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Experimental study on heat transfer capability of Ti64ELI capillary wick
in loop heat pipe
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Abstract: In the loop heat pipe (LHP), the structure of the evaporation section is the most complex, and the capillary
wick is a part that directly affects its working performance, so it has a great research value. To simulate the real
operation of the capillary wick in LHP, an experimental device was designed to measure the surface temperature
during the operation at room temperature. The heat transfer capacity of the capillary wick in the evaporative section
of LHP was studied independently. The experimental study consisted of measuring the effective thermal conductivity
using ethanol and water as working fluid at different heating power. It was found that the effective thermal
conductivity of the ethanol-containing capillary wick is higher than that of the water-containing capillary wick at
low heating power, while the results were reversed at high heating power. The conclusion of this experiment has a
certain reference value for the evaluation of the heat transfer performance of the capillary wick, and it can also

provide some experimental data for the simulation of the LHP evaporator.
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Fig.8 Evaporation of the working fluid in capillary wick

(ethanol as working fluid)

300
asol  ——point 1 1838 W]
- — point 2
point 3 141 W,
2001 —point 4
——point 5
——point 6
o 150 ——point 7 /-—-
=
100
T
50 sl
-—‘-‘_‘
|

1 1 1 1 1
0 2000 4000 6000 8000 10000 12000

t/s
(a) cthanol as working fluid
300
21.07W
250+ — point 1
— point 2
—— point 3
200-  ——point4 1193 W
—— point 5
N —— point 6
& 150 ——point 7
= P
100
50

0 2000 4000 6000 8000 10000 12000 14000 16000
/s
(b) water as working Nuid

B9 AN ThZE R B4R A R 4 A i 2
Fig.9 Temperature distribution curve of capillary temperature

measurement point under different heating power

W R, AT DUE S 1R EER WIS, il R
W2 18.38 W, WA 1 Fadh, k3B HaBH R
EIR.

R S 536 v RTTE IR N LB R DAR G
TG B, BEEMAIZE ¢ N, B4
FMERE ETE, w7 DA B 52 3] 2B B R
78K, BR FH CEEE 9 T8 n] DR I il 5E 6
YIOTE TARIRE T 1A 2 5% xR 10(2) E41

300

250

200+

*oevaeqron

X/cm
(a) ethanol as working fluid

300
250
200 |-

@)
EISO-

*ovaAaedhron

100 |-

50F

X/cm
(b) water as working fluid

K10 AR B BAR AR A
Fig.10 Temperature distribution of capillary wick under
different heating power

O F 0 AP B 20 AT SR i ek B AT th e 5
AR RUF, AlanBgniEs bR KB E R
Dol

Bl 9(b)K FH/KAE A TIEAT SR8 . TEA RN #A
B5) e S W 1 P -7 e 1 - ]
10(b)FT7R, X2 TS 1 A B R m, Bl
A HAKSHER A SR AT, S8 AR W .-
R, RSV SO SR, TEIRKA 28,
ORI AL 1 E AT IR, S E S 25 o ik
o BRILZ AN, 1E 6.97 W IR DL _E 28Rl R AR w42
I (RSN T ZEAR R, SRR TRz K, R
TURBERRG N, R T g T U A R
ARAFRERK, SERDFETHIRERESHF—
AN 2 5

MR A Q2) THE AN [F] D 26 B 408 B A R
SRR 11, TR CBERE, InF Tz M 1.85
W I INE] 11.86 W, JEVEBAC 1P H Rk G %
B KEE, 2R BACH TP TR TR,
BEA INAThEE g BI3EIN,  TBAHCs 2% T SR S T



e 1396 * th T ¥ 869 %
TR, HIETESEMENA ISR TE T2 E
12-
I PINTOR SR e S
10k L] ethallnol
* waler ~
_ & 5 i A
E Al —BAGREH, m?
E Ao —DRF B AL, m?
Sl Ay —— A HERER, m?
Lefr BAGARKE, m
0 5 1 15 20 25 HSAG R L, W

0
a/w

K11 AFRINATIR T B4 KA AT R
Fig.11 Effective thermal conductivity of capillary wick under

different heating power

s KB ORERI RO AT, P SRR — Bt
(6], B 4O I B ) DX A8 1), R8T v
MADZET, BHEHFAE BT RN fit
FATAT AL, BEEINATR g BRI, B
T G R KRR KA SN 5 B o

T 4R KA 78U, A7 R 3 3B AE 5 W BL
W HATBAEIRES, BN KIE BT I B
AL, AR 5 W R, BASKFI A
MG REEFERN, X2 TH IR T KRR
ey BRI RE B, FECBANEXT KK AE 796k
590 Bl EMMAIIRT, & RRBAE R
SRS T K BMOHRGE, MAER AT

. RCEMEMSIH G RBIET KT
R
4 % i

ARICEVCKH 3D ITHINER & B, A
FadETHHE 7 BUIS TARRE TR RO TR, o
T ASFDIRER T HAN T AT R 5, e
MUPERERIPE M it T B AR, RGBT

(1) BRG & BAIEX L5 LB IR RE ) R
4f, AT LA SIS (- 1] i, (D B K
REIH 2, AT [ - ™ A 2 v R N B2
O, - 2T R A

(2) i AR DA AN, B KA T
B SEIRHR/NES . EIUMRIE T, 52
LD ESHNEIRS R S B B -/l et NI E S P O RS
RORG R  MAE S AT ERR, SER A R ORI A

(3) BTN RTART LB BRI

{cond
{conv 715'3;’#?}%%[ }:F@ E@ﬂu%&jﬁ% y W
HNSI B 0 IS AN, W

qin
Gloss BnRL, W
Grad HHAR ST SRR I R, W
T ERNIRE, K
Ty USRI I PR, K
& BYH R 5T 2
£2 TR A8 R S 28
o Stefan-Boltzmann # %, 5.67x108W-m=2-K™
References

[1] e, FRESEVE BORIIBT LSRR RS )], (KR 58 =, 2009,
37(2): 7-14.

QU Y. Hot study and development trend of loop heat pipes[J].
Cryogenics & Superconductivity, 2009, 37(2): 7-14.

[2] XU J, ZOU Y, FAN M, et al. Effect of pore parameters on thermal
conductivity of sintered LHP wicks[J]. International Journal of Heat &
Mass Transfer, 2012, 55(9/10): 2702-2706.

[3] . SRR R B AVE B A R M BE R AE[D). Wrm: WL
FRRE, 2012,

QU F L. The development and performance characterization of flat
plate heat pipe capillary core [D]. Jinan: Shandong University, 2012.

[4] RitJo, 485, FRAR. REER B AR FLS B B R e
BEMSEIR[T]. L T243, 2012, 63(2): 463-469.

XUJY, ZOU Y, CHENG L. Pore parameters control and the influence
on the capillary pumping performance of sintered nickel wicks[J].
CIESC Journal, 2012, 63(2): 463-469.

[5] AEFIHL, SEAW, FEAK, S5 PREEIAE RO BT R I SR T
). TRERIE AR, 2010, 31(9): 1543-1546.

CUI K H, XIN G M, CHENG L, et al. Effective thermal conductivity
of loop heat pipe wicks[J]. Journal of Engineering Thermophysics,
2010, 31(9): 1543-1546.

[6] ZAHE, 4055, FEAR. PRESIVE BALGHIMESLIRRT JE[0]. g
FLTA2244R, 2010, 30(17): 57-61.

LI J W, ZOU Y, CHENG L. Experimental study on thermo physical
properties of capillary wicks for loop heat pipe[J]. Proceedings of the
CSEE, 2010, 30(17): 57-61.

[7] CHI S W. Heat Pipe Theory and Practice: A Sourcebook[M].
Washington, London: Hemisphere Pub., 1976.

[8] MAXWELL J C. A treatise on electricity and magnetism( Vol. 2)[J].
Nature, 2014, 7(182): 478-480.

[97 GORRING R L, CHURCHILL S W. Thermal conductivity of



5% 4

www.hgxb.com.cn

* 1397 -

(10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

heterogeneous materials[J]. Chemical Engineering Progress, 1961,
57(7): 5359.

DUL'NEV G N. Heat transfer through solid disperse systems[J].
Journal of Engineering Physics, 1965, 9(3): 275-279.
LORDRAYLEIGH S R S. LVI. On the influence of obstacles arranged
in rectangular order upon the properties of a medium([J]. Philosophical
Magazine, 1976, 34(211): 481-502.

BERENSON P J, GRAUMANN D W, SOLIMAN M M. Effective
thermal conductivity of dry and liquid-saturated sintered fiber metal
wicks[J]. Mechanical Engineering, 1970, 92(11): 64.

ALEXANDER E G. Structure-property relationships in heat pipe
wicking materials[D]. Raleigh, North Carolina : North Carolina State
University, 1972.

PETERSON G, FLETCHER L. Effective thermal conductivity of
sintered heat pipe wicks[J]. Journal of Thermophysics & Heat Transfer,
1987, 1(4): 343-347.

Ty, X, 27U A M AT T EERR[OL). [2014-12-01]
[ B 18 SCTE 2K http: //www.paper.edu.cn.

MA C, LIU Y F. Review of Effective Thermal Conductivity of Porous
Media[OL]. [2014-12-01] Sciencepaper Online http://www.paper.
edu.cn.

ADLER P M. Transports in fractal porous media[J]. Journal of
Hydrology, 1996, 187(1): 195-213.

ADLER P M, THOVERT J F. Fractal porous media[J]. Transport in
Porous Media, 1993, 13(1): 41-78.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

MO S P, HU P, CAO J F, et al. Effective thermal conductivity of moist
porous
Thermophysics, 2006, 27(1): 304-313.

BONNEFOY M, OCHTERBECK J, DROLEN B, et al. Effective
thermal conductivity of saturated sintered nickel loop heat pipe
wicks[C]// ATAA Thermophysics Conference, Portland, Oregon, 2006.
IVERSON B D, GARIMELLA S V. Experimental measurements of
heat and mass transport in heat pipe wicks[C]// ASME 2004 Heat

sintered nickel material[J]. International Journal of

Transfer/Fluids Engineering Summer Conference. North Carolina,
USA, 2004: 209-217.

IVERSON B D, DAVIS T W, GARIMELLA SV, et al. Heat and mass
transport in heat pipe wick structures[J]. Journal of Thermophysics &
Heat Transfer, 2012, 21(2): 392-404.

SINGH A K, SINGH R, CHAUDHARY D R. Prediction of effective
thermal conductivity of moist porous materials[J]. Pharmacogenomics,
2000, 14(6): 455-457.

XIN G, CUI K, ZOU Y, et al. Reduction of effective thermal
conductivity for sintered LHP wicks[J]. International Journal of Heat
& Mass Transfer, 2010, 53(13/14): 2932-2934.

DENG D X, LIANG D J, YONG T, ef al. Evaluation of capillary
performance of sintered porous wicks for loop heat pipe[J].
Experimental Thermal & Fluid Science, 2013, 50(10): 1-9.

MUGHAL M P, PLUMB O A. An experimental study of boiling on a
wicked surface[J]. International Journal of Heat & Mass Transfer, 1996,
39(4): 771-777.



