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=5 QA9 AA &Fd ) LA=EE A 2] AFE A RE(magnetocardio-gram, MCG)ghil H-&t}. o]# g
AAAAN AL FAHL AeolA a7d= A2l SQUID(Superconducting QUantum Interference Device) S AFE-3HO.
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+ A F oo 2ERE 5A4o] AFESILE 2 AgoA] AREE wols AAAE 85Fe] 30 Lojal 59Uzt
AL Frolelle 150 KF 40 Ko o]F A7 AA=Qiey. AAHA] 2ol Ae] &7F SAEANeH it
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HAsA S 218l 7384 F= ANSYS 102 ARESIGItE A wolol]l ARSH AR e HEAL] o)t ks
Hazl o ¢ s BoplA % BEE JSsl=t 8 AFE S 9l

Abstract: A magnetocardiogram (MCG) is a recording of the biomagnetic signals generated by cardiac electrical activity.
Biomagnetic instruments are based on superconducting quantum interference devices (SQUIDs). A liquid cryogenic
Dewar flask was used to maintain the superconductors in a superconducting state at a very low temperature (4 K). In
this study, the temperature distribution characteristics of the liquid helium in the Dewar flask was investigated. The
Dewar flask used in this study has a 30 L liquid helium capacity with a hold time of 5 d. The Dewar flask has two
thermal shields rated at 150 and 40 K. The temperatures measured at the end of the thermal shield and calculated from
the computer model were compared. This study attempted to minimize the heat transfer rate of the cryogenic Dewar
flask using an optimization method about the geometric variable to find the characteristics for the design geometric
variables in terms of the stress distribution of the Dewar flask. For thermal and optimization analysis of the structure,
the finite element method code ANSYS 10 was used. The computer model used for the cryogenic Dewar flask was
useful to predict the temperature distribution for the area less affected by the thermal radiation.
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Table 1 Material properties of the GFRP in

cylindrical coordinate system(g”m)
Properties Value
. S 310
Tensile strength (MPa) 5 262
. S) 151
Yield strength (MPa) 5 130
' S 18.6
Young's modulus, E (GPa) S 165
. . . ) 0.4
Poisson's ratio, v S 025
Coefficient of thermal expansion ) 5.5
(x_10°%7C) z 6.6
Density (g/cc) 1.79

4
| [P

(a) (b)

Fig. 4 Finite element model of the dewar for the
thermal analysis ; (a) Region A : axial
symmetric model of the dewar (b) Region
B : detail view of helium vessel with neck
and thermal shield

(b) (©)

Fig. 5 Finite element model of the dewar for the
thermal-structure analysis ; (a) Region A :
axial symmetric model of the dewar (b)
Region B : detail view of helium vessel
with neck and thermal shield (¢) Region C
: detail view of neck between first shield
and helium vessel
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Fig. 6 Temperature distribution of the dewar ; (a)
Region A : axial symmetric model of the
dewar (b) Region B : detail view of helium
vessel with neck and thermal shield
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Table 2 Temperature distribution at the end of
thermal shield

Position | Temperature (K)
(r,0,2) Measure'”’| FEM
First thermal shield |[(73, 0, 795) 88 109
temperature at the end| (75, 0, 25) 139 125
Second thermal shield | (72 0, 700) 46 45
temperature at the end| (85, 0, 25) 83 47
300
250
< 200
§ 50 1stthermal shield
% Y
- 100 2nd thermal shield
50 v
0

20 30 40
Depth from the top (cm)

50 60

Fig. 7 Temperature distribution along the neck from

top of the dewar
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Table 3 Comparison of initial value and optimized

value
. nitial | OPU™
Properties zed
value
value
Thickness of neck, t; (mm) 5.0 3.8
Radius of neck, r; (mm) 65.0 | 62.6
Thickness of main reservior, t;
3.0 23

(mm)

Radius of main reservior, r» (mm) | 146.0 | 145.1

Radius of tail, r3 (mm) 65.0 | 71.1
Max. Stress (MPa) 113.0 | 129.0
Heat transfer rate (W) 1.38 | 1.02
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