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ABSTRACT

Thermal vacuum test should be performed prior to launch to verify satellites’
functionality in extremely cold/hot temperatures and vacuum conditions. A thermal

vacuum chamber used to perform the thermal

vacuum tests of a satellite system and its

components. A cryogenic blower is a core component of the gaseous nitrogen (GN2) closed
loop thermal control system for thermal vacuum chambers. A final goal of this research is

development of cryogenic blower.

Design requirements of a blower are 150 CFM flow

rate, 0.5 bara pressure difference, hot and cold temperatures. This paper describes the

performance analysis of impeller by 1D, CFD

commercial software, the design of the

thermal protection interface between the driving part and the fluid part. The performance
of the cryogenic blower is confirmed by test at the standard air condition and is verified

by on the thermal vacuum chamber at the real

operating condition.
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Fig. 1. Schematic diagram of GN2 closed
loop thermal control system
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Table 1. Oper_atlng condition and design Table 2. Impeller geometry
requirement
o T & 1% Design | 2™ Design
T & Specification 9 9
R— _ Full blade 10 EA 13 EA
Working fluid Nitrogen Splitter 10 EA 13 EA
Working fluid temp | =150 °C ~ 150 °C 32 =ZA [mm] 30.000 30.000
Operating pressure | 2 ~ 7 bara T2l2E & [mm] 46.431 39.177
Pressure difference | More than 0.5 bara ez & [mm] 132.870 132.870
Flow rate More than 100 CFM e =0l [mm] 2.557 4.226
Rated speed Less than 10,000 rom
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Fig. 2. Impeller geometry design
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Fig. 3. Estimated performance result (cold

condition, T : =150, Pin : 1.8 bara)
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Fig. 4. Estimated overall efficiency
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Table 3. Summary of 1D estimated
performance results
Cold Warm
Condition Condition
dP [bara] 065/18 | 072/ 75
/inlet pressure [baral 080 /22 | 080/ 84
Pressure ratio 1.36 1.09
Flow rate (CFM) 150 150
Stall point (CFM) 80.5 79.8
= A5 5 dow, el 150 CEMelA 9
e 588 60%=2 ddEH. Fig. 4= AL
E299] W& E(overall efficiency)s HoJFil
lod, AEEe 1344 A o B
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Fig. 5. Computational grid of blower

7hel Eelol= Gl st AdE 53 3t
Ak
224 3N 229 M

SAL 2299 dule 134 A4
T dHEs T 27E 4o FHIS
W g 5 R A, AEAdE el
om Fig. 6& FAL £299 @dE
gtk SAL BRYE AR} 2L F
A} ol sdhe fewet dAdE TEAd
o
AN

of

Figure 72 A& 299 4y 3D 4
I AztE BEge BHoFa th Ade GFr
RS FAA

o
>
=
S
o
%
R
i
B
oo
9#
32
k
2
>

THERMAL BARRIER
(WATER JACKET)

HOUSING

WATER JACKET

Fig. 6. Cryogenic blower lay-out



1012 AEE - 287 -9 A45 - EAY - S8 T 2 T B ek
= FAL B2 YEs 12 2 A9 3749

A FEo] " old wet kETH FEF AL

barrier) ©]

o] A As 9] &7 (thermal
AgEnomn, oy, dguse 1 g A9
=Zo] gl wel Wzho] BashA o, ¥
212 &3t

AL B2oE -150 C9 AL 9 150 C
o] B2 7|AAEALE HAFHAZE FEHEE
AA Hhoy, dubEd AP S M= o]
oF o ZAL F neo] AAY FEXHAS B

T

Fo) BNE AFWAZ PG ol 3ol 44
o $E2AS Aol FFFL TPT A5
gelste NP ¢4 Ak
71skera ZARD A717F e 2709 =240l
AolA zh Fiel 7] Ble dAEH olHd £
299 35 Aeh7t AAHSimilarity)2hd, oh2-2]
BAA (1)°] FHZEHe]. o, A7t FdsTt
WA 4y, Y BF U s HsEnt
= a2 B SAZe e Ac A NFE R g6 m, Table 337 2ol ®Zuv|olAe A
TS A, A AR SERIZASTS304)S zhe Axs 4 o).
% g3k
AL BEE29e -150 TolA 150 T 2= ooy . o _ (@)3(&)7 T,
Welola o] Bt olo] weh FAL Bxe o Aallm]TAT
dole e B AL FAE TERA WMo, Y o, -p, 2l
wele] 4213 93¢ F 4 vk mebd 9 S
o] gl=s stofof 3t} o9} e A F
A& WA f8) 2pHld s B (Labyrinth seal) = Wl(&)(%) %
7 9y A (Varilip seal)©] 2-8% Stk P !
ik BE B doluode 283 A5 =y

—

20,000 RPMoJ/de] 13dS zte 548 2
oy, FAL B2 A9 13 IJH&E=
zZ= HRE B9 2 AL oo =&
B2 10,000 ~ 20,000 RPMAFol| A & 3
Ue EWojgd S A&ttt 42 S22
£5HE Wolgde -150 T ~ 150 T 344
297 Hed, 99 2 2HA AMEA] &2 Y Kiel 55 ©]
G A} A7t WEF AEE EZAEA =T o] Al A|2HS FH 53t

of wel wWojyge] ol F%¥E RUHY 3= A 7F Wi FEI Wi 2oyl aFdEH3]. w

232 MEEH

FAZ 2= g5l ws FEnvt =
BoER BES "N s SAY A FF
Al B Al=gle) RBate Qs H-e A

By 0ot ¥ 9

A
o] F8skH, wWojge] 2= % AedAds wy  FAL =29 4% 542 A 7% —i‘—@cj
Hgste wyles wWolde &4 ofs #dd  7ted F9 K37 H8H U Table 4°]
F & Aotk £ dAvdMe AW % e g mFEdUrIRAAAe] a7 fFo] 230 CFM
Holdel Fdl AF LEAE HAst £EA o]EHE &7 3 30 ~ 130% F=7HA] FLs}
ol e 228 54 & 5 =S Stk A SAYE = =S &5 A7 548mme| TIF



43 4 28 11 %%, 2015, 11.

Q4% PN FAL 229 47 2 4597 1013

Table 4. Blower design point and test point

Cold Condition Hot Condition
Operating Test Operating Test
condition condition condition condition
Fluid GN2 Air GN2 Air
inlet pt
[bara] 1.8 1.01 75 1.01
inlet Tt
[C] 150 20 150 20
3Q 150 230 150 125
[ft/min]
dP 0.65 037 072 0.097
[baral : : : :
RPM 10,000 15,429 10,000 8,323

Flow choking device
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Blower discharge
condition measurement
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Mass flow rate measurement

Fig. 9. Schematic of ambient performance
test apparatus
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Fig. 11. Test results with similarity equation
(T : =150 C, Pin 1.8 bara)
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