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ABSTRACT

A closed loop thermal control system simulates space thermal environment to verify the
satellites” functionality in extremely cold/hot temperature. It is composed of a cryogenic
blower, thermal shroud, heater, cryogenic valves. This paper presents an overview of
closed loop thermal control system’s design parameter and test results for control
parameter. A capacity of blower is calculated through energy balance equation and an
advantage/disadvantage for a shroud material and a type was analysed. The thermal
control system is controlled by a constant density of fluid in the system. A requested
performance of closed loop thermal control system was verified by measuring a
homogeneity and stability of shroud through control parameter such as density and RPM
of blower.

x =

32 Ao A2"He AT AW 255 -150T ~ 120C9 2L 2% x7Ao=
2AbE] 98 Ala"lo g IAe BEE9 ekt JE, IAL Wy %—9_

ATe ¢ G937 BAE A SR Ao AlzEle] AA a4 Ao 9 Ao g4
d A9 55 ¥ Aok HIZ GAlo] AxE AAE S A 24 EEY &%
7= A, ol E A4 59 BAS 79 SATh HSIE Ao Alx=Hle

E29 H8 {2 oux By HA A 4611 AR HH, Aoje A5 A A= AoE
53 Aojeth UE, AL 22 Ao Wl Age 58 fE= it Y odz 9
TYEE S48t o749 HIE A AIMM Aes 82l stk

Key Words : Closed loop thermal Control System(H 3|2 @A} A 2=Hl), Thermal
Vacuum Chamber(8313 #H), Cryogenic Blower(5 42 &=29%])

¥ Received : October 29, 2015 Revised : December 2, 2015 Accepted : December 11, 2015
*** Corresponding author, E-mail : hwanil@cnu.ac.kr



044 & 1 5%, 2016, 1.

AW A3 Z dA A28 AA 9 F5H7t 89

.M 2

$2 Aoy AHsE 93 A8y
el $5 dAlE WAOL Bl 4ol
y s_}

o]
79 %%ﬁoé 4_/\}0}‘_ T
21E A A
d21F Ao A X
l EAlo] AN="HL ZAFHA(gitd ez 7|A
24 AHE)E d7IE wE3k= 783 E(open-loop)
ANz="3 &5 FAE 2 AEHoE &%
A7l #3 Z(closed-loop) Al=®HoZ FEE
T U NI 2 A|2="2 A 2H] FAo] T
0]'3’-, z27] FEFH| o] FUHeE HHI A
o] deoy, AF A AR Wol &1 &0l
E0e 98-S KT H9E H3E 2" =
A& SEH 3EH, dAdA EAF A 5 BR
gk AR 5ol XFEo glol 7] FEHHEo| A
R g Fou, ZF FA9 &HVt Ho] &

Hlgol AR, Axdel Egol Frh: 3

< 7k EHZ]

2 = A8A F2AC tE AT
s 9RE %HHM R mAshe GA
o] AliEélgl A eTxAE =Eda, 5T

YA E%%Ol 4 e o

F3 HIE dAlo] A"y AA, A <l

e E&dta HEsET
. 2 E

2.1 €3 Z FMH A[AH

A FE L A" dAFAF AEH
= €33 AE JAF87], Ao Alz=H, IF
Azdl, Aol Azl oz FAHY. Fig 12
AXF AW A4S RHAFT Jh

AF&71= 71AAQ dnts B3 THAEE
53 QLGN EHS Hasg Yoy, k=
o] EEALE FHAsE Y

FE9EE 150C ~ 100Ce 43HS EHA}
=2 53 AEe d84L Hose 9&< 3o
FEHeEe] ¢t ¥He BAlGAGS FHusst
7] $18 B9 HRJEV =X HIYoH, oFwH

Vacuum vessel
Shroud

Pumping system
Cryogenic blower

(1
(2
(3
(4

Fig. 1. Overall view of thermal vacuum
chamber
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Fig. 2. Schematic diagram of GN2 closed
loop thermal control system (TCS)

Table 1. Design requirement of TCS

TE Specification
Temperature Cimnee )
range 150C ~ 120C
Operating , ;
pressure 2.5 kgfem 7.5 kglcm
Temperature <+ 05C
stability = U
Temperature 10°C (stabiized condition)
Homogeneity

more than 3 C/min
less than 5 kW

Transient rate

Heat load
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Table 2. Required blower flow rate
(Tin = -150TC, Pin = 2.8 bara)

Volume flow
(CFM, ft*/min)

AT Tout Heat load (kW)

() () 5 7 10
1 -149 1274.6 | 17844 | 25491
2 -148 642.0 898.8 1284.0
3 -147 431.3 603.8 862.5
4 -146 325.9 456.3 651.9
5 -145 262.8 367.9 525.5
6 -144 220.7 309.0 4414
7 -143 190.6 266.9 381.3
8 -142 168.1 2354 336.3
9 -141 150.6 210.9 301.3
10 -140 136.7 191.3 273.3
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Fig. 3. Required blower flow rate for heat
load(Pin = 1.8 bara)
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Fig. 4. Cross section of embossed shroud
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Table 3. Test matrix for performance test

e | Uz ofl &b w2t 2=

(RPM) | (kg/m?) | (CFM, ft/min) (C)

-150

9,000 55 360 o0

-150

8,000 55 320 oo
55

7,000 50 280 :1?80
45

Fig. 9. Thermal shroud (Dimple type)
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Fig. 10. Temperature trend of control sensor
for blower RPM at hot condition
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Table 4. Summary of control sensor temperature
for blower RPM (AT = Set Temp. -
Control Temp.)

5| 2 24 | o Control Sensor
(RPI\;IS == (:a:a) Average AT
(C) (C) (C)
-150 | 2.56 —145.38 4.64
9000 100 6.52 98.76 -1.28
-150 | 248 -144.60 5.40
8000 100 6.42 98.39 -1.63
-150 | 237 -144.82 5.24
7000 100 6.33 97.45 -2.53

Table 5. Summary of shroud temperature
for blower RPM (AT2 = Set Temp.
- Shroud Temp.)

MK
A™s | o2 | EE | AT | PEE | FUE
(RPM) (“(*) (C) (C) () ()

-150 | -14553 | -447 | 448 1.00
9,000

100 | 10025 | 025 | 1.90 066

-150 | -14505 | -4.95 | 4.24 1.00
8,000

100 | 10014 | 014 | 207 0.60

-150 | -146.15 | 385 | 4.38 125
7,000

100 | 9943 | -057 | 1.99 0.60
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Fig. 12. LN2 consumption for various

blower RPM
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Table 6. Test chamber specification

Case #1 #2

Test chamber TVC 10 TVC 07

Shroud type
(material)

Plate-tube type
(Aluminium)

Dimple type
(Stainless steel)

400 CFM
(0.5 bara)

400 CFM
(0.5 bara)

Blower Spec.
flow rate (dp)
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Fig. 15. Temperature trend for shroud
design at hot condition
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