gl 5 dEel gRdo) W)

o) sl oF 40 Zs] wWRolch o

ofe} Zo] §E7|9 ARE AR 3 2
Higtttd Haniglsl AN FAedd e
2. a4y Jdrel 2497 0 mm Boh

PAstee 1 837 498 Aol

o
e I 02
3 6af B
Sk SR
% sef :n R2%e
L & 22 Se8
=k YL 33 288
o s2F
51 °°
E T b T'I
2 - o T,
g 4o} N 1
@
[ l 4 T
4oL N TRETI PUREY FENES FEETE FUTIN e | ) I . | 1 1
800 600 400 200 O 200 400

Refrigerant charging height h, (mm)

Fig. 4 Variations of working fluid temperatures
at inlet/outlet of evaporator and conden-
ser as a function of a refrigerant charg-
ing height

Zow 7|4 dule sHERI wEE ©A
dAAge A @AY=z gHEWFT
Ta3tAl gk, Alade EetEoe] Heowd
Fuh 9 2 AW3 2% dolromg AAH

dzbdsol gREY. &, sbsetd o)
FdEe AHA go=H 4 e
HEAHE FANAE Aol s 2

o] V7 How F7|oA dry-out
ste g HHsglst °asio).

ZA5dde wsldAdE dry-outd #HQUE £
UAT Yolo] 2xwsE Fao og AT
T Utk Z SAF dEo FEr 9 FE7)
4-EFolA Y2=E =AHste Fig. 40l
ZAER. A2 FEetEe]  ZAagel
uzt A5 #Z2gE B 4 U, @
HN7t -740 mm ©]HAl A= dry-outol] 2 &
Fd7] 7MY 2=t 23] AsHL B
£ Jok, @ol 497 0 mm ~ 180 mm &1 44,
5" A Pt A3 FFH7)0 BESIY
FE Ak,

a2, S g4FEg $EF7] &7
2=7F < GA YERdTd. 29 0 mm
ool ME T §F7] d-EF Aloly
2=a7t etk &, Wole] mda ayol
UEpARE olgjst ke Faske] Zasty
Aat AtetAlz AQaF7F -620 mm ~ -690 mm
Abolol M= 2=akrt AY gl & HAY
4F ZdU9es ¢ g Aok AFT uper gol
o] olgliME FErY Yo EFFLLe
UFLE  Atolal FZAZY 2x37F vy
ol Bl dry-out olEd ¢ g},



420 AL I
300E 800
o €
I . 1 E
ook 13T 7.1 U O Y ©
£°250F $-g-f-2-qa00 £
.k illin iiiiii,-i': <5

o - [] 9
2 L] 9 s
I . w E )
'5200: I a.l 0 £
5 | fl- L £
£ F . =
s L =
5150: . . h, 4005
.? E . . h, §
® a ° s
x oo &
yERTY FSUTY PENTY ENREY FRURY ANwS1 N 1 Localis nluulunln“:
100500 500 400 $o0

200 0 200 400
Refrigerant charging hight h, (mm)

Fig. 5 Variations of liquid refrigerant heights in
evaporator and condenser as a function of a
refrigerant charging height

Yo AP Wl wE  $F7)9
F27id4  2AF  Wdd A9E  Fig. 5
EAsAT. A28 AF F oFErid 3
AAZE wlg AA AFstd Az &
FR0 ozgol UAH. EF, Z F27d
it A9 Aolrt Atk =;AE Z
Aol Hog 2 Hx FTE
BN, Aolzk AsAw 679 Fure
B A7t dAEA KA ol FLrd
FREE ¥ @4sE Fwske Wi
F= A9 EAF7] "WEoltk. A2y AF
Az st ool Aol7p d& Zolut
3 wE A F27) A999 dg
AL 7Ryl oo, aeu dul SRl
690 mm °]&d F§, FE7 At @A
#FAs,  dry-outd] FAZ B £ .
5718 AF Aul A99= FAFA Fad
w2}t 4o ¢ F dd @ FAF) -170

ok o

mm FENH $F7] AY47t A9 0 mm7t A

%, o mg A& et FhE AL,
371004 A4 Qule) A ok,

32 3%7] Yzt 37| /R HI

$E719] FAEAHd wE A" HFE
A3l7] st JTEFrIe RFY LEEE
T /M AEE Y38t B ddMEs
F7id 35 Y744 Fr)9 FF wE
AT it} =&t

BzZ+E7l w3 ¥wgd wE Azge
Sotd W3lE Fig 6ol EAET. Juie

]

1> oo o Hr

£

TTTYTTTT

w
=]
3

g
[

. h,= 240 mm
o h,=-650 mm

-
o

Operating pressure p (bar)

S SNPUN NRN RO RN SN R S
0‘018 24 30 36

Air flow rate F_ (m® /min)

Fig. 6 Variations of working pressure as a function of
an cooling air flow rate to the condenser

-
b=
o

eI
N E a

'__u -- e : : : . :

’_S 60 - g e & .

'_% e - - . .

o S s

] 40 3

2 SR h= 240 -650mm

g e o T,

8. 20:._. ......... P I T“‘

E F a a T,

= 2 ¢ T,
ok IS UU DI | L L1 1
18 24 30 36

Air flow rate F, (m® /min)

Fig. 7 Variations of working fluid temperatures
at inlet/outlet of evaporator and condenser
as a function of an air flow rate blowing
to the condenser

FHFE HFYFHAd ASA h, = 240 mme}
22 =
170 (<)

Wztgr1e #Fol F7ste §%719 AHso
FdEHE FEetEol oo, #FF
wod A2 Yl =7 wWo
Bzt s ol S Zolth. Boh g
o) E A5 4.1H0]A o|n] A&t upe} o)
AFdgol dsstn YAEHE vwich,
FFA dg AF
A+ d 3A
$&5719 WRaH o wigstA g
3ztg7]  FF 2 F¢%
R-E2F 2EE Fig. 71 EAEATH. &F
AN dEHE vt o] FFol ITFF A

o]

_

EQ oL

=
(<)

=)
=

p=R

fu

e
d
O}
2
&
L
a4
o
fl



AR WL A9 24 £8Y HRAIE Azd0 Aol U YA A7 421

300

T
[}

1
[2]
=3
l=1

240

N
&
o
W EaERauaRE
» B
D ogrreHim
oo ®
1 1

e
1

© 1120

N

M

(=]

I

—0
——6—+— e &

Refrigerant hightin evp. h, (mm)
Refrigerant hight in cond. h_(mm)

180 | h;= 240 -650 mm .. - =
. o h,
3 = o b 1°
Hof o S 5 [T
- . . - B . J-120
. 1 { 1. /I S |
10018 24 30 36

Airflow rate F, {m* /min)

Fig. 8 Variations of liquid refrigerant heights in
evaporator and condenser as a function of an
air flow rate blowing to the condenser

257 gold e &A™ F Q.

HAY FAY HY, &7 4-EFAY
2537 Ao, =g, FEy] gyoiA g
257t $%7] EFAMY 2xmTE Y
Z3dd9g. a8y HIdFA AdE 2xavt
e AAM AL 20T ol Ho. o=

Z7]0 A Bd@uje] pFaHo] W Ao,
Z, HYFA Aole Aztd Pyt 3E719
dugr) dRANA  HHe, JFF7]| FEF
257} Yol

Fig. 70| Jelt wiel Zo] f-3ol 30 m/ming
AL FA" $F7] ¢"ol 31 bar °|EE
¥32=7F oF 69 C ojtt. Bz Yvg
FJPr= ok 19 C AR L 4= 5+ Y}
7] dFeld =7t $F7) &30 ulEo
dedts AL ZjAge oA g mdo
N gzt $E71A wiEEE Hde A
Yool EEHY) wjEe Aoz wdA,

[N ofo

TR $57104 A% F Ao ANS

Fig. 8 =Alsgich 3@s0e A9, el

a7 9 A9ds BEHn eAuNs
#7189

67He] Fu/1t N2 ABH ol Yot A2

AEA E3AA wBPol EAS:L, £,

A99) WEo] AaH HHF A Wl
A

e ;Ee oyth H3. d FAFol
AerZ oldg Aol HE s oy,
i AR vlFol e waht w7l
Aglol X o) 2 Bee B 4+ Ach,
g571e] A9 Ao AR fH A

5.0
- 40F . h,= 240 mm .
é o [ h,=-650 mm
o 3 .
@ 30 [}
3 -
]
T .
2 20F °
g2 ' °
£ °
2 10k o
o L . ] ol o H i
0'020 30 40 50 80

Air temperature T, (°C)

Fig. 9 Variations of working pressure as a function of
an air temperature blowing to the condenser

100
G -
19
80 [
D—S .
% - 2
l—? 1 . 8
S 60F X . .
Y . . @
= Fe 8 ¢
g 40F 8 ¢
35 L 8 ¢ h= 240 -650 mm
2
jiud 3 . . o T,
2 20F - o T,
E, g A T,
r . o T,
o 1 | L 1 L L 1
20 30 40 50 60

Air temperature T, (°C)

Fig. 10 Variations of working fluid temperatures at
inlet/outlet of evaporator and condenser as a
function of an air temperature blowing to the

condenser

33 2571 92 37 7Y 2% Hat

e Edscod Fe= Lk Xl
AEddoe] vjAs JFE Fig. 99 = A
frgol digk A olriRE Pufe
TAFE FYFAY B9Y h, =240 mm®
A FHA -650 T 27k A f-of 3l
83k Wzkg el 22wzl tfsto
ZEekgol  Ae Agdozg Frtg
=719 WAEMo TUFE 2E 4R
wolzitk,  WzFvle]l HdE7F AlAEY
A ddel v gao] ol$ A 60 TollA
25 CTE sopAyl 2tgtAE o 2 bar AL
Az Az®lo Az Al RE”bE )
F7tsld Alz'loia] e $esh dov
538, Wztivle Lxrt &8 A9 F-4e



422 72N - 2
300 .
: 1360 =
E f : , S
Esofg . {7
=F ¢ i ] 3 3 =
E T 1240 ",
§ k.0 ;B -
B 220 ke ? g
£ E E o
£ 1205
:g1so: ___________ h,= 240 -650 mm g
® 3 . o h
€ F . z
E e h, -
] E a o o
guo . q é
“ 3 31202
bt b e e Ly 3
100 % m 2 &

Air temperature T, (°C)

Fig. 11 Variations of liquid refrigerant heights in
evaporator and condenser as a function of an
air temperature blowing to the condenser
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Fig. 12 Variations of working pressure as a func-
tion of an thermal load on the evaporator
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Fig. 13 Variations of working fluid temperatures at
inlet/outlet of evaporator and condenser as a
function of an thermal load on the evaporator
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Variations of liquid refrigerant heights in
evaporator and condenser as a function of
an thermal load on the evaporator
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