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Capillary performance of metal porous media for heat transfer enhancement
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Abstract: Metal porous media which enables the gas and liquid separation is adopted to enhance heat transfer.

Due to the different mechanical behavior between gas and liquid in the porous wall, the gas-liquid two-phase can

be separated along the porous media insert, where gas cannot enter the porous wall and the liquid is free to flow in

the center. Thus, the gas can flow along the tube wall and the liquid flow in the center of the tube, leading to a high

heat transfer performance. Capillary force of the porous media has an important influence on the enhancement

performance. In this paper, a novel capillary force testing method is used to test the capillary force of the metal

porous media inserts. It is found that the capillary force of the porous media is associated with the powder material,

particle size and the filling of the porosity. The particle shape is the most important factor affecting the capillary

force and then the particle size, while the porosity is the weakest one.
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Fig.2 IR thermal image of capillary rise of sample
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Table 1 Samples with branch shape

No. Shape Porosity Temperature/’C Time/h  Size/um
Cu-Bran-25 branch  0.771 900 1 <25
Cu-Bran-125 branch  0.756 900 1 100—125
Cu-Bran-150 branch  0.761 900 1 >150
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Fig.3 Temperature curve of Line 1
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Fig.4 IR thermal images of capillary rise of samples with branch shape
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Fig.5 Capillary rise height over time of samples with
branch shape

BT BT, SRANEURL ] 2 B K AR LA AR /N
M. KB 6(b)F Cu-Bran-150 F 5 UBA KA X Ff
MG, HALEAORER RSN, BokL Al i35 A 7
100 pm REEHLFEAN, LA ARHES, A
FFRAERE3 . e B g, FF 5
Cu-Bran-25 RIS ELEEHE 2 H

ArEKZ, A EKT 40 s B, FE&
Cu-Bran-125 & FEE#L 14 Cu-Bran-150 /%, 70+

180 s i, £T4M A5 P 48 b B 7n 7 1 Fp (A7 B AR
Cu-Bran-125 48 bt FE 2 s T HAR P ASFE i
XA I AT 40 s I, AR B TR R %,
TARIE = A B A0k 55, MR TR A ) R
NESB\EEERE, BTEBUMIIR NSRS
IR /NEIEEE, Cu-Bran-125 # 5 BT Bk 54,
TERESE H AR P FLBR A IR, R = A 1
M SIE KT K4EH Cu-Bran-150 #£ 5774 1 & 24
77, o BTH v EE R LA F A
3.2 FRRRAE T

KR AR 100~ 125 wm JREER TN AR AR
ARFE AT EOE, BRIEA AR RIS IR B R KN ELAR
—5, (HEILBRRMZEEK, BRIE N 029, HRA
0.75. B 7 SoRPMAFEFE B B A2k, Ed
RIRPIRE R PEREAR ZZ UK, TR RAE B4 BT
W, EREBI EFHRIRIA, RO AR b MR ER
RFERRM AR 25 s DU, FORM AR & B2
FECRBAFES, BEENEOEL, HERSEE
KRS, EAKHE . BRI KRR
KRR —FE, (Bl TFLB A E TR, ek
RV ER T BRI R, HALRIER 7



RO : R B SRR A2 SLE K B B TR AE

- 2765 *

10wm. Mag=1.00KX EHT=5.00kV Date:17 Mar 2015
WD=75mm SignalA=SE2 Time :15:22:55 ATC-SCUT

(@) Cu-Bran-25

i, A . o 2
100pm Mag=100X EHT=5.00 kV Date: 17 Mar 2015
t—| WD=70mm SignalA=SE2 Time :15:26: 17ATC-SCUT

(b) Cu-Bran-150
K6 HORBIRIR S HE i SEM 8]
Fig.6 SEM picture of samples with branch shape
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Fig.7 Capillary rise height over time of samples with
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Table 2 Samples with branch shape from different

manufactories
No. Batch Porosity Temperature/’C  Time/h  Size/um
Cu-Bran-1125 1 0.72 900 1 100—125
Cu-Bran-2125 2 0.75 900 1 100—125
Cu-Bran-3125 3 0.57 900 1 100—125
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Fig.8 Capillary rise height over time for samples with

branch shape

4 % B

% L 2 G5 AL B A I 52 B AR R
LRE . MARTERIIREE TZESHAE . Kok



- 2766 °

e L %

67 %

RIGEXF B ER, 78 3 MRS KRNI
RIBURLAE B (<25 pm, 100~125 pm F1>150 pm),
HEMFFAEA RLMER R, mMAE A BOR R F
100~125 pm FEfb, %P B IR, RN E4H
EFHRBIBE TN . R ARTRNT BB, R
R AR BLIRFERIMN R, (2 TR R,
FER G M REIE 2 5 THECRFE M . FLERZE XS B 4H et
IR SS, A MBRITEAR . BRI .

References

[1] BERGLES A E. ExHFT for fourth generation heat transfer
technology [J]. Experimental Thermal and Fluid Science, 2002, 26:
335-344.

[2] TU W B, TANG Y, ZHOU B, et al. Experimental studies on heat
transfer and friction factor characteristics of turbulent flow through a
circular tube with small pipe inserts [J]. International
Communications in Heat and Mass Transfer, 2014, 56: 1-7.

[3] JT W T, ZHAO C Y, ZHANG D C, et al. Influence of condensate
inundation on heat transfer of RI134a condensing on three
dimensional enhanced tubes and integral-fin tubes with high fin
density [J]. Applied Thermal Engineering, 2012, 38: 151-159.

[4] PR, BRECH. B AN ISR T 8 K SR A A SR SEIR BF 7
[7]. #AEZh 1) AR, 2003, 18(1): 47-49.

TAN Y F, CHEN J X. Experimental study on the performance of a
new type of stainless steel corrugated tube [J]. Journal of Engineering
for Thermal Energy and Power, 2003, 18(1): 47-49.

[5] o, WEik BhEEESEEERTEARM]. dbat: TE
HLJJ iR AL, 2004,

GUO Z Y, HUANG S Y. Principle of Cooperative Field and New
Technology of Heat Transfer Enhancement [M]. Beijing: China
Electric Power Press, 2004.

[6] wdkze, BREEAL, 2245, . 20 SUARFBOM R 5 4ot It EL S B0
FBAIHTI]. TRERAEL 23], 2004, 25(5): 813-815.

MENG J A, CHEN Z J, LI Z X, et al. Experimental study and

analysis on heat transfer and flow resistance of elliptical tube with

cross scaling [J]. Journal of Engineering Thermalphysics, 2004, 25(5):

813-815.

[7] WANG P, LIU D Y, XU C. Numerical study of heat transfer
enhancement in the receiver tube of direct steam generation with
parabolic trough by inserting metal foams [J]. Applied Energy, 2013,
102: 449-460.

[8] CHEN H X, XU J L, LI Z J, et al. Flow pattern modulation in a

horizontal tube by the passive phase separation concept [J].

[

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

International Journal of Multiphase Flow, 2012, 45: 12-23.

BERE, R R, BT, & MBS REKCHE SRR
[3]. LT 4R, 2012, 63(7): 2045-2050.

CHENH X, XU JL, LI ZJ, et al. Stratified flow pattern modulation
by phase separation concept [J]. CIESC Journal, 2012, 63(7):
2045-2050.

ADKINS D R., DYKHUIZEN R C. Procedures for measuring the
properties of heat pipe wick materials [C]// Proceedings of the 28th
Intersociety Energy Conversion Engineering Conference, 2010:
911-917.

FREGGENS R A. Experimental determination of wick properties for
heat pipe applications [C]/ 4th Intersociety Energy Conference
Engineering Conference. Washington, DC, 1969: 888-897.

WEIBEL J A, GARIMELLA S V, NORTH M T. Characterization of
evaporation and boiling from sintered powder wicks fed by capillary
action [J]. International Journal Heat and Mass Transfer, 2010,
53(19/20): 4204-4215.

HOLLEY B, FAGHRI A. Permeability and effective pore radius
measurements for heat pipe and fuel cell applications [J]. Applied
Thermal Engineering, 2006, 26(4): 448-462.

HWANG G S, NAM Y, FLEMING E, et al. Multi-artery heat pipe
spreader: experiment [J]. International Journal of Heat and Mass
Transfer, 2010, 53(11/12): 2662-2669.

BYON C, KIM S J. Capillary performance of bi-porous sintered
metal wicks [J]. International Journal of Heat and Mass Transfer,
2012, 55(15/16): 4096-4103.

XERAE. G 5 a8 TR A T 22 FL25 1 136 2% TE BE AT 7E[D].
JUHI: SR TR, 2013,

DENG D X. Fabrication and properties of micro scale heat and mass
transport through porous structure [D]. Guangzhou: South China
University of Technology, 2013.

DENG D X, TANG Y, ZENG J, et al. Characterization of capillary
rise dynamics in parallel micro V-grooves [J]. International Journal of
Heat and Mass Transfer, 2014, 77: 311-320.

DENG D X, TANG Y, HUANG G H, et al. Characterization of
capillary performance of composite wicks for two-phase heat transfer
devices [J]. International Journal of Heat and Mass Transfer, 2013, 56:
283-293.

TANG Y, DENG D X, HUANG G H, et al. Effect of fabrication
parameters on capillary performance of composite wicks for
two-phase heat transfer devices [J]. Energy Conversion and
Management, 2013, 66: 66-76.

TANG Y, DENG D X, LU L S, et al. Experimental investigation on
capillary force of composite wick structure by IR thermal imaging
camera [J]. Experimental Thermal and Fluid Science, 2010, 34:
190-196.



