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Study on the Flow Instability in a Once-Through Steam Generator
for Integrated Type Marine Water Reactor
(Part 3. Analysis of Steady State Performance)

By
Takeshi MATSUOKA, Hideki NARIAI and Michiyuki KOBAYASHI

Summary

An analysis was performed for the steady state performance in a once-through steam
generator for Integrated Type Reactor.

One dimensional model was applied to the feed water flow of the steam generator.
Thermodynamic equilibrium was assumed in the feed water flow. The separated flow

model was applied to two-phase flow, in which the slip ratio is greater than 1. Flow patt-

erns are antomatically determined in the computer program. Five calculation meth-
ods, Martinelli-Nelson, Kozeki, Thom, Chisholm and Baroczy’s methods, are avail-

able in this program for two-phase flow frictional pressure drop. Three correlations,

Nishikawa, Thom, Jens-Lottes Cottes Correlatinos, are available for nucleate boiling.

From the results of the analyses, the followings were concluded. Kozeki and
Martinelli-Nelson’s methods well predicted the experimental results for two phase flow
pressure drop. Three correlations for nucleate boiling brought almost same analytical
results one another.
tion as the flow rete increased. This analysis method could accurately predict the

experimental results.

The dry-out position was predicted to shift the lower quality posi-
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Table 1. Friction factors.
" A= 64 Bi#  Re < 2300
Re
1 2.51 .
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_ 64 . L L "
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Table 2. Values of two phase multiplier ¢%. Martinelli-Nelson.

Pressure
Quality %) (psia) 14.7 100 500 1000 1500 2000 2500 3000 3206
1 5.6 3.5 1.8 1.6 1.35 1.2 1.1 1.05 1.0
5 30 15 5.3 3.6 2.4 1.75 1.43 1.17 1.0
10 69 28 8.9 5.4 3.4 2.45 1.75 1.30 1.0
20 150 56 16.2 8.6 5.1 3.25 2.19 1.51 1.0
30 245 83 23.0 11.6 6.8 4.04 2.62 1.68 1.0
40 350 115 29.2 14.4 8.4 4.82 3.02 1.83 1.0
50 450 145 34.9 17.0 9.9 5.59 3.38 1.97 1.0
60 545 174 40.0 19.4 11.1 6.34 3.70 2.10 1.0
70 625 199 44.6 21.4 12.1 7.05 3.96 2.23 1.0
80 685 216 48.6 22.9 12.8 7.70 4.15 2.35 1.0
90 720 210 48.0 22.3 13.0 7.95 4.20 2.38 1.0
100 525 130 30.0 15.0 8.6 5.90 3.70 2.15 1.0
Table 3. Values of two phase multiplier ¢ . Thom.
Pressure
Quality () (psia) 250 600 1250 2100 3000
1 2.12 1.46 1.10 1.0 1.0
5 6.29 2.86 1.62 1.21 1.02
10 11.1 4.78 2.39 1.48 1.08
20 20.6 8.42 3.77 2.02 1.24
30 30.2 12.1 5.17 2.57 1.40
40 39.8 15.8 6.59 3.12 1.57
50 49.4 19.5 8.03 3.69 1.73
60 59.1 23.2 9.49 4.27 1.88
70 68.8 26.9 10.19 4.86 2.03
80 78.7 30.7 12.4 5.45 2.18
90 88.6 34.5 13.8 6.05 2.33
100 98.86 38.30 15.33 6.664 2.480
i3x, P, GOBEE L TRRE N TV 5 2O FRERH
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Table 4. Values of two phase multiplier ¢%. Baroczy.
g:f; Fklgc;vgls 0.339 X 10° 0.678 X 10° 1.356 X 10°
Pressure
Qualigi)—sia) 20 30 50 60 20 30 50 60 20 30 50 60
100 64 42.8 | 26.5 |21 64 42.8 |26.5 |21 64 42.8 |26.5 |21
80 60 41 |25 20.6 |59 41 25 20.5 |55 38 23 19
60 53 38 |23 19.7 | 51 37 22 19 46 33 20 17
40 48 35 | 22.5 |18.6 |44 32 21 17 37 27 17 14
30 40 29 |19 15.7 |36 26 17 14 30 21.6 |14 11.5
20 33 24 |14.3 [11.8 |29.6 |21 13 10.4 |24 17.3 [ 10.3 | 8.4
15 27 20 |[11.6 | 9.7 | 24 18 10.3 | 8.5 |19.5 | 1435 | 8.4 | 6.9
10 21 13 8.3 | 6.8 |18.5 |12 7.3 | 5.9 |15 9.7 | 6.0 | 4.9
7.5 15 941 6.5 | 54 |13.6 | 9.1 | 5.8 | 4.8 |11.3 | 7.5 | 4.8 | 4.0
5 10 6.6 4.9 | 4.2 | 9.8 | 6.8 | 4.4 | 3.7 | 84 | 5.7 | 3.7 | 3.1
3.5 7.7 | 50| 37 | 33 ] 76 | 51 | 3.4 3.0 | 6.4 | 4.3 | 2.85| 2.5
2 57| 37| 28 | 25 | 56| 38| 26| 23| 47| 3.2/ 2.2 1.9
1 3.9 | 25| 22 | 2.0 | 3.8 | 2.6 | 1.98| 1.78| 3.2 | 2.2 | 1.7 | 1.55
0.5 3.0 | 2.1 ] 1.81) 1.74| 2.9 | 2.1 | 1.64| 1.56| 2.5 | 1.8 | 1.45| 1.39
0.1 1.63| 1.5 | 1.39| 1.39| 1.51| 1.39| 1.27] 1.25] 1.37| 1.25| 1.15| 1.14
G i3, EBRAMIZLY, BBROICE2 HATobEkK Table 5. Efcﬁlmgﬁ’;f{ﬁ@;fles of
TERSCTRTRIZEZ 5N TwW5,
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s b
Suee(Per)) X (P—11)/(P.r—11) 10) Gé;& > 2000kg/ms .
0.5
—F e (11) 12DV T G/io <> ;&i/k\;?mzj 9
Bue (11) = e (11)/ X, 097 0 o (Vv 2000 X A/G

DB HHILL T b, 72771
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Table 6. Heat transfer coefficients at single phase flow.
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Table 9. Experimental condition.

g o e | ATRE|R O EARED MoE 1 K W ORI e B B

’ T kg/ h kg/cmt kg/ew | TO1 | TO2 | TO3 |[fi m k& m

1] I-5-31-20-07| 70.71 | 193.58 | 52.83 | 50.38 | 308.37 | 306.64 | 308.32 | 4.8991 | 11.823
2| I-5-31-32-11| 58.78 | 290.55 | 55.53 | 50.58 | 307.38|304.17 | 307.28 | 6.9366 | 20.216
3] I-5-31-38-37| 151.0 | 359.52 | 58.07 | 50.49 | 307.38|302.93|307.24 | 6.7778 | 26.647
4| 1-5-30-44-05| 152.5 | 411.13 | 59.12 | 50.30 | 297.49|293.04 | 297.34 | 9.0676 | 45.938
5| 1-5-31-60-38| 221.26 | 538.86 | 64.65 | 50.47 |307.14|301.70 | 306.96 | 7.7591 | 48.228
6| I-3-28-20-23| 121.0 | 202.38 | 34.91 | 30.58 |277.21|274.73|277.12| 4.572 | 17.113
7| 1-3-28-30-03| 121.7 | 300.07 | 39.02 | 30.57 | 276.46 | 272.50 | 276.33 | 5.8619 | 30.712
8| I-3-29-36-06] 121.21 | 350.33 | 41.77 | 30.51 |287.10]282.4 |286.95| 7.0768 | 29.376
9| I-3-28-40-141 121.21 | 396.4 42.62 | 30.58 | 276.96 | 271.76 | 276.79 | 9.2078 | 46.429
10 1-2-27-23-03| 104.38 | 225.93 | 28.54 | 20.91 |272.01|269.29|271.92| 4.7122 | 16.413
11| I-2-27-29-01| 104.38 | 278.56 | 31.04 | 20.80 |272.01| 268.55|271.9 | 5.8524 | 22.329
12| 1-2-28-32-05| 104.1 314.52 | 33.60 | 20.919 | 282.15 | 278.19 | 282.02 | 5.9833 | 22.039
13| [-2-27-37-04 | 104.38 | 369.26 | 35.21 | 20.76 | 272.26 | 267.06 | 272.09 | 8.0489 | 35.937
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Difference Between Experimental Results and Calculations. (%)
APrp . Kozeki, a;: Nishikawa’s Eq.
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Difference between Experimental Results and Calculations. (%)
Dry out position is dependent on the mass flow rate.

APre . Kozeki, a;: Nishikawa’s Eq.
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Table Al. Subroutines and function subrogram-
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Fig. A1 Flow Diagram of ASCOTS Code.
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Fig. A2
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Fig. A3 Calculation Procedure at one Segment
of the Secondary Flow Tube.
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STATIC CHARACTERISTICS OF STEAM GENERATOR

TEST NUMBER 1-5-31-20-07 TEST DATE  $52-10-19
INLET TEMPERATURE =  70.71 HEAT TRANSFER COEFFICIENT AQ1 = 2800.0000 ¢ = 2,99
INLET PRESSURE = 52.83 AD2 = 5500.0000 IR =59 ,447
MASS RATIO OF FLOW = 193,58 AD3 = 2800.0000 ZEND=68,658
TTT7 7 PRIMARY CODLANT TEMP,®~ 308.37 306,64 308,32 XpO = 0.99 R =0.2974
P20UT = 50.38 DI =0.0194, 0.0143
DO =0.0200
° HEAT TRANSFER COEFFICIENT  NISHIKAWA'S E@. THETA= 0.0 ., 1.5710, 0,0171,-1.5710
PRESSURE DROP STATE3  TARASOVA STATE4=6 BAROCZY HEAT
7 P T TWI TWO ® RUALITY voiIp VOL.F.T. MASS F.T. VEL.L. VEL.G.
M KG/CMu#2 DEG DEG DEG KCAL/M##2 H SEC SEc M/H M/H
-2.898 52,830  70.71
TTSIVIIE T 5208290 T0.71
-0.525 52,771 70.71
0.0 52.770  70.71 188.95 234,56 0.2890D+06 -0.53 0.0 0.0 0.0 1230.5 0.0
04100 52.770  77.40 189.97 235.15 0.28650+06 -0,51 0.0 0.29 0.29 1235.5 0.0
0,500 52.808  103.26 196.43 238,96 0.2707D+06 -0,45 0.0 1.45 1.45 1257.9 0.0
0.601 52,817  109.51 198.49 240,18 0.2657D+06 -0,43 0.0 1.74 1.74 1264.0 0.0
TTULTOI T UUSZLBIE 115,57 200,85 241,46 0.2605D+06 ~0,42 0.0 2.02 2.02 1270.2 0.0
1.000 52,844  132.84 207.53 245.56 0.2437D+06 =0.37 0.0 2.86 2.86 1289,4 0.0
17500 52,890 158,81 219.53 252,74 0.2144D+06 -0.30 0.0 4.24 4,24 1322.8 0.0
2.000 52.934  181.13 231.05 259,68 0.1862D+06 ~0.24 0.0 5.58 5,58 1356,5 0.0
TTZLS00 TUTSZ2.97T 0 200.10  241.47 265,97 0.1604D+06 -0.19 0.0 6.89 6.89 1389.6 0.0
2,694 52,993 206,63 245.17 268,21 0.15120+06 -0.17 0.0 7.39 7.39 1402.1 0.0
TTZU996 52,993 T 215,97 1 255.40 282,94 0.1823D+06 -0.15 0.0 8,16 8.16 1421.2 0.0
3.000 52,993 216,12 255.48 282.98 0.1820D+06 -0.15 0.0 8.17 8.17 1421.5 0.0
TTTEUS00 T 520992 233.47  264.83  287.26 0.1492D+06 -0.10 0.0 9.42 9.42 1461.2 0.0
“TSTARTING POSITION OF NUCLEATE BOILING
3.634 52.991  237.47 267.03 288,27 0.1415D+06 -0.09 0.0 9.75 9.75 1471.3 0.0
TUEO00 T 7529990 247,51 270,88 290.04 0.1279D+06 -0.06 0.0 10.64 10.64 1498.4 0.0
“"STARTING PNSITION OF FULLY DEVELOPED BOILING
44219 52.990 253,23 271.28 290,23 0.1265D+06 -0.04 0.0 11.16 11.16 1515.0 0.0
TTEUS00 TUU52.989 7280432 2T1.51  290.34 0.1257D+06 -0.02 0.08 11.78 11.80 1665.0 2628.1
“TSTARTING PUSITINN OF SATURATED BOILING
44747 52.988  266.33 271.59 290.38 0.1255D+06 0.0 0.19 12.24 12.30 1888.4 34337
5000 T 52.986 266,33 271,59 290,39 0.1255D+06 0.02 0.30 12.60 12.74 2149.4  4267.4
5.500 52,981 266,32 271.58 290,39 0.1256D+06 0.06 0.51 13.13 13,43 2987.2 5073.7
TUTEL000 T T752.97T3 266431 271.58 290,39 0.1256D+06 0.09 0.61 13,50 13.96 3591.7 7069.1
6.500 52,964 266,30 271.57 290,40 0.12570+06 0.13 0.67 13,78 14.40 4111.4  8953.7
TTTI0000 T 52.952° 286,28 271.55 290,40 0.12580+406 0,17 0.72 14.00 14,78 4583.1 10766.9
7.500 52,938 266,27 271.54 290,40 0.12590+06 0.21 0.75 14.18 15.11 5023.8 12529.4
BL000 520922 266.25 271.52  290.40 0.,1261D+06 0.24 0.78 14,34 15,41 5443.1 14254,0
8.500 52,905  266.23 271.50 290,40 0.12620406 0.28 0.81 14.47 15.67 5846.8 15949,6
79,0007 520886 266,21 271.48 290,40 0.1263D+06 0.32 0.83 14.59 15.91 6238.8 17622.3
9.500 52,865 266,18 271.46 290,40 0.1264D+06 0.36 0.85 14.70 16.13 6621.7 19276.6
10,000 520844 266,16 271.44 290,39 0.1266D+06 0.40 0.87 14,80 16,33 6997.5 20916.0
10.500 52.821 266,13 271.41 290.39 0,1267D+06 0.43 0.88 14.89 16,51 7367.6 22543,4
TT1TC000 T 752,798 266.10  271.39 290,39 0.1268D+06 0.47 0.89 14.98 16,67 7732.9 24160,4
11,500 52,775 266,07 271.36 290.38 0,12700+0¢ .51 0.91 15,05 16.83 8094.3 25768.9
TIZ.000 T 52,0752 266,05 271.34 290,38 0.1271D+06 0.55 0.92 15.13 16.96 8452.5 27370.3
'STARTING POSITION OF ANNULAR FLOW

12,193 52,743 266.04 271.33 290,38 0.12720+06 0.56 0.92 15.15 17.01 8589.9 27986.3
Fig. A4 Line Printer Out Put.
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TEST DARTE S52-12-08

I-

TEST NUMBER

-29-36-06

STEAM PRESSURE 30.51

287.080

. PRIMARY TEMP.
SECONDARY WEIGHT FLOW 350.330

TEST CONDITION
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