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SUMMARY

A subchannel code system is developed for the thermal-hydraulic analysis of
SMART core, and the applicability and accuracy of the code is assessed for
various experimental data with rod bundles. MATRA is a subchannel analysis
code calculating the enthalpy and flow distribution in fuel assemblies and
reactor cores for both steady-state and transient conditions. MATRA has been
developed to be run on an IBM PC or HP WS based on the existing CDC CYBER
mainframe version of COBRA-IV-I. MATRA has been provided with an
improved structure and code functions to give more convenient user
environment. Improvement of various models enhances the convergence and
accuracy of the code: those include the numerical solution scheme for the
crossflow, the void fraction model, and the lateral transport model, and so on. A
turbulent mixing model considering void drift phenomenon is devised by
employing the two-phase mixing test data under PWR and BWR conditions.
MATRA/SR-1 CHF correlation system is developed from local conditions of rod
bundle CHF data calculated by MATRA. The optimized 1/8 core lumping models
are developed for the analysis of the thermal margin of SMART core at steady-

state and transient conditions.
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¥ 2.1 COBRA-3CP Z=9} MATRA ZXZ9] H]xl

Capability or Model COBRA-3CP MATRA
Flow Solution (Steady State)
- Inlet Flow / Exit Pressure Boundary Conditions @) 0
- Pressure Drop Boundary Conditions (BCs) O
Flow Solution (Transient)
- Fully Implicit O @)
- Explicit Arbitrary Flow Field and BCs O
Diversion Crossflow Model
- Lateral Momentum Flux @)
Turbulent Mixing Model
- Equal-Mass—Exchange O @)
- Equal-Volume-Exchange O
Void Drift Model O
Equation of State
- Reference Pressure @) @)
- Local Pressure O
Heat Conduction (Fluid)
- Radial Conduction @) @)
- Axial Conduction O
Heat Conduction (Fuel Rods)
- Radial Conduction @) @)
- Axial Conduction O
Input / Output Unit System
@) @)
@)
Axial Noding Scheme
- Uniform O O
- Nonuniform O
Precision of Reals
@)
@)
Fluid Energy Solution
- Spatially Explicit O
- Spatially Implicit O
Numerical Solution of Hydrodynamics
- Pressure Gradient Equation O
- Diversion Crossflow Equation @)
Fuel Rod Model
- Finite Difference @)
- Orthogonal Collocation O
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MATRA

STRUCTURE
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More Precise 1/0
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Uniform
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Interpolative / Direct
Calculation

System Reference Exit
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| Read and Print Input |

\
Specify q"

N

x=0
g'art of Channel 3 Modification to COBRA-IV-I
| Solve Energy Equation : h, T, Iq— Modify
v ¥ AAH Matrix &
Source Term
Set Conditions | Calculate p , T, Hg, | d
L] Modify )
| Solve Combined Momentum Equation : w I{— Source Term
* \
|Calculate m from Continity |<—-[ Add
TM & VD Terms
A v
\

X = x+AX | Calculate p, Ap,,, |

A

End of Channel ?

w and m Converged

or
Maximum lterations ?

| Correct p tozero p |

Print Output

No

Maximum Time Steps ?
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o] 7] A,

9" ctr pase = 4o T @ L+a,P. + a,d,, + a4dhy +a, tanh [au (dg +g, ) + aw]

~(a,P +a,PL+aL+a,P’)-G-y+K,-G

d, Ah,
n — e Gh 1+ sub ,
q Evap ( 4L j g ( hﬁg ]

)0.8 1-0.38-B,

Jfor G<G,,
for G2G,,

F,; =1.0 for mixing vaned spacer grid,

=0.9 for non-mixing vaned spacer grid

aglal Fy, £ (321) ¥ (322) 2lo2 AAIg Tong F-factor &
g Jidkell ARgE 2518 70 A9 ARl W el= ofdioh Zr
Pressure(bar): 68 to 171,
Mass flux(kg/m*/s): 470 to 4973,
Critical quality: -0.21 t0 0.70,
Heat flux(kW/m?): 513 to 4380,
Heated length(m): 1.37 to 4.27,
Hydraulic diameter(mm): 9.5 to 13.6,
Heated equivalent diameter(mm): 11.8 to 15.7,
Grid spacing(m): 0.25 to 0.55.
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et CHF o5 43S 7]€9 CHF table ¥ A2 AAE 35x210 Ja27
Alagk Ak a3 322 o AAEGIEE CE-1 AEAe A8 HeE "eojus
A 2ol FAgeet 4de 2ol 9lom, WRB-1 ¥4 d gHelA
APAQ Weks Yella Tl CHF table & EE AR ZAA AfE F99

e BolFa 9l SR-1 FHA M= o]e FARg 5]

Fd

A AR 24 23 dEhd o A AR ol Wi PM o SAES
3.5 AEstdeh HoA G-1F A== AR F50] 1500 kg/m’/s o] atel &Gk
=o B2 A, PM 9 s ARS 23 A dEE T

webd BEgHed AAE 95t SMART =4 Ao A83 Faae 23k

2% G-F AR Bh Aneiy dgsan.
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H

A7+ &7 DNBR 2 DNB AA 7|o <At AA o 3tc}. 7Fd p/M

o

AT Ay BE¥XE dvpd A2 34 DNBR 2 one-sided tolerance limit 7133
qgahol obgfst ol A + 9

DNBR,,, =(P/M )+ kys 5 - (3.28)

o]7]14, DNBR., & 74#2] 37 DNBR, kosos = 95% ZFEI 95% AZFHEZA
A %= one-sided tolerance limit factor[36]°]™, s = P/M o] & E = Aot} o]
AA A MmEH ® 35 9 G-1F % H-IF9 sldst= 34 34 DNBR 2
Z}7F 1281 2 1.203 o2 HrlE

a8y, G-2F %2 H-I2F9 PM o st Dtest & F3F

=z it
AAE ST A3t 5 E swol A i REFA B Ao vebgvh mebs
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& 3128 e 22 A A 54 As 2 AY 99
GE 9-rod Ispra 16-rod

Name of test bundle GE PELCO-S EUROP-BWR EUROP-PWR
Rod array 3x3 4x4 4x4 4x4
Heated length, m 1.83 3.66 3.66 3.66
Rod diameter, mm 14.5 15 10.8 10.8
Rod pitch, mm 18.8 19.5 14.3 14.3
Hydraulic diameter, mm

- inner channel 16.4 17.3 13.5 13.5

- side channel 11.3 11.5 9.4 9.4

- corner channel 7.1 7.1 6.8 6.8
Radial power distribution uniform uniform uniform uniform
Axial power distribution uniform uniform uniform uniform
Pressure, bar 69 70 70 160
Mass velocity, kg/m?%/s 720 ~ 1460 910 ~ 1930 970 ~ 2060 2180 ~ 3250
Bundle exit quality 0.03 ~ 0.32 0.02 ~ 0.31 -0.17 ~ 0.24 -0.17 ~ 0.20
Number of data points 13 208 49 205
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% 3.2 MATRA = A A&

5

F9 w3

Ispra 16-rod bundles

Parameter GE 9-rod bundle
PELCO-S EUROP
Single—phase turbulent friction factor 0.184 Re %2 0.44 Re % 0.41 Re %
Spacer grid loss coefficients
corner channel (1) 1.0 1.311 1.352
side channel (2, 4) 1.0 1.036, 1.031 0.960,0.965
inner channel (3, 5, 6) 1.0 0.709, 0.652, 0.651 0.848, 0.900, 0.987

Subcooled void model

Bulk void model

Two-phase friction multiplier

Diversion crossflow resistance coefficient
Transverse momentum parameter
Number of axial nodes

Single-phase turbulent mixing parameter

Levy

Chexal-Lellouch model

Armand model
0.5
0.5
60
0.005
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BWR conditions

PWR conditions

Corner Side Inner Corner Side Inner
Number of data 270 205
EM model
- mean of P/M 1.525 1.021 0.991 0.991 1.007 1.061
- rms error 0.646 0.100 0.052 0.050 0.028 0.074
Lahey’s EVVD model
- mean of P/M 1.276 0.983 1.039 0.972 1.006 1.068
- rms error 0.377 0.085 0.074 0.053 0.029 0.082
Constant Kyp model
- mean of P/M 1.053 0.937 1.090 0.888 1.004 1.095
- rms error 0.209 0.104 0.118 0.135 0.028 0.110
Proposed Kyp model
- mean of P/M 1.052 0.955 1.080 0.983 1.001 1.071
- rms error 0.151 0.088 0.108 0.049 0.025 0.085
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¥ 34 SR-1 32 e 2185 A

o

v XskA| CHF 28 A5

TS Conf.igu— Axi;al Grid spacing | Heated length| Rod dia./pitch Mixing Pressure Mass flux # of data
ration profile [mm] [m] [mm] vane (bar) (kg/m2/s)
156 TYP-5X5 UNIFORM 660 4.27 9.5/12.6 R 103~167 1343~4928 73
157 TYP-5X5 UNIFORM 660 2.44 9.5/12.6 R 103~167 1372~4893 78
158 THM-5X5 UNIFORM 660 2.44 9.5/12.6 R 103~168 1342~4713 68
160 TYP-5X5 UNIFORM 559 2.44 9.5/12.6 R 103~167 1369~4874 67
161 TYP-5X5 UNIFORM 559 4.27 9.5/12.6 R 103~167 1335~4973 70
162 THM-5X5 COSINE 559 4.27 9.5/12.6 R 103~166 1340~3403 47
164 TYP-5X5 COSINE 559 4.27 9.5/12.6 R 103~167 1380~3578 54
13 THM-5X5 UNIFORM 534 3.0 10.8/14.3 P 70~161 522~3511 88
20 TYP-5X5 UNIFORM 545 3.0 9.5/12.7 S 70~165 1094 ~3665 61
29 TYP-5X5 UNIFORM 545 3.0 9.5/12.7 S 70~165 560~3694 111
30 TYP-5X5 UNIFORM 545 3.0 9.5/12.7 F1 69~165 573~3693 100
31 TYP-5X5 UNIFORM 545 3.0 9.5/12.7 Swirl 70~167 579~3722 97
33 TYP-5X5 UNIFORM 534 3.0 9.5/12.7 F1 70~166 597 ~3863 102
37 TYP-5X5 UNIFORM 545 3.0 9.5/12.7 Swirl 69~167 578~3673 99
38 TYP-5X5 UNIFORM 545 3.0 9.5/12.7 Swirl 70~166 609 ~3836 95
39 TYP-5X5 UNIFORM 545 3.0 9.5/12.7 F1 69~166 602 ~3848 104
40 THM-5X5 UNIFORM 545 3.0 9.5/12.7 Swirl 100~166 551~3477 77
41 THM-5X5 UNIFORM 545 3.0 9.5/12.7 Swirl 100~166 544 ~3505 79
43 TYP-5X5 UNIFORM 545 3.0 9.5/12.7 Swirl 159~165 1240~3829 31
46 TYP-5X5 UNIFORM 545 3.0 9.5/12.7 Swirl 160~165 1237~3793 29
47 THM-5X5 UNIFORM 545 3.0 9.5/12.7 Swirl 140~165 1152~3497 49
48 THM-5X5 UNIFORM 545 3.0 9.5/12.7 Swirl 139~165 1138~3505 49
515 THM-21 UNIFORM 381 1.83 10.7/14.3 unknown 69~157 675~3987 54
516 THM-21 UNIFORM 381 1.83 10.7/14.3 unknown 69~158 661~3975 56
3 THM-5X5 UNIFORM 534 3.0 10.8/14.3 None 70~160 471~3460 90
7 TYP-5X5 UNIFORM 534 3.0 10.8/14.3 None 70~160 512~3191 42
11 TYP-5X5 UNIFORM 545 3.0 9.5/12.7 None 71~171 511~3361 81
14 THM-5X5 UNIFORM 534 3.0 10.8/14.3 None 70~160 470~3451 65
16 THM-5X5 UNIFORM 534 3.0 10.8/14.3 None 70~160 501~3431 65
19 TYP-5X5 UNIFORM 545 3.0 9.5/12.7 None 70~167 487~3594 83
21 TYP-5X5 UNIFORM 545 3.0 9.5/12.7 None 70~165 494 ~3558 88
22 TYP-6X6 UNIFORM 545 3.0 9.5/12.7 None 69~162 513~3376 78
512 TYP-21 UNIFORM 254 1.83 10.7/14.3 unknown 69~158 547~4029 57
513 THM-21 UNIFORM 254 1.83 10.7/14.3 unknown 69~160 545~3910 54
514 THM-21 UNIFORM 254 1.37 10.7/14.3 unknown 69~158 1041~3934 38
517 TYP-21 Non-uni 254 1.83 10.7/14.3 unknown 103~158 786~3727 39
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% 3.5 AY7HA A= Il Ugk SR-1 434 P/M A

A5 1 s e s g 4 P/M ¥ Azt
MV & D75 AR

A 1255 1.001 0.0999
(SR-1 7|2 HEej e Xt7)
MV & M7E A=

B 382 1.053 0.1519
(A4 A A} 7/ #8)
No-MV & Uniform APS X}=&

C 741 1.000 0.1073
(=37 »4g AAF 7 = 7)
Non-uniform APS XI&

D 140 1.015 0.1160
(]t APS B AR} F7F 2H8)

E EE MW A= 1738 1.014 0.1158

F 2= No-MV XI=2 780 0.997 0.1083
TE AFS A8

G ) 706 1.040 0.1380
(G < 1500 kg/m?/s)

H 2E 25 2518 1.009 0.1138
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3.0

Constant KVD model
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P/M of corner channel enthalpy rise
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Void drift coefficient (K )
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P/M of corner channel mass flux
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CHF (kW/m?)
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CHF test Thermal mixing test

measured TS geometry
CHE & operating Thermal
conditions diffusion
coefficient
) local TH
CHF correlation ~ conditions Subchannel code |
(local parameter) (MATRA)
Limit DNBR Hot channel analysis

y

Thermal margin calculation

a9 3,10 XA CHF 32 A4 7 Az}
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2
TS-162 & TS-164 (MV) 1/\ TS- 517 (NO MV) '/—\
0. 02
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E 1 V‘ 'g v v% M v E ! ¥ vtvr' w vv v
M v . v, MRS
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Ndata = 101 Ndata =39
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- Pressure drop measurements
. - CHF measurements
- FA uplift force measurements Mixine measurements
- Inlet flow maldistribution measurements &
e - Core boundary conditions durin
- Nuclear power distribution data . y &
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60-Channel Model
for 1/8 Core of SMART
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