5520 B5 7 W) TR ITRE %R Vol.20 No.7
2020 £ 7 H The Chinese Journal of Process Engineering July 2020

DOI: 10.12034/j.issn.1009-606X.219310

SRRSNETE T T T

Physical properties test of a composite porous wick based on foam metal
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Abstract: In order to improve the heat and mass transfer performance | |

of porous wicks, a composite porous wick was prepared by using
copper or nickel foam as the skeleton and filling with the dendritic
copper or nickel powders in this work. The foam metal can provide
reliable porous framework and good heat transfer performance. And
the dendritic metal powders can regulate the pore structure and pore
size distribution inside the foam metal. The physical properties of the
composite porous wick, including the porosity, capillary pumping
capacity, effective thermal conductivity and evaporating rate, were
studied experimentally. The prepared composite porous wicks had
high porosity and low effective thermal conductivity in the range of Fo st
4.1~9.8 W/(m-K). According to the filling amount of metal powders and the microstructure of samples the foam nlckel
and dendritic nickel powder were the most suitable combination for loose sintering of composite porous wick. Porosity
had little effect on capillary pumping capacity of the composite porous wicks, but the porous structure and pore size
distribution of porous wicks can cause the obvious effect. Due to the use of metal foam as skeleton, partial evaporation
can be formed locally on the surface of composite porous wicks, and heat transfer equilibrium can be achieved by
surface evaporation at low heat load of 30 W. Increase the heat load to 50 W or 70 W, local temperature on composite
porous wick was over 100 C, and heat transfer entered the meniscus evaporation inside composite porous wick. Based
on capillary pumping characteristics, effective thermal conductivities and evaporating rates in these porous samples,
the composite porous wick with nickel foam as the skeleton and the mass ratio of dendritic nickel powder to the pore
former of 5:5 had the best performance. The simple preparing method for the composite porous wick was proposed,
and it was expected to be used for further practical application in loop heat pipe.

Key words: foam metal; composite porous wick; capillary pumping characteristics; effective thermal conductivity;

evaporating rate
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Fig.l Microscopic images of foam metal samples
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Table | Material and proportion for preparing composite porous wick

Sample Skeleton Diameterxheight/(mm>mm) Dendritic powder Mass ratio of dendritic powder to spherical pore former
No.1 Nickel foam 40.0x11.0 Nickel 5:3
No.2 Copper foam 40.0x9.0 Nickel 5:3
No.3 Nickel foam 40.0x11.0 Nickel 5:4
No.4 Nickel foam 40.0x11.0 Nickel 5:5
No.5 Nickel foam 40.0x11.0 Copper 5:3
No.6 Copper foam 40.0x9.0 Copper 5:3
NOEBME = BRR, BRIESER AR ST 91.6%, WHKBHNHWAZLLAA 0.7 mm, LEEN

T AL et B — 52 LU & 5 T 7R N VR S A
ARSI i A T AR P R 55 B 2.31 g/em®, RITEZ4R
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HRFLE RN XK. BT RS B BRI KR,
A7 (MDA TR R 4, T R AR AR B R T AR K AR
FUARX B, SRR T A 72 FLBR P AR o bL B o
A 15 5 A FLBSTIE 78 2 AT A B4 O 4 2, WoE 7
SRR AR SEFLFIMEC L, A& 75 (68 5 e i &2 L ik
ITRE. A5, BEESBEHRAAERMATE, HHF
REE TR ERME & BHS. Bk, @A FM
BRI S, fl&T 6 MEA&BASCHER, HEA
ZHNFR 1. WLLER], EAMIEERESEERIN 40.0
mm, KGN HILAELN 02 mm, LN

95.1%.0 o LA FH VAL IR A5 B 70 AH 7] A4 T 450k R 15 21
TG 1R 2 AR A R g R &
ARAFEIRE S 3 0 45 VLR AR RO L A B 3 70 AR [R] A
TEA Ry R 2N Z & BYSHET 5 6.
22 EMHAHRNERE

R4 B B 38 ORI N B4
OV bR BN, SE RO R AT R B I . HLE
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Fig.2 Measuring equipment for capillary pumping mass

=k

23 BHASGERNERE

AR EREA S LR NI R & B4 A T
A, PR AP AN T N L) R 2i R ) bR ERE AR,
Kol g BANUNE EAE LN B 8], B AR BROR Y #E
BEATINEY, FHRBURIIRANVKOKIR ST, fEREAM
FORIAPRL, ARG GE R I _E 2R RO PR A B
8 NAGEARIEAT IR, W 3 PrR. RGURERER,
AR L i — 2RSS T AR ACE T BB AU R

24 BARNERE

I [ A SR S B AN 2 R AT,
Bl 4 Fion . B E RN 5 28 RS TE B %
Wit K HBCETE R 2 e IR K &K
MBS aE THTRT L, FRE400 g 281K, AR5
KB SRR BT ZEK . a4 n#vi i
RS, TIRTEBLN AN 2RI IR RN Y A AR 7
M. HTEBMARVER, TR E /) B0 P EBH
FIHL A BN EER AT AR K .

Fixed bolt \EU\U
\ N

Thermal insulation

Ice-water mixture

Heater
Copper 71 72
T3 T4
Porous wick
—  T5 76
|
79 T10
T11 12
L T13 T14
715 T16

K3 ARASFRNERE

Fig.3 Measuring equipment for effective thermal conductivity
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Fig.4 Measuring equipment of evaporating rate
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Fig.6 Comparison of porosity of composite porous wick
samples
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Table 2  Effective thermal conductivities of composite porous
wick samples

Sample Effective thermal conductivity/[W/(m-K)]
No.1 49
No.2 9.8
No.3 4.5
No.4 42
No.5 4.1
No.6 7.1
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Fig.8 Evaporating rates of composite porous wick samples in
steady stage under different heat loads
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