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Abstract This paper combines loop thermosiphon with server cooling to design and fabricate a circu-
lating cooling system for simulating liquid cooling in servers. HFE-7100 was used as the working fluid to
investigate the thermal startup issues of the servers under different heating powers and to explore the ef-
fects of varying liquid injection rates and the length of the adiabatic section in the vapor line (the height
difference between the enclosure and the condenser) on the heat transfer characteristics of the circula-

tion system. Additionally, the flow state within the vapor line during the experiment was analyzed. The
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research findings indicate that at low heating powers (90~ 120 W), the temperature of the simulated
server enclosure firstly increases, then decreases, and eventually stabilizes. In contrast, at high heating
powers (=150 W), the enclosure temperature initially rises quickly, then increases slowly, and finally
stabilizes. The phenomena observed during the thermal startup process can be divided into three stages:
Stage 1 (from subcooled to evaporation), Stage 2 (initial establishment of the circulation system), and
Stage 3 (full establishment of the system circulation). In Stage 3, the maximum temperature of the en-
closure gradually decreases with increasing heating power, while the time required for the system to
reach stable circulation increases with higher heating power. Furthermore, when the liquid injection rate
is increased from 65% to 85%, the system pressure differential (the pressure difference between the enclo-
sure and the liquid storage tank) increases by 34.7%, but the efficiency of the condenser is reduced, and
the outlet supercooling degree will be reduced by 47.4%. When the length of the adiabatic section of the

vapor line is increased from 40 cm to 80 cm, the system pressure differential increases by 26.6%, while
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the efficiency of the condenser improves, and the outlet supercooling degree is increased by 120.6%.
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Fundamentals of the experimental apparatus
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Table 1  Size of the experimental device
WA AFR NG
LI 140 mmx 120 mmx44.45 mm
TEWA 120 mmx120 mmx150 mm
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kRS 180 mmx 160 mmx60 mm

%k 2 HFE-7100 ¥1145%

Table 2 Physical properties of HFE-7100
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Table 3 Main performance parameters of the
experimental equipment
BEAIR e Rl R
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—— Server cabinet temperature 7'

—— Condenser inlet temperature 7,
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—— Condenser outlet temperature 75
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Fig. 2 Thermal starting characteristics of loop thermosiphon under different heating power

JATh Yy 150 W I 180 W I, 465 2 B BEA A AR 15
FEN 25 g2 T . H R e TR 1 BB,
90 W 1 120 W ATy 58T 6 44 P s 10 Jo) 00 7 g A
I, W T ZE PR BN HAS S 485 7 R Y A i A 5
8. MIAE 150 W Al 180 W B, AR FHAsf ] sk 2L
s RIZL, S A B B, 7= AR AR R
SRR E AR EERS, SEE RN T ] b, v e
A TR Ty PG B BT, TR R AR R
JEAk, RS RAGERR. TR RN TR Em >, 5
HAGIAE e TREE IER IR AR, 556
PRI R TR, AT A A N T I
TR S BT EL 2(c)(d) TRl AIE H, Bl
AT RGN, 55 2 BB i st (]t BEAH 1 .
e B TR T AT R 0 B A AR AR P TRk
SR [ A B RIS /L, AR AR N 7= A JE A8 28 VR A5 TR
TR T AR, R BEIG AV TRUE A AP AR
BT, RIS 2 BB A B4 st [ Bt B0 )y 5 (4 388 ot

PEHT. AT AR A3 i [m] i A PR 20 i vy AR
EFR 5T (%) o 1 i B b, 36 2 BBy ot
AN Bt TN AR 2 18 oo B SR B i gkl =
(R34 SAEAS 1 SRS 2 B B A A %) ek B+ R
TRE, B 2 BB i@ oI a] H B .
BINBE RAMEATELET. B 2B SH
3 BB X 4y IR EE AR E 1 R 22 S PP AR
WA BEEE T TR 25 100 s 2 P HSE 4 7E +0.1°C
s BIACAHHEA T2 3 BB 45 2 BrBEE SR E 5K
RGN B2 ST, (EAEER TR b, AR
Ty, REERIECURE Ty S R T3 52218 T,
PEIRAR T8 2 F8E ; 565 3 B BOJE R IR 8 2T,
PRI T BRI R E T, M iR E Ty &
ARFEAAE, RGBBNTA. WE 2(a)(d) s, Ik
M 90 W N F] 180 W, 55 2 [ Bl (& I BE
53°C B ZE 50°C, B T 5.7%; RAFF TR EIZTT
FIRFIA] A 1700 s 362 2800 s, 30N T 64.7%.



I & & A THRBAGRAE 0925 XA E%

T 5 AT W A R TR AT 2 1) 3 5 A BEL
K 3 . K 3 LA, TS HABEBE I R i
WIS INTT 5 AR BN, gk 90 W,
BB R 0.028 KW 2G4 ol Ky 270 Wi, #4
BHR 0.0037 K-W ', SEHFEAR T 86.8%. 24k
M 270 W HE fin ] 360 W AY & B2 ) 95 A BH A
0.0037 K-W ' H9 K% 0.004 KW ', K ERHPHIZ S T
8%. MNFATIZE I 90 W Z ik in %) 270 W g
Bl DRI, AR TR T S5 s R
JE Ty P22 90 A2 W0 i, DA 5 250 A B B
B R R R AT Rk 5] 270 W R, Bl D)%
(e — 4R i, VB AABH 2 Hh BG83 fin . SR i
PRILE T DR A B 0 2> (ARG A W i), 7= A 1 Kt
ARBE AT P TR IR e A R SR AL, SR
TR B R A RO IR e P R B o, PR AR R B
B 1 R B ZE MR GA H] 270 W 2 )5 Kt s ik
— AN, PR TRRF AR 17 MRS A, TR RGBS N
SEB L B, AP IF LR 551, R
BIAVERE T, FBOMEIABLIF i,
2.2 ERERRBEAERKEXNEER

i A TR 2 HI 200

S F2 B R T OR X IR 55 R A TR IR R
G B 5 REPE RS i A 95 0 A A B B TR PN R 22
(AP) LUt as LUl v B AT SR P 4 A BE
KB (H) Ry A E AT WA vh 28 K B S8 BEBL I
SHEKT B AT R A ) A P RE A I S R, 3 L9
2 B B BIECA 40, 50, 60 1 80 cm.

0.030

0.027
0.024
0.021
0.018 %
0.015 4

RI(K-WY

0.012 +
0.009 1 -
0.006 1
0.003

D
L

L2 ? Y >l
60 90 120 150 180 210 240 270 300 330 360
0/W

E 3 AFEDIZET R

Thermal resistance of gas path under

Fig. 3

different power

473

FEANRNE RS A A B K B, Ay Zexd
JEZ 02 AN 4 frs. & 4 LA gl B K A
[E] AT 120 W B3] 210 W Bad f s, AN
A R (65%, 75%, 85%) T MR 2278tk —%, M
1.7 kPa #4/i & 2.3 kPa; 4 h1# T KA 5] 210 W 2
S, P 26 18 S W 4 1 VR 3 T S i o e v
RN H 25 1 i B AR, HE 3R R TR A
U (>210 W) T 28 K i S = A= 3, R
I B8 B 22 58 A R a5 ) ] LA kS 380 - e 5 9
FH; 2SIl R 420 W I, 65% HEIRE T 1952
A 4.9 kPa, 75% W R T 1K 228 5.6 kPa, fi
85% TEMUR FHIIEZ N 6.6 kPa, [t 65% IR T
FEZERFT 34.7%.

PRIFERCRY R 85%, AR B (H =
40, 50, 60, 80 cm) X & 2= A9 52 M. i &l 4 A1, 7EAH
[EINFAT TR | i 25 bt 2 20 A B A %) 15 i 2 4 1
hn. ST ER M 120 WS I E] 180 W i}, 40, 50
60 cm 4 I B Y 22 SEAAH IR kTl = fin
F] 210 W B, 60 cm 8B k258 3 kPa, Bl KT
40 cm F1 50 cm 4B 2.6 kPa B K22 W 7E NI
RIKF] 240 W ZJ5, 4B 40 em F1 50 em HEZEA
2 BRS04 D). L B PR A B AT )
B, FEA DY BRI RSN, REGRRE NN, E4
B BRI, 28R B s il R A A RE A TR 27,
PRI e 22 25 Bl A 4 TABRC B2 A3 I T 2 3 . i
PINFIKF) 420 W I, 40 cm AR N 6.4 kPa,
1M 80 cm ZaEL ) 220 8.1 kPa, #8511 26.6%.

9
Hiem F/(%)
84 —=—50 65 =
50 75 A
74 450 85 U
v— 40 85 A v
61 —+—60 85 C X w e
<
£ ] 80 85 P . i
[ . 4
4 4 a 7 4 v & = &
<
¥ v
< A o
34 <7 ; '/g -
A= ! =
2 ‘ v
] T T T T T T T T T T T
90 120 150 180210240 270300 330360 390 420 450
0/W
P4 RN B B X e 5 1) S )
Fig. 4  Effect of injection rate and length of

adiabatic section on pressure



474

MTEWCFE R 85%, MBS EE SN 50 cm B, VA
PN L B I BT S A AR A N B 5 TR SRR R
85% H #0120 W B, ¥ H FHR AR i
Wi AT RN E] 180 W IF, ZEIE B EHE N, Wi
Y IF i B 7 kg SRR A 5 A B 3R 4k 22 3 n F)
300 W B, 0 24 55 7 o0 BAOIR 30 5 i A Ty SR 448 i )
360 W I, BARTR I N AT R BRI, (B2 AT LU
VR N R R R AT R R
420 W B, AT A PR (2 © 2 TF iR ) S50 R T e
A5 Hm s — 3. BEE AR, A6 m
(0 I R B TG N, 2R I LT KR e
HYHE N2> FBER IR S A Z R R 2238 K, RS
T 25 R 0 ) 25 T S0P o I I A R LA AR YR
% H 1 P8 3 R 2 A I T S8AE T B AT R ) 9%

120 W

ct’.;‘-'

M@.‘}‘cw;‘w& AL LISV

.
cepests 5o
? =y >

a1

180 W

.‘*’)"“ it ;- &~

Chin. J. Space Sci. =AFFFIR 2025, 45(2)

B 1 ZE VR .

TR R, A 4 B B N, 25 A
A . R E R T, 4B 5 i3 fin B K
RS RS =2 ) vy B 22 AR B I, A5 38 2 [ A
i L L] AN . B AT R B, e 2545
PRI 4 . L 3 S R A T BT 3 34 5 350
PR F= Az mE BN, YR OIS A AR AL AR s
TG B I AN, B0 2% B N AT R A
NIRRT S N
2.3 REsEH O ERN

TEARFIF RS L R BT, W EEas i 1
1V B RN R AL AN K] 6 PR . FEORIEZE P
KRR 50 cm B, BEE HEBCER OGN, B EEd
BRI TR, FLREE TR R At ¥4 B R AP i i

240 W

P

K5 85% HERI A RN AR VR N B TR L 8

Fig. 5

Change of flow pattern in steam path under different heating power at 85% injection rate



I & 5 A THRABIRIEAEZE KR T
40
354 m
2 e, e " 1 -
30 : . - -
A \
25 AN
@] [ ]
204 H/cm F/(%) A "
& —=-50 65 LN =
154 o— 50 75 @
A | |
—a—50 85
10 .
I
5_

0 T T T T T T T T T T T
90 120 150 180210240 270300 330360 390 420 450
0/W
6 ECERIAHER 1A R A R
Fig. 6  Effect of liquid injection rate on the liquid

subcooling at the condenser outlet

i A N L iR )11 P2 B X1 )| W= o 2 SR A
T EEEAIS. BIANLE AT EEN 120 W B, M
65% M #) 75%, ¥ B 36°C FEILE 33.4°C, [%
KT 7.2%; MERCRM 75% 3] 85% i, i
BRI 33.4°C BERE 32.4°C, IR T 3%. £k
R 420 W B, FECEM 65% HEINE] 75%, o ¥ B
M 13.7°C FEMRZE 7.8°C, BEAK T 43%; R M 75%
Koz 85% i FEH, iR B 7.8°C FRIKE 7.2°C, [
T 7.7%. SFRNA R SURZS I, 278K
AT AR A P e 3] B B S ) AR, AT
ARV BN ) 1 v FERE N, ¥ A RHOCR B
FEFCRARRIET, FBCAS R 4 BB BE XA B 2%
WA . R 7 R Bl L B K
B, Ve EEge i 0 AV S BN AT R
120 W i, Z 0B BE N 40 em 350 50 cm A, %
BERe O SH S B 30.7°C HE N & 31.9°C, B IE I A
B i 28 BB BE A 50 em HNF] 60 cm B, YA ESS
AR EE N 31.9°C N2 33.9°C; 4B K BE
60 cm HENF] 80 cm A, REERH I M 33.9C
Hahn 2 35.3°C; 4 #BHS BE M 40 em B4 %) 80 cm,
BEEgR S R T T 165%. R In Pl 2R 14
T, 2 BB A SRR TS A A S ) 14 1T 4
Jn AT ARy 420 W, 48 B BEN 40 cm B
BEas i D% R 6.3°C, 4B R 80 cm B
Bege b 0¥ B 13.9C, b 40 em B4R T T
120.6%. N4 B B, 2870 2 v IE KAy # e
HEAVREERS, T LA b [ I v BB 45 2F 1 1% BT i K

475
40
359 I r
| — ¥
30 s N
4 S x
251 NN {
| 2 %
& . &
— 204 H/cm F/ (%) “m W
= —=—40 85 2 v
151 *-50 85 NG AL
—A— 60 85 L A
101 v-80 85 :
1 3
5._.

O+—T— T 7T T T T T T T T T
90 120 150 180 210 240 270 300 330 360 390 420 450
0/W
7 e FBU X BRI v B R SR
Fig. 7 Effect of adiabatic section length on the liquid

subcooling at the condenser outlet

P m BEar th LV .

3 b

P IR IR R A 5 R IR 5 S R AR,
THT P TRUR S5 282 TR R 46, L) HFE-
7100 VERAEIA T T, AF5E TR RN 38T e B U
SRR, I T AR CR AL BB FE X% R 4

FEIRFRFERYRE R, EEE5ET .
(1) AR GERIA Shad B b AR R Aﬁﬁ%ﬂ’]%
X, EEIN 3B B 5 1B B, R EAER; W

2 BB, R R G 5 3 BB, ARG E 4
FEST. AR 90 W R E ] 180 W i, U 3
55 2 By BOR BEFEAIK 5.7%, FRE0IKBARE 1Y I [A) 4E K
T 64.7%. BN RNy 270 W, P B PBH B/),
49 0.0037 K-W .

(2) TELa B BE AR RIS, e 2 Bt 2 V0 VR (1) 1
I 2 438 0, RN 65% 14N E] 85% B, K2
PE 34.7%. AR WCR AR FIRT, e 22 i 5 40 PR B K
{18 8 o0 2% 34 10, 446 BB K B DA 40 em B i 3]
80 cm A, JEZEHEE 26.6%. AR R A 46 B K
£, AL PR AR R SRR

(3) AL B BE AR , o4 B 25 T TR Y
HEI I 2 BN, R 65% igﬂuiu 85% i, ¥
BEas G v B A 47.4%. 761 R I, 53
3£ it 25 4 AR B B (1R 388 0 TSR ST RE N, e AR BEC B A
40 cm HEHNE] 80 cm B, iR FEM 6.3°C BN 13.9°C,



476

BERG T 120.6%. FERTENEH RN 4 44 B K T )
SEITRRER N [, R HACR

SE Xk

(1]

2]

3]

(4]

5]

(6]

[7

(8]

9

(10]

[11]

[12]

(13]

DONG Xinwei, GENG Yongwei, HAO Liang. Energy con-
sumption analysis of indirect evaporative cooling air condi-
tioning for data centers in different climate zones[J]. Heat-
ing Ventilating & Air Conditioning, 2023, 53(8): 171-176
(FERTAE, TRk, M. AN TR S DX e P Il ez 8
s JHRFERE ST [J]. MEiEAS A, 2023, 53(8): 171-176)
GUO Feng, WANG Juan. Promoting the development and
application of liquid cooling technology in data center
through association standards development[J]. China
Standardization, 2020(8): 173-176 (383, F 45, i kbR
HEAE S AR S B b R B S i M PR [J].
FEFRiEAL, 2020(8): 173-176)

ZHANG Chengping, GUO Qin, JIA Xiaoqing, et al Re-
search progress of immersion coolant for data centers|J].
Fine Chemicals, 2022, 39(11): 2184-2195 (K-, 754, ¥
WET, 2. ol b0 FHR BV AR B DF S e 9], KE 4k
T, 2022, 39(11): 2184-2195)

CHENG W L, ZHANG W W, CHEN H, et al. Spray cool-
ing and flash evaporation cooling: the current develop-
ment and application[J]. Renewable and Sustainable En-
ergy Reviews, 2016, 55: 614-628

ZHU J Q, JIAO Y X, DONG H, et al. Research on the
flow and heat transfer characteristics of RP-3 and structur-
al optimization in parallel bending cooling channels[J]. Ap-
plied Thermal Engineering, 2024, 241: 122432

HAN Bingbing. Development status of liquid cooling tech-
nology in data center[J]. Intelligent Building, 2020(8): 73-76
(VKUK B OB B R B [J). & BERES, 2020(8):
73-76)

LUCCHESE R, VARAGNOLO D, JOHANSSON A. Contro-
lled direct liquid cooling of data servers[J]. IEEE Transactions
on Control Systems Technology, 2021, 29(6): 2325-2338
EL-GENK M S. Immersion cooling nucleate boiling of high
power computer chips[J]. Energy conversion and manage-
ment, 2012, 53(1): 205-218

WEN S, CHEN G, WU Q, et al. Simulation study on nan-
ofluid heat transfer in immersion liquid-cooled server[J].
Applied Sciences, 2023, 13(13): 7575

ZHOU G H, ZHOU J Z, HUAI X L, et al. A two-phase li-
quid immersion cooling strategy utilizing vapor chamber
heat spreader for data center servers[J]. Applied Thermal
Engineering, 2022, 210: 118289

ZHANG H N, SHAO S Q, XU H B, et al. Free cooling of
data centers: a review[J]. Renewable and sustainable en-
ergy reviews, 2014, 35: 171-182

DOBRIANSKY Y. Concepts of self-acting circulation loops
for downward heat transfer (reverse thermosiphons)[J]. En-
ergy conversion and management, 2011, 52(1): 414-425
YUE C, ZHANG Q, ZHAI Z Q, et al. CFD simulation on
the heat transfer and flow characteristics of a microchan-

nel separate heat pipe under different filling ratios[J]. Ap-

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

Chin. J. Space Sci. =AFFFIR 2025, 45(2)
plied Thermal Engineering, 2018, 139: 25-34

ZHANG H N, SHAO S Q, GAO Y P, et al. The effect of
heating power distribution on the startup time and over-
shoot of a loop thermosyphon with dual evaporators[J]. Ap-
plied Thermal Engineering, 2018, 132: 554-559

DING T, CAO H W, HE Z G, et al. Visualization experi-
ment on boiling heat transfer and flow characteristics in
separated heat pipe system[J]. Experimental Thermal and
Fluid Science, 2018, 91: 423-431

SAMBA A, LOUAHLIA-GUALOUS H, LE MASSON S, et
al. Two-phase thermosyphon loop for cooling outdoor tele-
communication equipments[J]. Applied Thermal FEngineer-
ing, 2013, 50(1): 1351-1360

ZHANG Hongxing, MIAO Jianyin, WANG Lu, et al
Ground test method and results of closed two-phase ther-
mosyphons for the moon exploration spacecraft Chang’E-
3[J]. Scientia Sinica (Technologica), 2014, 44(6): 589-596
(TRETAL, WEEED, ok, 45, B =5 T AH I 1A [l 0 b VT 1
BRI SO IR A AT (3], E R BB, 2014,
44(6): 589-596)

ZHAO Jianfu, LI Zhendong, MIAO Jianyin, et al. Numeric-
al simulation of heat transfer in closed two-phase natural
circulation system driven by partial gravity[J]. Manned
Spaceflight, 2015, 21(1): 64-68,94 (RAHAR, 2R 4K, BikE),
85, ROy E ST IR AT AR LA FARIEEA I 25 4% P bk e A (e
P [J]. ALK, 2015, 21(1): 64-68,94)

GUO Y D, WANG L, MIAO J Y, et al. Design and valida-
tion of closed two-phase thermosyphon loop in lunar grav-
ity environment during China lunar project CE-4[J]. Mi-
crogravity Science and Technology, 2022, 34(3): 38
EL-GENK M S, BOSTANCI H. Saturation boiling of HFE-
7100 from a copper surface, simulating a microelectronic
chip[J]. International Journal of Heat and Mass Transfer,
2003, 46(10): 1841-1854

MOFFAT R J. Describing the uncertainties in experiment-
al results[J]. Ezperimental thermal and fluid science, 1988,
1(1): 3-17

EE RN

T B 5, 200044, FEEIGEKR
A TS BORZ B -L T A, F2Ent
FEI7 1) i B AR AL A B
E-mail: wy314509@stu.xjtu.edu.cn

kg GBEIEE) ), 1986 4F4:,
HA, WA, ERYGFEANA, FEOR
J5 YA E BT R S AT
E-mail: zyh002@xjtu.edu.cn


https://doi.org/10.3969/j.issn.1674-5825.2015.01.012
https://doi.org/10.3969/j.issn.1674-5825.2015.01.012
https://doi.org/10.3969/j.issn.1674-5825.2015.01.012
mailto:wy314509@stu.xjtu.edu.cn
mailto:zyh002@xjtu.edu.cn

	0 引言
	1 实验设计与数据处理
	1.1 实验装置
	1.2 数据处理
	1.3 实验误差分析

	2 结果分析与讨论
	2.1 加热功率对服务器热启动的影响
	2.2 充液率及汽路绝热段长度对箱体及储液箱压差的影响
	2.3 冷凝器出口过冷度影响

	3 结论
	参考文献

