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Design and Performance Test of a Cryogenic Blower for Space

Thermal Environment Simulation
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ABSTRACT

Thermal vacuum test should be performed prior to launch to verify satellites’
functionality = in a harsh space environment which is represented by extremely cold
temperatures and vacuum conditions. A thermal vacuum chamber which consists of a
vacuum vessel, a pumping system, and a thermal control system are used to perform
thermal vacuum tests of a satellite system and its components. A cryogenic blower is a
core component of the closed loop thermal control system for thermal vacuum chambers.
This paper describes the fan design of the cryogenic blower, the design of the thermal
protection interface between the driving part and the fluid part, which were verified by
thermal and structural analyses. The performance of the cryogenic blower is confirmed by
similarity test on the test bench.
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Fig. 1. Schematic diagram of GN2 closed

loop thermal control system
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Fig. 2. Schematic diagram of GN2 open loop
thermal control system
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Table 1. Operating condition and design
requirement

T2 AL2F
Working fluid Nitrogen
Working fluid temp. (°C) -150 ~ 150
Operating pressure (kPa(gauge)) 0 ~ 5516
Gas density (kg/m®) 48 ~ 64

Performance

- Head pressure
- Max. flowrate :

: 9.8 kPa (0.1 kgffcm?

091 kg/s @ p=4.8 kg/m®

400 CFM (11.33 m%min)

Fig. 3. Cryogenic blower operating envelope
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Fig. 5. Feature of fan and scroll
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Where, N is rotational speed (RPM)
Q is volume flow rate (m’/min)

H is Pressure head (m)
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Table 2. Analysis condition of Cooling

Table 3. Cryo Blower design point and

system test point
Description Condition o » desi Test
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Fig. 8. Temperature distribution of cooling
system
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