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Abst En this paper, the heat transfer mechanismtruss sandwich panel with channels was inyesti-
g% sed on some conservative assumptions, a si lco d effective model for evaluating the thermal C@:;@qt
perfotmance of the sandwich panel was propose %hile, a rapid method for evaluating the ther msulant

performance of the new integrative thermal tion structure with active cooling was es ed. The

effectiveness and validity of this analysis @vere verified by comparing with the detailed nu@cal simulation
results provided by Fluent software. TK sty offers a support for the further application of (ths%hew structure.
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Fig.1 Configuration model illustration of micro-truss

sandwich panel with flow channels
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Fig. 2 Schematic diagram of size and temperature loads of micro-truss sandwich panel with flow channels
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Table 1 Material properties of Ti alloy, wa and air
NaWan\ O
Parameters (\w Value Parameters \d/ Value

FaN
Thermal conductivi%}&%\)}%er Ki/(m+ K) ! 0.6 Density of, @V( kg e m ?) 1.225
o)

Specific heat ca { water Cpi/(J(K « C)™1) 4182 Dynamid sity of air pair/(m? « s71) 1.79X10°°
Density o /(kg cm %) 998. 2 @onductivity of Ti alloy K./(W(m =+ K) 1) 11

Dyna -\(‘o ity of water p/(m? « s~ 1) 0.001 Q@S ic heat capacity of Ti alloy Cys/(J(K + C) ™) 6@@
Thermal ®dnductivity of air K,,/(W(m « K) 1) 0.024 2%) ensity of Ti alloy ps/(kg *+ m™*) @ 50

Specific heat capacity of air Ci"/(J(K + ‘C)~1) 1 00%
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Fig.5 Analytical model of flow channel wall
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Fig. 6 Computational meshing of unit cell of micro-truss

sandwich panel
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Table 2 Size parameters of cell sandwich structure

Parameters Value
Length of sandwich panel L/mm 200
Height of sandwich panel H/mm 15

w

Width of the cell //mm

Wall thickness of Char@@m 0.5
- 0.7

Bar diameter of migro s d/mm

%%3 hREHEESHE
/{a Parameters of boundary conditions

O
Pa@\% Value

(obling fluid temperature at inlet TP /K 300
_0 &'—E vective heat transfer coefficient in the internal 0
_ icro-truss A1 /(W e m 2« K1) Gi@
(0]

3 HH v OH: 4 niPA SO
Q Cooper ji AT M *ﬁ j'(]IJ ]}. ’ iq 25 ‘@ © Temperature of air T, /K

300

Convective heat transfer coefficient betwee .\(_)
plate and external environment micro-truss
ha/(Wem™2« K1)
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Table 4 Q@ssnpanon of computational cell structure Sllb_]e/(‘l\ different constant temperature load
Q

T/K 0\\)\3 400 450 500 55 (‘\\/Eoo 650 700 750
Quruss/W o 2.07 3.11 4. 14 5. 6. 21 7.25 8. 28 9.32
Qi /W 82.09 123.13 164. 14 246. 20 287. 26 328. 27 365
% % 2.52 2.52 2.52 QUAR\DD2 2.52 2.52 2.52

Notes: Q] Qiruss + Quum s Quruss — Heat dissipation by natural ¢ Sh6n in micro-truss, Quum — Heat dissipation except. f t@ral convection
in micro-truss obtained by numerical simulation; 7 Perce natural convection in micro-truss, 7= Qirus/ Q1. @

%5 ADE @mmﬁ REHEME D HRAE
Table 5 Heat dissipation of computational tructure of micro-truss sandwich panel subjected rent Reynolds number

Re 14 8~No> 132 176 20 264 %\J’ 308 352
Quruee/W 414 @\4\){ 4.14 4.14 4.14 414 414
QI/W 96. 71 @ 6.57 177. 24 199. 66 217.59 @7 245.77 257. 40
o % 4. 28 2.82 2.34 2.07 1. 9Q\é'5 1. 68 1.61

6 EEHEFTFIATHRITBREBHNMGEEELEHS
Table 6 Heat dissipation of cell structure of micro-truss sar%%

ﬂ; SHEHFEERL
nel obtained by analytical model and

numerical simulation subjected to copstant temperature load

Re 44 88 132 97%0) 220 264 308 352

Qi /W 92. 49 140. 97 171,00~ 33 211. 62 227.42 241. 52 254. 38

Quum /W 92. 57 142. 43 173.10 @95 52 213. 45 228.53 241.63 253. 26

Error/ % 0. 08 1. 46 2.10 2.19 1. 83 1.11 0.11 1.12
Notes: Qnow — Heat dissipation of active cooling in channel obtained by analytical solution; Quum. — Heat dissipation except for natural
convection in micro-truss obtained by numerical simulation; Error = | Qow — Quum | /Quum X 100%.

RT ZUEBFTIATHRIBRGHRMEXESHARBEFRASSHEREERNR
Table 7 Heat dissipation of cell structure of micro-truss sandwich panel obtained by analytical model and
numerical simulation subjected to linear temperature load

Re 44 88 132 176 220 264 308 352

Qitow/W 82.24 125. 97 151. 74 172.07 188. 68 203.02 215. 80 223.57

Quum/W 81.13 124. 37 151. 84 171. 91 187. 95 201. 44 213.16 223.57

Error/ % 1. 35 1. 27 0.07 0.09 0. 39 0.78 1.22 1. 05
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Table 8 The highest temperature of cell s

KERFEHNRSRESHENES R
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Obtained by numerical simulation; T. — The highest @gralure obtained by analytical solution;
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