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An Experimental Study on the Thermal Load of a Cryochamber
with Radiation Shields
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ABSTRACT: Infrared (IR) detectors are widely used for such applications as thermoelastic
stress analysis, medical diagnostics and temperature measurement. Infrared detectors com-
monly need to be refrigerated below 80 K, and thus a cooling system should be equipped
together with the detector system. The cooling load, which should be removed by the cooling
system to maintain the nominal operating temperature of the detector, critically depends on
the insulation efficiency of the cryochamber housing the detector. Thermal load of a cryo-
chamber is attributed to the conduction heat transfer through a cold finger, the gases con-
duction and radiation heat transfer. The thermal loads of an infrared detector cryochamber
with a radiation shield are investigated experimentally in present study. Since the effect of
radiation heat transfer on thermal loads is significant, radiation shields is installed in the cold
finger part to protect heat input through radiation.

Key words: Cryochamber(=# £7]), InfrareddR) detector(d <4 21%&7]), Radiation shield
(HAF zr#Eh), Boil-off test(Z¥E 23), Multi-layer insulation(® & %<4 A))
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Fig. 1 Schematic diagram of cryochamber.

Table 1 Part lists of cryochamber

Part Material Dimensions
Vacuum Stainless Ifﬁﬁgh d?aZﬁeTeT
vessel |steel(SUS301) _
=25 mm
Length = 33 mm
Radiation | “1V606L) | o meter = 20 mm
shield . Length = 33 mm
Plastic

Diameter = 20 mm
Outer diameter

Stainless - 9mm
Cold finger steel(SUS301) ’{‘hlckness
=0.15mm

Length = 48 mm
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Fig. 2 Schematic diagram of the experimental setup.
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Fig. 4 LN2 flow rate during boil-off test.
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Fig. 5 Transient variation of mass flow rate
for various thermal loads.
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Fig. 6 The relation between thermal load and

mass flow rate at the boil-off.

<M%xwﬂ@aﬂawui$%ﬂ%ﬂ ALy &

@ R exst AAyEd xgse AL &

olr Y] fEAM LEAMZ AdFS /\}%6}04 A2
29 P Riaynh

Fig. 4= 2Ab Aogo] AXHx @& 7]
W FReha Azke] e ALR Boiie &
sushel FUHE AAAL §FS e ol
oA AAAR FY A ALR 2o REe
exe F484 oA o 10secrt A 8K
2R ARYNE 1AY S5secrt AW F
Poggelol s @Ak 4L st AAYze
FUPe ZARYY. AAIL FUFL 270
£ 343 gasht, A%l AuwA giHon
Fashe AFE vEIged, o 500secrt A
O F A ke mgEt 1 % o 570

secx7F At F F438 F
Znp



T T T
w  Without a radiation shield
140 + @ With a radiation shield

Mass flow rate (sccm)

0 .
-0.4 0.3 -0.2 -0.1 0.0 0.1 0.2 0.3

Load (W)

Fig. 7 Effect of a radiation shield on thermal
load.
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Fig. 8 Effect of vacuum pressure of
cryochamber on thermal load.
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Fig. 9 Temperature profile of cold finger.
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