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Abstract

Through OpenFOAM, the thermal and hydraulic problems in the spent fuel pool under wet storage
are simulated and analyzed, and the following conclusions are drawn: In the fuel assembly area,
due to the resistance in the porous medium, the flow rate of the shunt field is small. The water
flow in the sleeve directly below the inlet flows from top to bottom under the influence of forced
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convection, and the water flow in the storage lattice far away from the inlet pipe directly below the
natural convection flows from bottom to top. This flow results in extremely low water tempera-
ture in the lattice directly below the flush by water injection and local high temperature in the ad-
jacent sleeve; The temperature distribution in the grid directly below the inlet pipe is affected by
the direction of water flow, showing the distribution characteristics of high temperature at the
bottom and low temperature at the top. As the sleeve located below the outlet forms a loop with
the adjacent sleeve, the water temperature of the surrounding adjacent sleeve is maximized.
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Figure 1. CAD diagram of geometric model
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e PR F] BB PO 35K o
PR ARG BEAT E B 7, B8 AR R B 2:

J/E b 30 P 7K P R

refCellSizeOfTopPool 8@e-3;
//E R AR A S O TR LT Y b E AR 2 R
cellSizeODfBasePool 18e-3;
JFEM z Jrm R R &g
refCellsizeOfPool_z 200e-3;
S Z M xyz 7 LTl A
refSize0fPool_x 13.6;
refSize0fPool vy 8;
refSize0fPool_z 12.2;
JIETER RN R
refHeightOfGrid 4425e-3;
J/BRTEZMIERMA RER. SRRSO, 8 i 5 R R AU R .
refMinCellSize0fBottomBasePool_z 18e-3;
SAEFRABEZ MEMA R TEHEN, #z AR @ REETIE. e EmRS8.
meshSizeOfBottomBasePool_z 288e-3;
SR LD R 2 B
dzFuel 1e5;
fzFuel 8;
JEE—KEFRRENERITRE element, AL RN IRIE+EF+ 43S0 REH
HEE .
gridTypel
{
/AR R B S AT
iMaxBarrelInGrid 7;
jMaxBarrelInGrid 5;
IR T
heightofGrid 4425e-3;
JEWRRRE
heightOfBasePlate 38e-3;
[/ z i B R E
heightOofsSupport 138e-3;

SRR SERN PO FERER T ROEE, EXBEERNLFETAENER

HLFIR RO x F A ES y TR b R AEE AR
barrelAndGridBoundaryPitch_x 128e-3;
barrelAndGridBoundaryPitch_y 126e-3;

/1P JLJE A Sl fal 4 W 77 i R 1 S 5 1) 9 B 3 W 7 % 38 BT h R i
nCellsInChannelBetweenBarrelAndGridBoundary i3

Figure 2. Code for grid setup
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4. KRR

PR MRAR NI4T B Linux, #E# {3 Ubuntu 16.04. 534BT ERIIAEE4 OpenFOAM v5.0, GNU
GSLv25 5 GNU M4 v1.4.17.

FERTAC Y B, 3 B B 5 5 5RO Z i i 25 M BEAT A 5 RS Rl 70 AR5 5 2 384T A1 5% OpenFOAM
TSRS

TEAT T3 RIS, OpenFOAM Hi ] potentialFoam R LK 146 3 15 37 S Ik Fi3gy kA7 T, A
T8/ Ja SRR AT SRLT 77, I8 SRAR AU KUz . A SCAE ) k-OmegaSST HEAL AT 52

4.1. ¥aRHILRFE

WIS AT S T AT E LT R NFCAEEEANH, —z J517 2 mis, &N 293 K tHHCAE I,
p =101325 Pa; THAREEMI MR BENT, N 293 K, HAMEE A CIFFEEEN, Tmalfe. MRFERER AR
FEET e K, AR BE IR 1

Table 1. Boundary condition setting

F L OARFHRE

B U [ms] Prgn [Pal k [m?/s’] ¢ [miss’] TIK]
UNEEUES (00-2) 203
H 101,325
compressible::
MR S noSlip ';?Jﬁ(\:’t\ﬁ'r: eﬁislijlr?crl\i/(\)/:” thf;\rgzLBsgglleiﬁD
ThermoPhysics>
T e slip slip slip 293
HoAh B T noSlip ';ﬂﬁé’t\ﬁ:: estlnJ Ir:)crl\i/(\)lr?" 203

STk AL, compressible::thermalBafflelD<hConstSolid ThermoPhysics>, H A&k XA T E 3
Fi7R, 4 2 N iy (g Je ok

Table 2. Solid attribute parameters of thin plate model

*® 2. ERREEGRELEESH

A4 XA fH LUBE-9
molWeight kg/mol 55.845 FE SR
rho kg/m® 8050 BE
Cp m2/(s®-K) 502.416 LT
Hf kd/kg 0 Tl
kappa W/(m-K) 20 MFER
thickness m 0.006 TR 5
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maxXBarrelBaffleWall eil ejl _gil master

{

type

compressible: :thermalBafflelD<hConstSolidThermoPhysics>;

¥

refvalue
refGradient
valueFraction
value
sampleMode
grPrevious
qr
grRelaxation
specie
{

molWeight
}
equationOfState
{

rho
}
thermodynamics
{

Cp

Hf
}
transport
{

kappa
}
coupleGroup
thickness
Qs

value

uniform 293;
uniform 0;
uniform 0;
uniform 293;
nearestPatchFace;
uniform 0;

none;

1;

8050;

502.416;
9;

20;

maxXBarrelBaffleWall eil ejl gil;
uniform 0.006;
uniform 0;

nonuniform @();

Figure 3. Definition of temperature boundary of thin plate
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refValue 542 5B R SH X 1D MR p OHLAA

Q +%W(Ti -T,)= g—z(Tp —nbrT, ) (11)
Hor,
Q, A& HE S ¥ i
k., A2 5T BE H R R #5258
& B TH T 0 380 DX A Lo PR PR
kg JE AR 3 3R
8, Je IR R
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nbrT, & AR 3 0B i
{8 F Darcy-Forchheimer 2 X% 22 £ 5t IX it BELEAT £ 452,

Si:_(Du+%hM|ﬁjui (12)

D A—RINAEE, FRNZIRIRE . 27U 3 PR R, AEFIH, 852 75 origin 24(0, 0, 0),
el (1,0,0), e2(0,1,0), BP5JRIANR R

fvSchemes 7 i 45 5 s} 18] 10 22 3 4% XA steadyState, 377 BTK A FH0 2243 Gauss linear, X I %
FH— B it ) 2 43 #% 28 bounded Gauss upwind.

fvSolution T 5T | EMER MRS IS 2. WS HIFREARA S IR 7 FHXSBRZE relTol ¥R, B
e et itk 25 nCellsinCoarsestLevel BUF-3IMIk % 0.5 k5. IS N 167, X U, h, k,
epsilon HX 0.5 AR T-; %F p_rgh 38X 0.3; X} rhok 38X 0.001.

4.2. BEXKBES®

1B 98 5 Hr KPR IS scalarVerticalProfileSource, B FHEACBHA, SZHEIAE csv Mg LA H 8 X
PG ThRE . ThREEFEERIA ST PF SR 0 A« P 35 2 S 5 BB EE 0 A . P de 2 B E 5 A Ak

P51 5] U5 S Sy A
FTFF-7F preProc/config ] heSourceProfile.csv S, HEATHHIC = ME IR TR L 046 &, ZSCAFFE R
W

default, 58200

bi,bj,gi,Su

7,1,1,100000

1,1,1,0 27361 51423 69282 78784 78784 69282 51423 27361 ©

B AT NN SRR AR 2 88 AT N A SR E T IRAT, At A =47
N E S S IR Ay A (4R 2 730 A Z BT, LLES 0, e IS R R
FERIRT s SEVUAT N B e % B 7 AR )RR BE /A e e 77 3, 78 Z 05 5 4% 07 SRR 3|
TR AR BR BE SR BE 2 AT, DL 0BG, B AN EONER,  ACK: B 3l BOZE s R84 e ok, i
JG R AR H 3R ECZ 4 cellZone JEEBAITHR A AR AR,  FHil i #R (EAH G cellZone P4 — AN RV T
HATHRE . RTARIGEM Z M, A B3R H BN ST ISR 73 AT .

JHIASEZEL CSV 30, 1F case/system T[] fvOptions =7 83U Hb [ B AR BT Z 4 BRI/ A, B
WKl 4,

T A SR AR AR IS AR DB A), SEIL T VRIA RTARAY, A BRI AT A an A B R, B N 2 A
A ¥a I S IFBREE , 8] 5 A Z 0 BRI 35 5 FRBIRE , d5 A () Z A 6 28 10 15 5% 43 A7 #5585 (0
Kl 5 Fi7R).

5 HHELER

K 6 25 AR — X R SR AR 45 i SR IO BEAS AR T o W] AR HEAEIX () 0.14~0.32 2 IRRHA X,
T 2B, ZE AR RE RN X 0.32~0.35 43 i 1 B N IRE KRR GO X (]
0.35~0.4 45 H Y2 £ 1] 55 1 (A A AN AT S 15 DL »
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fuelAssembly bil bji_gil

{
type scalarVerticalProfileSource;
active true;

selectionMode cellZone; // all, cellset, cellZone, points

cellZone porosity_bil_bjl_gil;
volumeMode specific; // absolute;
fieldName h;

verticalProfile

{

verticalDirection 2; //@-x, 1-y, 2-z
localInjectionRate (@ 27361 51423 69282 78784 78784 69282
11423 27361 8);

}
}
fuelAssembly bi7_bjl_gil
i
type scalarVerticalProfileSource;
active true;
selectionMode cellZone; // all, cellset, cellZone, points
cellZone porosity_bil_bjl_gil;
volumsMade specific; // absolute;
fieldName h;
verticalProfile
{
verticalDirection 2; //0-x, 1-y, 2-z
localInjectionRate (100088);
}
¥
fuelAssembly bi2 bjl_gil
{
type scalarVerticalProfileSource;
active true;
selectionMode cellZone; // all, cellSet, cellZome, points
cellZone porosity bil_bj1_gil;
wvolumeMode specific; // absolute;
fieldName h;
verticalProfile
{
verticalDirection 2; //@-x, 1-y, 2-z
localInjectionRate (58282);
}
}

Figure 4. Automatic generation of heat source distribution code
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Figure 5. Effect diagram of heat release rate distribution loading
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Figure 6. Velocity distribution of several groups of sleeves along the Y-axis
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m

PLR 2 5 25 AR 2 T SL R P T N A3 B s SRS = K.
1) Flz=3m, HE=FHWFAE7.

Figure 7. Temperature distribution in the z = 3 m plane
7.2=3m FHIRESH

MERRT UL Y, AT K IR 7 8 18 A R 7K 52 2 s B XA I R 4 1 B BT R BiEh
RSN T 28 B K BRI B 1R 5 IR SR N IR KGIR AR AR, A3 faT A IR R B v T T At (X35
(¥ fa (KK e B R AR R R I L sl .
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N T P9 O P 2 PR, TR AR E S ME Z TE I ZE 2005 10 Ko HNKE IE R 75 IR 2R 9 11
5 oA 2 KGR TT R 2R, S R ER v, TOERTR AR M AR RFAE o i At 87 ) /K I S B
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Figure 8. Temperature distribution in'y = 0 plane
8.y=0FEIREST

MIE 8 HETLAE Y, AL AR 7 B R S ARIT AL 1 [, A5 A AR R KGR B
fH.

MK g, B DREANZ KK B BT #sh, I EAL T AKE IET 7 I A7 R 2R A 7K
TR B BRIEXS AT, R E RS, M B K IE N 77 B A7 M 2 N A ZK 32 21 E AR
TEM, BB T LTS, AL THE BT ZibA, BB T RS R e 4 .

Figure 9. Velocity distribution in'y = 0 plane
E9.y=0 FHAREDH

3) E N x = 1.16 m P, Hz=E MK 10~12.

M 10 Frf AE H, BN Z RS AR R AN TR, KIRAE Z RN A7 b SR B R Ab i mr, RN
TREETANH, ERER P RAAET B, AR T .

MIE 11, B 12 R BVE H, s BB BRI X sl fe ok, H A B sR A, SRR
AW R E . ENFBIRAER], T aRA p A, KR SE NS4 .
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Figure 10. Temperature distribution in x = 1.16 m plane
10.x = 1.16 m FHEHARE S

Figure 11. Velocity in x = 1.16 m plane
B 11. x = 1.16 m L EAIRE

Figure 12. Turbulent Kinetic energy in x = 1.16 m plane
12. x = 1.16 m FHEAYHEN8E
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1) EREHAPEX, T 2B TS, & SRR .
2) A K FVIE TR J7 T A IRK IR A2 B amaa SR sz A2 1 B BT s, XA sh R8T

22 K BRI PR IE T 7 AR 2R P R TELARARG 4R35 5 PN AR i s i

3) AJKAEIE R J7 WA SR N AR 70 A 52 2K T T8 OREIE ST R e P vt s TR E AR A 23 AT

C (1R B i oA o T N R S RS S i S N A TN 5 M P VGl A R IR il S B SN T
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