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An Experimental Study of Two—Phase Critical Flow with Non-Condensable
Gas in a Small-Diameter Pipe at High Pressure and Normal Temperature

2TAH WFdA] H&FTt o) dfrs Al
ojFo Tt 7]ES] FmdAHEATA dAFF HFLA ZAE
T2GDMo] 7]&e] Algd) T2¢9 37 AFEHAY. 712& S48 A dded=
2], BARA HE7], AlsAEGH 2 o|F AR FAHAG. Avkd HE
712& SAAINE dAFFe] FA4E AFAH TN AR ZE27F T E
< HoFEr 7 Al Y T29F T2GDMS ol&3ste] A+ A3 dolert Aty 23
Ade =g S wE dASFEe] F48 Hise d4e HolFa Yt
MARS2.1 ZEE o] &3}y Yo dAFH 29 = MARS21°] AA
fEErdz A48 249 Henry-Fauske R do] H]$-3=47]4

& & oS3t dv vk, HESAVIA FHH =

43 SdEsn ke S nelFuh,

rr
o
N
2
Ho

Abstract

An experimental study is performed on two-phase critical flow with non-condensable
gas in a small diameter pipe at high pressure and normal temperature. T2GDM, which
is a test section for measuring void fraction inside, is used on KAERI non-condensable
gas two-phase critical flow test facility which has the existing test section T2. The
gamma densitometer for void fraction measurement is composed of a sealed gamma ray
source, a shielding equipment, a radiation detector, a signal processing unit and a
traversing system. The measurement results show that a lot of void is generated while
passing through the test section. Experimental data of critical flow rates are generated
using two test sections of T2 and T2GDM. The results show that the critical flow rates
decrease rapidly with the increase of the volumetric gas fraction. The experiments are
simulated with the MARSZ2.1 code. The simulation results show that the modified



Henry-Fauske model in the MARS2.1 code predicts well the measured critical flow rates
when the non-condensable gas is not injected, while it over-predicts the flow rates

when the non-condensable gas is injected.
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T 1 AR AFEA g AFT] AFE
Location Tag | Variabl Model Calibration Error Remarks
Name e Range
PT102 | Press. | Rosemount 3051PG5 [0~120 bar| +0.05%
Pressure Watl Kt
Vessel [ TE113 | Temp. atlow, WD 0400 C | +0.4%
Unground, Special
Connecting ) N _ L=, | Calibrated at
Line FT301 | Flow Probar, PBR+26S |0~42 kg/s| £0.5% 190bar, 320C
Hoffer,
HO1X1-30-B- )
0.012~0.67 Calibrated at
. B o 1+90
Gas FT202 | Flow |1(RPR51S)-F25CS-C ke/s 2% 175bar, 875C
Injection E‘ .
Line HIT-2-5-C-4-CE-F
TGI | Temp. | WatoW: Kotvpe, 1 00 ¢ | +0.49
Unground, Special
PO Press. | Rosemount 3051CGH [0~ 138 bar| +0.05%
P1-P16| Press. | Rosemount 3051CD4 [0~20.7 bar| +0.05%
PL | Press. | Rosemount 3051CG4 [0~20.7 bar| +0.05% ms‘taélgd at
Test Watlow, K-t
Section | TO-T4 | Temp. atlow, WD 0400 C | +0.4%
Unground, Special
GDM Void Single-Beam 00 - 10 | NA installed at

fraction

Gamma-Densitometer

T2GDM




¥ 2. A T2GDME o] &3 dAF= A4
Test ID|Duration| # of ar. |[PT_102|TE_113| TG1|FT_301|FT_202|FT crit| Void
(sec) |data| Val\] MPa) | (C) |(C)| (kg/s)| (kg/s) | (kg/s) |Fraction
T2GDM| 543 | 544 | Ave.| 3.796 | 20.42 [20.92] 4.987 | 0.0000 | 4.987 | 0.0000
-40-A Std. | 0034 | 007 |0.16] 0.09% | 0.0000 | 0.096 | 0.0000
T2GDM| 192 | 193 [Avg. | 3.769 | 2041 [21.39] 2.993 | 0.0469 | 3.040 | 0.2469
-40-B std. | 0023 | 011 [0.10] 0075 | 0.0012 | 0.075 | 0.0073
T2GDM| 36.1 | 362 |Ave.| 3.803 | 20.42 [20.61] 2.167 | 0.1001 | 2.267 | 0.4111
-40-C Std. | 0020 | 011 [0.16] 0.054 | 0.0004 | 0.054 | 0.0060
T2GDM| 101 | 102 | Ave.| 3.842 | 20.27 [20.78] 3.117 | 0.0469 | 3.164 | 0.2366
-40-D Std. | 0019 | 0.14 [0.09] 0.044 | 0.0002 | 0.044 | 0.0026
T2GDM| 126 | 127 | Avg.| 3.860 | 20.37 [20.55] 2.268 | 0.0951 | 2.363 | 0.3949
~40-FE Std. | 0017 | 014 [013] 0.047 | 0.0020 | 0.047 | 0.0083
T2GDM| 631 | 632 | Avg. | 6.805 | 21.05 [21.51| 6578 | 0.0000 | 6578 | 0.0000
~70-A Std. | 0080 | 0.15 [0.13] 0.170 | 0.0000 | 0.170 | 0.0000
T2GDM| 17.1 | 172 | Ave.| 6.841 | 21.02 [21.98] 4.991 | 0.0540 | 5045 | 0.1174
-70-B Std. | 0047 | 014 [015] 0.125 | 0.0002 | 0.125 | 0.0026
T2GDM| 351 | 352 |Avg.| 6.867 | 21.06 [21.58] 4.023 | 0.1051 | 4.128 | 0.2179
~70-C Std. | 0036 | 015 [0.11] 0.083 | 0.0034 | 0.083 | 0.0066
T2GDM| 21.1 | 212 [Ave.| 6.882 | 21.15 [21.22] 6527 | 0.0000 | 6527 | 0.0000
~70-D Std. | 0015 | 014 [015] 0.195 | 0.0000 | 0.195 | 0.0000
T2GDM| 20.1 | 201 [Ave.| 7.161 | 21.20 [21.43] 6.830 | 0.0000 | 6.830 | 0.0000
~70-E Std. | 0100 | 0.13 [0.16] 0.128 | 0.0000 | 0.128 | 0.0000
% 3 AuAREAE ol&s AFs SAHAY
A 9He Test ID A5 A A& A&
(bar) (A A) (34 (#04 sec) | (F=HAD
T2GDMAAO=A 66119 112 1483.1 55.45
(a = 0.0)
T2GDM-40-B | 56229 37 1519.7 49.71
T2GDM-40-C | 113757 74 1537.3 55.51
40 T2GDM-40-D | 39561 % 1521.6 56.59
T2GDM-40-E | 39894 26 1534.4 67.52
TZGD}“"”’F 266770 171 1560.1 49.42
(a = 1.0)
T%DEWJO’A 198756 134 1483.3 61.79
(a = 0.0)
70 T2GDM-70-B | 51167 34 1504.9 63.82
T2GDM-70-C | 103401 68 1520.6 57.31
TZ((L’IDFIE?_F 752163 482 1560.5 57.46




¥4 AuAREAE ol &3 Vxs FAHAET
FHAE o] &3 AutAE A S o] &3
Test 1D 71E& AAx 7NE8& =443 (x = 05 m)
A3Edg 9H 3t ZA a2 (%)
TZC’DEWM_A 0.0000 0.0000 4.85
(a = 0.0)
T2GDM-40-B 0.2469 0.4753 8.34
T2GDM-40-C 0.4111 0.7035 5.87
T2GDM-40-D 0.2366 0.4997 9.95
T2GDM-40-E 0.3949 0.6662 9.90
T2GDM-40-F 1.0000 1.0000 3.83
(a = 1.0)
TZGDM%’A 0.0000 0.0000 4.42
(a = 0.0)
T2GDM-70-B 0.1174 0.2804 8.71
T2GDM-70-C 0.2179 0.4835 6.13
TZ(’DEVI_7O_F 1.0000 1.0000 2.27
(a = 1.0)
¥ 5. Agd T2E o] &% dAFH AgAas
Test |Duration| # of Var|PT_102|TE_113| TG1 |FT_301 |FT_202 |FT_crit| Void
1D (sec) |data| ValN] MPa) | (C) | (C) | kg/s) | (kg/s) | (kg/s) |Fraction
T2-40| 225 | 226 | Ave. | 3747 | 19.90 |2855| 4.991 | 0.0000 | 4.991 | 0.0000
-A Std. | 0048 | 010 | 015 | 0.034 | 0.0000 | 0.034 | 0.0000
T2-40| 205 | 206 | Ave. | 4.188 | 20.45 [22.84| 5253 | 0.0000 | 5253 | 0.0000
B Std. | 0.100 | 008 | 052 | 0.189 | 0.0000 | 0.189 | 0.0000
T2-40 7.7 78 | Ave. | 4109 | 2045 [2551] 3.171 | 0.0508 | 3.222 | 0.2337
-C Std. | 0026 | 007 | 022 | 0024 | 0.0004 | 0024 | 0.0013
T2-40| 187 | 188 | Ave. | 4111 | 2046 [2595| 4.004 | 0.0163 | 4.021 | 0.0788
-D Std. | 0023 | 009 | 016 | 0.121 | 0.0029 | 0.121 | 0.0139
T2-40| 258 | 259 | Ave. | 4132 | 20.69 [26.08| 2351 | 0.0930 | 2.444 | 0.3818
-E Std. | 0022 | 026 | 015 | 0.038 | 0.0006 | 0.038 | 0.0038
T2-70| 443 | 444 | Ave. | 6981 | 1883 [21.22] 6.665 | 0.0000 | 6.665 | 0.0000
-A Std. | 0073 | 009 | 036 | 0.176 | 0.0000 | 0.176 | 0.0000
T2-70] 17.1 | 172 | Ave. | 7.009 | 1898 [26.11] 4934 | 0.0572 | 4991 | 0.1231
B Std. | 0043 | 015 ] 031 | 0.111 | 0.0024 | 0.111 | 0.0061
T2-70| 357 | 358 | Ave. | 7.020 | 19.18 [27.32] 4326 | 0.0839 | 4.410 | 0.1805
-C Std. | 0036 | 009 | 018 | 0.097 | 0.0068 | 0.097 | 0.0124
T2-70| 355 | 356 | Ave. | 7.010 | 19.83 [27.19] 6.725 | 0.0000 | 6.725 | 0.0000
-D Std. | 0007 | 015 | 015 | 0.095 | 0.0000 | 0.095 | 0.0000
T2-70| 132 | 133 | Ave. | 6677 | 2031 [27.39] 3855 | 0.0732 | 3.928 | 0.1862
-E Std. | 0089 | 031 | 0.11 | 0049 | 0.0020 | 0.049 | 0.0047
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