Two—-phase Critical Flow with Non—-condensible Gas
on Sharp Edged Short Pipe Geometry
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Abstract

The critical flow test facility was designed and constructed for simulating the pipe
break accident of SMART reactor which was designed for the purpose of producing



fresh water from the sea as well as electricity. And also, the experiments of
two-phase critical flow under the influence of non-condensible gas were performed.
The requirements of the critical flow test are 7~20mm pipe break dia., 7~12MPa
stagnation pressure, 0~60C subcooling degree and 0~0.5kg/s N2 gas flow rate. The
important components of the test facility are the pressure vessel which has main
circulation line, the test section attached to the bottom of the pressure vessel,
suppression tank, the N2 gas supply tanks for maintaining the system pressure and
N2 gas flow rate at test section and the N: gas filling system. The test section is
sharp edged pipe type which has the dimension of 1D.=20, L=300mm. The test
conditions are 4, 7, 10 MPa at stagnation pressure, 0, 20, 50 C of subcooling degree
and 0.028~0.39 kg/s of N: injection gas flowrate. The measured data at test section
and other components in terms of pressure, temperature and flowrate were collected
in DAS computer with maintaining the steady state conditions at least 60 seconds.
From the test results, the critical characteristics of the break pipe were analysed and
verified the capacity of the test facility. The calculated results of typical critical flow
models i.e., HEM, Moody and Henry-Fauske were compared and discussed with the
experimental results of critical flow without non—-condensible gas for the verification
of traditional critical flow models.
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Location Tag Name Variable Model Calibration Range Error Remarks

Pressure Vessel PT102 P Rosemount 3051PG5 0~120 bar +0.05%
(PV-110) TE113 T Watlow, K-type, Unground, Special 0~400 T +0.4%

Hoffer, HO1X1-30-B-1(RPR51S)-F25CS-CE based on 171

m HIT-2-5-C-4-CE-F 0012067 ke/s 2% bar, 875 T

Gas Injection Line

TG T Watlow, K-type, Unground, Special 0~400 T +0.4%

based on 120

FT301 m Probar, PBR+26S 0~42 kg/s £0.5% bar,
320 T

PO P Rosemount 3051CG5 0~138 bar +0.05%
Pl P Rosemount 3051CD4 0~20.7 bar +0.05%
P2 P Rosemount 3051CD4 0~20.7 bar +0.05%
P3 P Rosemount 3051CD4 0~20.7 bar £0.05%
P4 P Rosemount 3051CD4 0~20.7 bar £0.05%
P5 P Rosemount 3051CD4 0~20.7 bar £0.05%
P6 P Rosemount 3051CD4 0~20.7 bar +0.05%
P7 P Rosemount 3051CD4 0~20.7 bar +0.05%
P8 P Rosemount 3051CD4 0~20.7 bar +0.05%
P9 P Rosemount 3051CD4 0~20.7 bar £0.05%
Test Section P10 P Rosemount 3051CD4 0~20.7 bar £0.05%
P11 P Rosemount 3051CD4 0~20.7 bar £0.05%
P12 P Rosemount 3051CD4 0~20.7 bar +0.05%
P13 P Rosemount 3051CD4 0~20.7 bar +0.05%
P14 P Rosemount 3051CD4 0~20.7 bar +0.05%
P15 P Rosemount 3051CD4 0~20.7 bar £0.05%
P16 P Rosemount 3051CD4 0~20.7 bar £0.05%
PL P Rosemount 3051CG4 0~20.7 bar £0.05%
TO T Watlow, K-type, Unground, Special 0~400 T 20.4%
T1 T Watlow, K-type, Unground, Special 0~400 T 20.4%
T2 T Watlow, K-type, Unground, Special 0~400 T 20.4%
T3 T Watlow, K-type, Unground, Special 0~400 T +0.4%
T4 T Watlow, K-type, Unground, Special 0~400 T 20.4%

P = Pressure,

T = Temperature,

m = Mass Flow Rate




3 2. Test Matrix (T1)

Test Run

Test Case

100 bar,

100 bar, 20

Saturated

> Subcooled

100 bar, 50 T Subcooled

2 Reference,

2 Reference,

2 Reference,

3 Injection

4 Injection

2 Injection

70 bar,
70 bar, 20

70 bar, 50

Saturated

C Subcooled

T Subcooled

2 Reference,

2 Reference,

3 Injection

3 Injection

4 Injection

40 bar,
40 bar, 20

40 bar, 50

Saturated

T Subcooled

C Subcooled

2 Reference,
1 Reference,
1 Reference,
1 Reference,

3 Injection
6 Injection

4 Injection

T1 = Test

Reference

Section 1 : Sharp Edged, $20x300L

Critical Flow without Non-condensible Gas

Injection - Critical Flow with Non-condensible Gas
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3. Test Section
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4. Thermocouple and Pressure Tap Locations

at Test Section (ID=20, L=300 mm)
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Mass Flow Rate (kg/s)
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(&) Pressure Control at Pressure Vessel
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(b) Tenperature Variation at Pressure Vessel

(d) Coolant Mass Flow Rate
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(a) Pressure Distribution at T/S

X
PV ——
90 -
b —+—Ref. Case
—=#— Injection 1
Injection 2 .
L L L L L n
88
-50 0 50 100 150 200 250 300 350
Distance (mm)
719 6. Test Section ¥&l, <
(a) Ps =40 bar (Tsat =230 'C)
25
& dT=0
L 20 B d7=20
g A dT=50
Q A
‘@‘ 15
: . .
T 10 N
s 5 =
S s AR ¢
(@]
0 . . .
0 005 01 015 02
N2 Gas Injection (kg/s)
(b) Ps =70 bar (Tsat = 286 ‘C)
25
*dT=0
= 2 ®dT=20
<L A A dT=50
g A
@ A
g1 ] .
2
o [ ] -
w
= 10 oo -
& <
[=]
3 s
0
0 005 01 015 02
N2 Gas Injection (kg/s)
(c) Ps =100 bar (Tsat = 311 'C)
25
*dT=0
® dT=20
» A A
20 A dT=50
< 1 -
% 15 ] -
2 -
o
[T T * . -
€
8
8
8 s
0
0 005 01 015 02
N2 Gas Injection (kg/s)
—_— O == = O = 7V 4 O =]
a9 7 0SS FARTe) hE YA fFast

(b) Temperature Distribution at T/S
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