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A Study on Cold Box for Cryocooler System

Yong-Ha, Kwon

Department of Refrigeration and Air-Conditioning Engineering,
Graduate School

Pukyong National University

Abstract

Cold box is demanded to maintain cryogenic condition for stable
drive of superconductivity & cryogenic apparatus.

If short term and small scale system, it is possible to create
cryogenic condition by just use of cryocooler or liquified gas like
nitrogen and neon, helium, etc. But if long term and large scale
system that need stable drive, it is demanded very difficult, complicate

pre-process.

In cryogenic condition, Austenitic stainless steels(300 series), GFRPs,
etc. are used for structure materials. Because many material properties
change in cryogenic condition, special cautions are demanded on
welding, brazing, etc.

Because insulation and structural strength are in inverse proportion,
balance is important of these two matters.

MLI(Multi-Layer Insulation) is used on insulation. It is demanded



'high vacuum(about 10°~107 Torr) for effective use. To get high
vacuum, special cares are necessary about leak, remaining gas,
desorption, etc.

Unfortunately, on the above matters, researches are insufficient. It is
the fact that most things are depend on field-technician's "know-how'.

This study purpose to secure core technology on design of cold box
that manage the heat load and maintain temperature and pressure of
liquified nitrogen is used by refrigerant in cryocooler system.

'Cool down test' and 'Insulation test' are performed to secure thermal
confidence of cold box. From cold box design to cool down &
insulation test, through the all production process, this study purpose

to found data base.



NOMENCLATURE

SYMBOLS

A . Heat transfer area

C . Coefficient, factor

Fo : Fourier number

h . Heat transfer coefficient, Conductance
k : Thermal conductivity,

L . Length, Thickness
N : Number of layers
Q . Heat transfer rate
r : Radius

T . Temperature

t . time

GREEK SYMBOLS

@ . Thermal diffusivity

Ax . Unit length

& . Emissivity

o . Stefan-Boltzmann constant = 5.67 x10™

[W/m“K]
[W/mK]
[m]

(W]
(m]
(K]
fs]

[m*/s]

[m]

[W/m“K]
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(4) leak
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2.3.4 Thermal desorption(bake)
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2.4 Cool down
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26 SAX ¥F A=A

A Aol Bolbvlel 24 B AT ulg FBH olsz
ELA
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7F2 5 cold boxE ¢l E o] load(Table 2.12] (MEclA] FUE A=A
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Comp. out
T | 528.65K
A.C. in P | 263,445 Pa
T | 526.65K
A.C. out P | 260,611 Pa
T 329.97K PComp,Out/P comp. In
H.E. in P | 258202 Pa =2.60
T | 329.97K
H.E. out P | 255,620 Pa Comp. in
T | 82.06K T | 324.91K
T.A. in P | 250,073 Pa H.E. out P | 101,325Pa
T | 82.06K T | 32491K
P | 241573 Pa H.E. in P § 102,348 Pa
| T[] 77K
P1A.in /P TA, out T 'B'T%% P | 109079 Fa
=2.20 APuEn =35547 Pa
C.RB, in P {110,180 Pa
T | 65.39K AP HE cold =6,731 Pa
T.A, out P | 111,293 Pa
T [ 65.39K
P | 112418 Pa A.C. | After Cooler
Comp. | Compressor
C.B. Cold Box
H.E. Heat Exchanger
TA. Turbo Alternator
Fig. 2.8 Reverse Bravton cryocooler cycle
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Fig. 2.9 Schematic diagram of reverse Brayton cryocooler

- 34 -



A23 AR oE

Table 2.1. Components of reverse
Brayton cryocooler

Spec.

Compressor

‘After cooler

Recuperator

st heat exchanger

2nd heat exchanger

Nitrogen liquid-gas separator

Liquified nitrogen chamber

Liquid nitrogen circulation pump

Pressure gauge

Liguid level gauge

Liquid nitrogen inlet line

Load flow control valve

Turbo alternator

Support pipe

Safety valve

Vacuum safety valve

Load(HITS cable)

Gas Ne inlet line

sl@|oe R e erLrRIRe e BEe|

Gas Ne outlet line
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A3 Ad ZA R LW

B Ao A8 cold boxE A 14 m, o] 2 mo] UAFTH
T22 J5e A=H PE= Fig. 2.99 Zoh

F9 AMAZE SUS 316LE AHESlew, A A ti(support pipe)=
A dd=E edste] FRP(G 10)E AR, + 24 F=8 9
& FRPo| SUSE H-Ast= WHE AHEstith

Cold boxe] &HEE= WER(MNFE, inner vessel)9} 9 Z(4HH, outer
vesseZ FAE o] glom, WEet o2 Alole] ¥, AFHsiA=
Z wpgEo] MLL AlFo] =itk MLIS| F5= 30Fe= sttt
(A A winding 31 : 28~303]/cm)

232004 dga niel 22 leak testZ 3 dte] 7|UAS TR
c}.

3.1 A-F 17

Cold box©l| Fig. 3.13% -2 dvte] HIEZ S o g3,
MLIZ} Algd -9l 7 33 8 olyel, 25l 9A 224

q AFT A% 2ol 249 A 95 A

Fig. 3.1 #Al® H= 1, 2, 3& Zb7} 9 ZHE, 524, BHAE

_36..



A 3G Ad 3 4 WY

H Z ol

3gie] WP WEE Fig 3.0 ge) AdR d@Fo] ok W
717h AlEd e lo] deln 09 2EE Hxrp FEEH Sx
102 Torr 74 WE 28 Z& AETu|7|sth ol WH 3, 4= =§
Atk of WFEE WoiMy Wiy 27} @8z WlH Jo] d7 FAH
FEE Aui7ig AlEgh ojd od ZEe] HEe ¥de WF
= Aol ol AL A WIS FETh FAEH PIE SX
10 Torr 7bx AW-guj7| ). o] M En2 YolAw

w3 oWy 47} Oga% By #za 3072 X ztsith @A B

T3
W7 gg 72417 A & REFES AAEke] 5%10° Torr o4
ol g w7 L s™Ro] Z o]fo] 1 Row Eif.

_37_



A3F 49 FA 2 9

ety iR

Cold Box

we? =)

we=a

Fig. 3.1 Vacuum pumping

_38_



A3 49 3FA 2L Wd

3.2 Cool down
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Fig. 3.2 Cool down apparatus
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3.3 Insulation test
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A4g As 2 a@

4.1 A-F ¥ 7]
4.1.1 Test 1

Test 12] Zlg d}7] A& YElNE Fig. 4174 2o oz di7|
Q) 760 mmHgo A o ZE|E] PFEZE ARESte] wizigk A3 (A7
ol 48x107 Tor7h7] helo] Welx], o] RiE HZZ 7H5d
gtk olF 23A7+8 ] wls|E A3 4.83x10° Torr7hA| gfgo] =
oAt sl Ete R BB PEE 7Eearh 3Y(MATHE o =)
g A3 AEErE 49x107 Tom7bx] ZAHAG. iR e w7
25l 9Z2H valved s o)

Fig. 41014 B AAg pumpings Fdstd U3=7k thaf Hoj
2| =wi(Y#E o] A<5) ol= outgassing 52| leak WFo|t}. 3FA|TE I
Hel X By A 8] T3 F 2947 olF( 7] AR 125413
ol F)REE AFETL 65107 Torr AE 2 AATS AT 5+ 9
vt} ol AF FI7F Yo Wo]E gettere] & Z =3} outgassing 52
leak o] HHAL o] F 7] wjFolr}l. Fig, 4.2 getters & H3] A&
@ A2RE 184 g ALE vad el

B Axee] 2257 65%x10° Tor® MLI B3 A3 9 AF
X
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Pressure [Torr]

le+4
let3 4
let+2 1
le+l A
le+0 o
le-1 1

le-2 A
le-3 1
le-4 4
le-5 1
le-6 7

le-7 T T T T T T T T '
0 20 40 60 80 100 120 140 160 180

Time [hour]|

Fig. 4.1 Pumpdown behaviour of cold box on Test |
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4.1.2 Test 2, Test 3

F oA e @ 7] ArE YERY Figo 433 Zth wi7)
okel 760 mmHgoll 4 @ ZH ] HEE A}gato] wjr|g A3} 1A
7beto] 49107 Torr7h#] ¢tedo] Wol i, o|F K2y HIEZ 7}
Fatol 2427+ © w71 A3}, 46x107 Torr7bx BAEHAH,
TIPS | B Hxz w78 A3k 496107 Torr7hx] AE% 7]
G4 A}, olF WrE AdgA 27X o|FFEE 7
6.74 % 10° Torr A =2 AAaA F2 ¥ Ak

A s Age] [F w7 23E el Fig. 449 #2299

Zeg HZ3 1A7eke] 4x107 TorrA], ol T KA HEEB 26
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ELE 70X 72 W 7§ An 487X 107 Ton7hA gelo] "oz
WE Zo 27417 o] BREE AT E7} 6.55%10° Tor AR AA
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ol 28] H¥ Ay BF, dF AT FE JFEoE 45X
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Fig. 4.3
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Pumpdown behaviour of cold box on Test 2
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Fig. 4.4 Pumpdown behaviour of cold box on Test 3
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4.2 Cool down
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Fig. 4.5 Cool down behaviour of Test |
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4,22 Test 2, Test 3

T WA A8 cool down test 2 Fig. 4.6, A HA 42
cool down test A 3}+ Fig. 4.73% 2t}

F 2% B5F Test 13} {43 A5 Holw, Tlo| 78KE F =
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Fig. 4.6 Cool down behaviour of Test 2
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Fig. 4.7 Cool down behaviour of Test 3
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4.3 Insulation test

A7 lAnegAs A 4 B, GEI) W Ak F2E

(mx 0.25%%0.32) + (7x0.282x0.48) + (7 x0.15%0.6)
+ (2 1x0.16%) + (F %0.00774°x79)= 0.27432[ "]

o] 92 5%@ 0013716 m° o &, 330 d&Ed Hhel o] 3o
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