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Effect of Vacuum on the Start-up Performance of Loop Heat Pipe
Enhanced by Pressure Head of Evaporation
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Abstract The influence of the pressure head of evaporation on the operation of a loop heat pipe (LHP) is important to the performance
of LHP. A new structure is designed in this paper, the wick was separated from the heating surface; consequently, a steam chamber was
formed. Simultaneously, the heat and mass transfer in the evaporator were separated. Consequently, the driving force ( especially the pres-
sure head of evaporation) was enhanced. Heat leakage was decreased as much as possible due to the low thermal conductivity of the wick.
Experiments were conducted to investigate the effect of different partial vacuums (95.3-101.1 kPa) on the start-up performance for the
new LHP. This new design was able to operate at different partial vacuums; the operating temperature, start-up time, and thermal resist-
ance decreased with increased partial vacuum. Simultaneously, this LHP showed a lower thermal resistance (0. 14 C/W) compared with
that of LHP driven by capillary forces.

Keywords loop heat pipe; pressure head of evaporation; vacuum degree; operating temperature ; thermal resistance

B AT A B R R BRI VAR (LHP loop 1 BF5E NCG X LHP 2 32 17 1 52 ), 52 56 3% B
heat pipe ) E KR WA AR E 4 2 HF T NCC MFEEXT LHP i1 R K, {0 NCG 234
SRR IV AT R Pl 2 R AR R S R A TAEIRE  Ishikawa %51 8 33 S2 6 AT
B AR B AN IR S TGS R BME s RE B PR T AR FEEE N NCG X B ME BT
AP T B 2R A A 2% & i 5 08 B 4 A 43 M 5 SR & B R T AMEZE 2= NCG 14 e dit i 17 TAEIR

B BRI RSB RIE AR R B, Y AR BN, NCG Y 52 e BT B I, Singh
ER7 WS FEUVRIR T NCG MIAFAE, i 28 & X P 1Y 7 4%
AR, [ N A7 X PR S EAN [F] T 00 T 1) 15, LHP & 2l B ) B g 344 R B, 02 B ) s IR A
BATRFESEAT TR B ) AR RE RS — @ BRI T REE TN 2L, Wi, 52
PSR (NCG , non-condensable gas ) FIAFTE , ELIERZ IR 2EHON T AT S IV s AT R R B
ARG ATRIRORT ) He % il i # NCG i A LHP BLLR B 7 25 B ol R e RV T B O A py as A5

AT . BEFBRRBIFERA4A (51376137) YWBIW H . (This project was Wik H #.2019-05-06; & [9] H 11 :2019-08-06
supported by National Natural Science Foundation of China ( No.
51376137).)

— 147 —



F41%E F3H
2020 £ 6 H

LR

Journal of Refrigeration

Vol. 41,No. 3
June, 2020

Wang 252 %F T O 7Y P8 25 daf R0 322 %% B 10 7 X
IR BE A (I TR | S50 v KR 2 B 1 LS T il
£ 2.6x107*Pa, 0 BRI H W EE AT E 1.7x107°
Pa, 45 J 3 W 5422 28t 110 3% 56 AVAE T 3R B Ao o 20
~240 W [B]F25E 84T, 15 O I % B A P B R
faf AT 140 W, R R 482 5% B LA S A (08 17 e
Iei) B, T 45 81 O 5 1) EL 25 . Zhou 45UUKE ELZS R
£ 200 Pa I-LALBEAE R TR IR B IS (138 1T 4
PR, RIS P AT ZE BT o 100 W) 0L T AR
SEIBAT, I HIE K ARREIR AL 90 °C, Guo 45 iff
5 TBEAHE 13107 Pa W HMRIEFREE AV 10 )5 30
Btk R IR B T AR 30 ~40 K 52 PR i R L 1%
M Zeng S IHHRIAE HIASME D R R BB
TEFCIE TR HTK B 25 i 2 7 Pa, 256 3 W 3R B
FERA TR 30~ 150 W B il R E 1817,

R SR A i R R AR E R B S R
HEAT (B R B LA B A 1 Ik sh 1y, R
A XS 58 A Sk 1 30 B S AR AN TR L2 R
(4 B R AT A 9T, 48 78 BL2S B X I AT Y 52 ) B
B, IR s 4T TOURIES % ARG
TP SEAN ) B4 B 6 28 AR R Sk 1) B I B0 1) 5
Wi, SR FHIZ AT e 20 B (8] R0 B BE A Shy s 24 780 25 fi
PERITEI RIS IR T2 SAE AN BEE SR A R B AR

BT

1.1 RESHEELHRBEAE RS

ARSCEET T # 1 (a) s 58 H M He Sk 0 30 B
PAEFREAS . T AR R A4 ) SR 3l 0 I B A 7R
Ko FEARIZE Kt (B 1(h) ) FRIEATE B 2% A s (]
1(c)) o TEBLHN IR B 2 B& PAE | 28 & A it
IR | TAE B A A 25 R 7 AR I SR e 251
FE A HE SR, T E AR EE85% rh 2 BE R A TT:
COMAAAE B Lt 2 A rh o8 IR PR BR . B AE
FIIR B E B T R D B SRR AR
i I 2 R TE AR , (A5 AR AL 1 B AMEIE N, 3
FALPAL BN BEARXS 2385 5 th T B4l ) 2 e — 3K 5l
T, KRB T IR B RO L e B . A FT ,
TR S 77 HE AR R Sk A I I A O B 2
WS SN T 9K B 1 R I 2K R AR L, 28
HE SR Sk B PR A 28 R A N WS 5 AV Al
T3S 2 I IR AR s ] (2R ), At e AT T
JARAE HOR A2 R TG RS R L . BT
ZE RN RIAEAE WU TE 25 & e N AT LA 21 HREWCRH
SBIVER, AL I AL AR 3 8 T B T 7R 78 &
— 148 —

¥ A AR B — AR 7 LR AR R Bl ) A ARBH BR AR
I EEE RIS RTINS 1 R

I
BRE B Z
oz
RIS &

e

AR B4

(a) RS E LB B R RS
(a) Evaporator of the loop heat pipe enhancedby
pressurehead of evaporation

A

A R
MR BT

AN
5T B A

(b) “FARBY B ST A BE E AR K AR
(b) Flat evaporatorof the loop heat
pipe driven by capillary force

() FAETY A0 JI 3R BR AV 2R R A%
(c) Cylindrical evaporator of the loop heat
pipe driven by capillary force
B 1 =MAERERERLR
Fig.1 Three different designs of loop heat pipe evaporators
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Fig.2 The experimental system of loop heat pipe

enhanced by pressure head of evaporation
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Fig.3 Start-up characteristics of loop heat pipe enhanced

by pressure head of evaporation
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(a) Operating temperature and start-up time of loop
heat pipe with different vacuum degrees
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Fig.4 Influence of different vacuum degrees on operating

temperature and start-up time of loop heat pipe

040
036}
= 0.32}
2
S 028}
= 0.24}
® 020}
0.16}
ol
9% 97 98 99 100 101 102
HZEFE/kPa
E 5 AEEZEXNIREAE RN

Fig.5 Influence of different vacuum degrees on thermal
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