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Abstract

Ice-plugging of tube in nuclear power plant has been widely used for the purpose of preventing
flow of the tube temporarily like a valve. Most common plugging method employs Liquid Nitrogen
Gas of -196°C. According to the change of tube materials and its dimension, the thermal stress caused
from the application of the frozen gas can be varied. In this research, a series of experiments have
been carried out to inspect the effect of tube geometry on thermal stresses induced due to ice-plugging.
Two typical dimension of stainless and mild steels of 3 and 6 inch diameters were used for the
experiments. Each critical spots were checked using strain rosette gages. Another inspection was made
on the pressure and temperature of the fluid. It is shown that significant thermal stress level which can
cause plastic deformation of failure has not been noticed in this series of experiments.
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Table 1 Material properties of SUS-304.

Value
Tensile Modulus 197,000 MPa
Tensile Strength 490 MPa

24 C 205 MPa
-196 C 433 MPa
24 C 658 MPa

Yield Strength

Ultimate Strength

-196 C 1524 MPa
Max. Temperature 800 C
Thermal Expansion
Coefficient( a ) 17.8%x10°
(0~3167C)
Density 8.0 g/em’
Elongation 24 C 855 %
-196 C 48.1 %
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Fig. 1 Layout drawing for the test apparatus.
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(a) Freeze jacket

(6 inch)

(b) Freeze jacket
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Fig. 4 Freeze jacket apparatus.
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Fig. 6 Picture of the frozen pipe.
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Table 2 Comparison of diameter before and after
test.

3 inch | 6 inch
pipe pipe

Inner diameter| 76.20 | 152.40
Thickness 7.60 10.90

Base dimension

Before Center 89.02 | 168.19
Outer test Around 88.99 | 167.31
Just after Center 88.80 | 168.03
Around 89.03 | 168.01
experiments | 48 hours Center 89.04 | 168.02
after test Around 89.05 | 167.07
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Table 3 Comparison of the tests.

Test ?ipe Strain gage Initial/final/max. Frozen. time |LN: consumption mﬁ :g:z::::
(inch) No. temperature(C) (min) kg) stress(MPa)
P2 32.30/0.00
2 6 3 18/-78/200 164.8 350.4 32.25/0.00
Pl 39.23/38.94
P2 101.04/39.20
3 6 P3 16/-20/200 109.0 3136 70.06/39.20
P4 39.20/24.51
P5 39.20/38.88
Pl 0.97/0.00
P2 31.14/0.00
4 6 P3 16/-196/16 50.0 12.94/0.00
P4 3.34/0.00
PS5 12.10/0.00
P1 33.80/29.24
P2 54.62/44.24
5 3 P3 14/-15/202 60.0 139.0 46.86/43.15
P4 44.58/44.24
P5 50.69/44.05
Pl 5.05/0.00
P2 0.48/0.00
6 3 P3 14/-72/14 15.0 21.03/0.00
P4 0.65/0.00
PS5 7.59/0.00
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