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ABSTRACT

Recently an algorithm for non-linear coarse mesh finite difference method (CMFD) coupled with
that the core-reflector boundary models with a transverse leakage approximation (BCMTL) was
set up and successfully demonstrated its capabilities by applying to loading pattern scooping code.
In this paper, the performance of BCMTLs, analytic model and polynomial expansion model, on
transient non-linear CMFD was investigated for total nine of fast and slow transient problems
designed by NEACRP. The numerical results show that the average reduction of CPU time was up
to ~65% compared to NEM with explicit reflector model , and analytic BCMTL shows better results
than polynomial expansion model does. From these results, we concluded that the BCMTLs work
well and may be used as good tools for LWR core transient analysis.
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TABLE 1. HZP FAST TRASIENT

FAST TRANSIENT(HZP) CASE Al CASE C1
Parameters rer* | NEM-E | cMrD-E|NEM-BA| “MPD- | nem-Ba| “MD- | rerx | NEm-E | cmrD-E|NEM-BA| “MFP- | NEm-BB| CMFD-
BA BB BA BB

Steady |C. S. B.(PPM) 567.7| 566.1| 566.1 567.1] 567.1 565 565 1135.3| 1140.1| 1140.1f 1141.5 11415 1133.7| 11337
state 3D Nodal Peak(Fq) 2.874| 2.845| 2.844 2833 2.832] 286 2.859| =2.187| 2.173 2173 2.172| 2171 2.183 2.183
Radial Peak(Fxy) -| 1.892] 1.892] 1.885| 1.884| 1.902 1.902 -| 1.437| 1437 1.436| 1.436| 1.443 1.443

ASI -| 0.0121| 0.0122] 0.0121| 0.0122| 0.0122 0.00122 -| 0.00556| 0.00568| 0.00554| 0.00567| 0.0057| 0.0057
Transient |Peak Time(sec) 056 0.636| 0.639] 0.675| 0.675| 0.601 0.604] 027| 0265 0.266] 0.262] 0.262] 0.265 0.267
Peak Power 1.179| 0.9124| 0.9084 0.8145| 0.8102| 1.0327| 1.0271] 4.773| 4.9681| 4.9342| 5.0822| 5.059| 4.773| 4.753

Nodal Peaking Factor(Fa) -| 5477 5.177] 5.154] 5154 5.202 5.202 -| 7.363] 7.358 7.388 7.386| 7.426 7.423

ﬁZﬂk DEpEEr T & | 29452\ 29453 204.44| 294.43] 294.97 294.98 | 3015 3017 3011 3012 299.6 299.6
t=5.0sec |Power 0.196/ 0.197| 0.197 0.196| 0.196] 0.198 0.198] 0.146| 0.151 0.151 0.152| 0.152| 0.152] 0.151
Nodal Peaking Factor(Fq) -l 477 4977 4759 4.759| 4.801 4.801 - 6.04 6.04 6.046/ 6.046| 6.043 6.043

Max. Centerline Temp 673.3| 669.1] 669.2 663 663 675.9 676] 676.1| 697.6] 697.5 699.9] 699.9| 696.3 696.3

Doppler Temp. 324.3| 324.7| 3247 3243 324.3| 3251 3251| 3159 317.6| 317.6 317.7| 317.8] 3175 3175
Moderator Temp. 293.1) 293.1| 293.1 293 293 203 2932 2915 291.8] 291.8 291.8] 291.8 291.8 291.8

Water Density(kg/cm?) -| 7403 740.3 740.5| 740.5| 740.2 740.2 -| 7428 7428 742.8] 7428 742.8 742

CPU Steady State(N + TH) - 4.6 1.8 4.1 1.1 3.9 -l 409 136 303| 801 302 815
Neutronic(Total) - 239| 106.5 187.7| 86.03] 189.2l 845 -| 1960.7| 1137.6| 1454.5| 8159 1463.3 838.9
Others(Total) -| 1202.3| 1204.3] 1207.5| 1264.4] 1218 1297.1 -| 8156.7| 8186.7| 8169.8] 8199.5| 8324.9 8210

CPU Time Ratio (Neutronic) 1| 045 079 036 079 035 1 058 074 042 0.777 043

* Ref. = Results of 4 Node/Assembly Calculations by PANTHER Code H.Finnemann, H.Bauer, A.Galati and R. Martinelli, "Results of LWR Core Transient Benchmark,"
NEA/NSC/DOC(93)25 (Oct. 1993)]

NEM-E: NEM + EXPLICIT REFLECTOR
CMFD-E: CMFD-+EXPLICIT REFLECTOR

NEM-BA: NEM + POLYNOMIAL EXPANSION BCMTL

CMFD-BA: CMFD + POLYNOMIAL EXPANSION BCMTL

NEM-BB: NEM + ANALYTIC BCMTL
CMFD-BB: CMFD+ANALYTIC BCMTL




TABLE 2. HZP SLOW TRASIENT

SLOW TRANSEINTS(HZP) CASE A CASE D
Parameters rer. | Nem-g |oveD-g{nem-Ba | MO | nem-se| M- | ree | NEm-E | omeD-g|NEm-BA | CMFD- | NEM-BB| CMPD-
BA BB BA BB
Steady |C.S. B.(PPM) 1268| 1273.8| 1273.8 1275 1275 1267.4 1267.4] 793.6| 797.6| 797.6 798.4| 798.4| 798.4 796.15
state 3D Nodal Peak(Fq) 1.88| 1.856| 1.855 1.856| 1.856| 1.866| 1.866| 2.886| 2.862| 2.861 2.857| 2.856| 2.857| 2.856
Radial Peak(Fxy) 1.242| 1226 1.226 1.227| 1.227| 1.234 1.234] 1.912| 1.898| 1.898 1.894| 1.894| 1.894 1.894
Axial Peak(Fz) 1.513| 1512 1512 1512 1512 15120 1512 1.507| 1.506| 1.506| 1.506| 1.506| 1.506| 1.506
Transient |Peak Time(sec) 82.14| 82.582| 8257 82.677| 82.675 81.94 81.95| 39.4| 38.760| 38.757| 38.669| 38.650| 38.67| 38.653
Peak Power 0.356| 0.3562| 0.3561 0.3562| 0.3561| 0.3563 0.3563| 0.9685| 1.1017| 1.0735 1.1075| 1.0830| 1.1075 1.083
Nodal Peaking Factor(Fq) 2.395| 2.373| 2.373 2.372| 2372 2.387] 2.387| 3.718| 3.687| 3.685 3.678| 3.682| 3.678 3.667
Doppler Temp. at Peak -| 298.7| 29871 298.7| 298.7| 298.7 298.7 -| 296.4| 296.6f 296.8] 296.0f 296.8 296
Max. Fuel Doppler Temp. 358.7| 358.7| 358.7 358.7| 358.7| 358.6 358.6| 312.6| 314.8] 314.7] 3149 3149 319 314.9
Max.Coolant Outlet Temp. | 295.3] 298.9| 298.9 298.9] 2989 2987 298.7] 290.0] 292.0 292.00 292.0f 292.0 292 292
Max.Fuel.CenterLine Temp. -| 625.7| 625.6] 6655 6255 626.9 626.9 -|  463.2| 462.9 463.8] 463.4| 463.8 463.4
CPU Steady State(N + TH) -l 455 1.5 4 116 3.9 1.1 475 155 401 1.07| 401 115
Neutronic -| 936.4| 591.4 7574 475.8 754 4737 800 440.2| 620.6| 345.6| 624.4 3449
Others -| 4038.1| 4046.2| 4207.3| 4721.3| 4170, 4162.4 2590.2| 2595.8| 2618.3| 2643.4| 2628.6 2611.7
CPU Time Ratio (Neutronic) - 1 063 081 051 081 051 1.00f 055 078 043 078 043

* REF. = Results of 4 Node/Assembly Caculationsby PANTHER Code [Ré. §]
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