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Abstract There are many types of national and international standards for low temperature tests depending on the products.
This study conducted CFD analysis and estimation of the energy efficiency of the chamber both with and without a test
object by considering variations of COP and specific volume according to temperature. The supply air was located in the
upper area to compare the cooling performance for each location using various outlets in mixed ventilated conditions. For
cases without the test object, the air temperature of the upper supply and center extract on the opposite side type chamber
cooled faster than other areas by 4.3~29.8%. However, for cases with the test object, the object temperature of the upper
supply and lower extract type chamber cooled faster than the other areas by 7.2~31.5%. The cooling efficiency of the
air inside the chamber and the test object did not show the same pattern, which indicates the need to consider the cooling
performance by not only the air but also the test object in the cryogenic chamber design for testing.
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(f) Upper supply, center extract on the opposite side
Fig. 1 The location of vent hole for each case.
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Fig. 2 Grid test(F Case).

Table 1 The operating and initial conditions

Operating Fluid Air
Operating pressure(atm) 1
Initial temperature of all parts(K) 300
Initial gage pressure of all parts(Pa) 0
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Fig. 3 Flow chart of the inlet and outlet temperature.

Fig. 4 Location of a test object.

Table 2 The material property of test object

Material Steel
Volume(m®) 0.421875
Density(kg/ms) 8,030
Weight(ton) 27.10125
Specific heat(J/kg-k) 502.48
Thermal conductivity(W/m-k) 16.27
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Table 3 The boundary conditions
Input Power(HP) 4 6 8 10 12
Volume flow rate(CMH) 2,160 3,240 4,320 5,400 6,480
Velocity of inlet 1(m/s) 10 15 20 25 3.0
Velocity of inlet 2(m/s) 0.288 0.432 0.576 0.72 0.864

Gage Pressure of
outlet 1 and outlet 2(Pa)

Material of outside wall

-215.6

Polyurethane

Thermal conductivity

.001
of polyurethane(W/m-k) 0.00198
Thickness of outside wall 200 mm
Convective heat transfer
coefficient of outside wall 15
(W/m?-k)
Free stream temperature 300
of outside wall(K)
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Fig. 5 The time the internal temperature of the

chambers takes to reach -40C.
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Fig. 6 The total energy consumption the internal tem-
perature of the chambers takes to reach -40C.

(© SAREK



faaw A
=3

73 A

o

2 9

ot

Fig. 6& jule] 217} 40C7HA] Tmdehs g1t
ANIAE e aL gl YE7]e] X
SIS W Sk S7ke] Wil A
%ﬂ *‘Ol E }L M 3 ol o

i x]—o].;q & ¢}

o 4Ee) 30l
SN

P) i->

FUIO 2 ol.«}h

ofi

o
5}%01

poad)
rr ofN

do N Iy T g M oo
oo X rH ol ot

ﬂEL

M BE7]e AR FEHol 4
~12 HP° o"l‘oﬂ o3l A T AAE ST
Fig. 7= A8 A7 Q& 459 12 %7} -40C7HA
dat=d dele AR JER L dok ATE A7
oi Cased} FrAMSF A3 o 2 F Case”} C Caseoll H3)
18.7~33.9% A= W= Pz} & Holil glrh

ki
it

0.8 o

|—=—C Case
E Case|
D Case
Bcasei
ACase

08 N

Time{h)

|——F Casel

0.2 o

Rated power of compressor(HP)

Fig. 7 The time the internal temperature of the cham-
bers with test objects takes to reach -40C.
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Fig. 9 Streamline of each case(4,320 CMH).
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Fig. 11 The total energy consumption the tempera-
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