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Optimal Design and Three-Dimensional Thermal Analysis using
Finite Element Analysis
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Radiator, (B) Heating source, (C) Platinum resistance
temperature detectors, (D) Window (Znse), (E) Heat
shield, (F) Cold shield, (G) Heat-sink, (H) Electric
connector, (1) Vacuum port, (J) Refrigerant port.
A9 9y g80xwot me HHEOoRE
o] oz gtk ¥WL 24T 7S 3 mm
Golol ¥ 4 AYUL(PV : 34845 m)¢t E
W AZ7|(Ra : 46.75 m)E 7FA 3 Ytk A
HL Dblack paint(Aeroglaze Z306)7} =X ¥t}
S Al9] &% += heating source(PED)Z 268 K
~333K W9 &xE Aottt SA 9 &k

L
L

-~
R

@

(b)

Fig. 1 Low-temperature vacuum blackbody; (a)

Schematic  design, (b)  Cross-sectional
structure
= =A Yol RTD(Resistance Temperature

Detectors) AIAE A3l A

A R2E7F 99 dFgox EQHA
A= s =] s A= cold shield 7}
=2 M Ak A9 cold shield & <13
2% HaE= EA 9 cold shield AFo]2] heat
shield = E<AALES Adatdvt. SA o ojg

=
th 1 gl o
RS ~—]—E_']1__

Fig. 2 (b) °llA Ho5a1 Qv

3. X ZEo A &N
Fig. 2 oA EoAFn g A} o
dstE 3 7HAe] 3 A Rde AR WF
SAe] ddE dAE S 2= kg
g HrkE FgEdth SAe 2k
o4 sle} EFEi= ANSYS(ver. 14.0) ZZ1319]
AREo R Ut JTE SA0l d Hdel g

1361



Fig. 2 Three different simplified designs (a), (b) and
(c) for a low-temperature vacuum blackbody;
A: radiator, B: heat shield, C: cold shield

Table 1 Comparison of measured roughness data

Parameters Values

Stefan—Boltzmann constants(W-m>K™®) 56740 x 10°®
Thermal conductivity of OFHC copper (W/m'K) 391

Thermal conductivity of AI6061-T6 (W/m'K) 167

Emissivity of radiator 1

Set point temperature of radiator (K) 270, 290, 310, 330
Set point temperature of heat shield (K) 270, 290, 310, 330
Set point temperature of heat-sink (K) 283

Set point pressure of vacuum chamber (Pa) 2.67x 102

Fig. 3 Thermophysical analysis of three different
simplified design models (a), (b) and (c) at
290K

Table 2 Comparison of measured roughness data
(Standard deviation for each mean)

Set temperature

270 290 310 330
(K)

272.888 288.676 304.464 320.252

Model 1 (1 6507) (0.8889) (3.4283) (5.9678)
Model 1| 271019 289682 308.346 327.010

(0.4628) (0.2492) (0.9611) (1.6731)
Model 11 270.159 290143 310.120 330.113

(0.0052) (0.0048) (0.0105) (0.0176)
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