CRYOGENIC ENGINEERING

Tutorial

I A spherical LN2 vessel (e=0.8) is as
shown. The inner and outer radii are
1.2m and 1.6m respectively. Compare

. and comment on the heat in leak for the
| following cases.

e Perlite (26 mMW/mK)

« Less Vacuum (1.5mPa)

« Vacuum alone

 Vacuum + 10 shields (e.,=0.05)
 Evacuated Fine Perlite (0.95 mMW/mK)
« 50/50 Cu — Santocel (0.33 mW/mK)
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CRYOGENIC ENGINEERING

Tutorial

Apparatus : Spherical vessel (e=0.8)
Working Fluid : Liquid Nitrogen
Temperature : 77 K (inner), 300 K (outer)

Calculate heat in leak

Perlite (26 mMW/mK)

Less Vacuum (1.5mPa)

Vacuum alone

Vacuum + 10 shields

Evacuated Fine Perlite (0.95 mW/mK)
50/50 Cu — Santocel (0.33 mMW/mK)

« The shape factor between the two containers is
assumed to be 1.
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CRYOGENIC ENGINEERING

Tutorial
ILI Perlite (k, = 26mW/m-K)
0-25m| : s00k® Sphere - R;=1.6m, R,=1.2m, k,,
|| I AT=(300-77)=223.

47k, RR,AT

Q=

47(26)(107°)(1.6)(1.2)(223)
; (1.6-1.2)
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CRYOGENIC ENGINEERING

Tutorial
| Less Vacuum (1.5mPa)
O.25m|ITI

il s300k® Sphere - R;=1.6m, R,=1.2m,

The net heat transfer is due to both
J/ radiation and residual gas conduction.

)

5 -1
12y(1 1)) Lo,
1.6 0.8
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CRYOGENIC ENGINEERING

Tutorial
| Less Vacuum (1.5mPa)
O.25m|ITI

s00Kk® Sphere - R;=1.6m, R,=1.2m,
) e]_:eZ:O-S; T1:77 K, T2:300 K.
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CRYOGENIC ENGINEERING

Tutorial
ILI Less Vacuum (1.5mPa)
0-25m| | s00k® Sphere - R;=1.6m, R,=1.2m, T,=77 K,
™ T,=300 K, p=1.5 mPa.

~ (18.47)(10°) (7 (287.6)(300)) "
/I_W[f] =4.53

e |t is clear that the mean free path (A) is
greater than distance between the
surfaces (0.4m).
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CRYOGENIC ENGINEERING

Tutorial
ILI Less Vacuum (1.5mPa)
0-25”" | s00k® Sphere - R;=1.6m, R,=1.2m, T,=77 K,
™ T,=300 K, p=1.5 mPa.

300 0.8-0.9
/8 1.0
20 1.0
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CRYOGENIC ENGINEERING

Tutorial
Less Vacuum (1.5mPa)

I
0-25m|ITI300K- Sphere - R;=1.6m, R,=1.2m, T,=77 K,
=l | I T,=300 K, p=1.5 mPa.

287.6

W] ' (0.91)](1.5)(103)(30077)

Q,. =0.356W
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CRYOGENIC ENGINEERING

Tutorial
| Vacuum alone
O.25m|ITI

s00k® Sphere - R;=1.6m, R,=1.2m, K,,
I8l T1:77K1 T2:3OOK1 el1 6220'8’ F192:1'

Q=FF_,0A (T24 _T14)

Vacuum + 10 shields

¢ e,,6,=0.8, e,=0.05. RAANUE
Q=11.02W
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CRYOGENIC ENGINEERING

Tutorial
Evacuated Fine Perlite (k, = 0.95mW/mK)

s00k® Sphere - R;=1.6m, R,=1.2m, K,4,
™ AT=(300-77)=223.

Q_47zk RRAT 19 7W

. 50/50 Cu — Santocel (k, = 0.33mW/m-K)

« Sphere - R;=1.6m, R,=1.2m, Kk,,
AT=(300-77)=223.

o 47rkRRAT O = 4.41W
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CRYOGENIC ENGINEERING

Tutorial
Perlite 349.7 W
Less Vacuum (1.5mPa) Q,—2648 W
Qgyc=0.356 W

Vacuum alone 2648 W
Vacuum + 10 shields 11.02 W
Evacuated Fine Perlite 12.7 W
50/50 Cu — Santocel 4.41 W
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