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~ Thermal-Hydraulic Analysis in Local Fuel Region of Helium
Gas-Cooled Fast Breeder Reactor with Coated-Particle-Type Fuel

Takemitsu NAGATA#*, Hiroyuki OHSHIMA*

Abstract

Feasibility Study is being carried out at JNC to generate new concepts for commercialized fast
breeder reactors. In this study, a helium gas-cooled reactor with coated-particle-type fuel is
proposed, as one of the candidates for fast breeder reactors. [Each fuel assembly has a
compartment of an annular duct shape and the annular space of the compartment is filled with
coated-particle-type fuels. The assessment of heat removal capability of coolant flowing in the
coated-particle-fuel region and the endurance of fuel particle is one of the important issues in the
reactor safety.

In the present study, a thermal-hydraulic analysis was carried out in order to clarify flow and
temperature fields in a local coated-particle-fuel region as well as in-particle temperature
distributions, The FLUENT code was applied to this numerical analysis and the simulations were
performed using five face-center cubic unit cells, which were combined with one another in the
flow direction. Through the analysis, it was confirmed that the extreme temperature peak in
coolant did not appear in the local coated-particle-fuel region and the temperature in a coated fuel
particle rises along the flow direction almost linearly except fuel core region. With respect to the
surface temperature of a coated fuel particle, the maximum and the minimum temperatures appear
at the downstream and the upstream contact points with neighboring particles, respectively.
Further, the calculation results by FLUENT were compared with Ergun’s correlation in order to
verify the applicability of it to the pressure drop estimation in the coated-particle-fuel region. The
friction coefficient estimated by FLUENT agreed with that by Ergun’s correlation with errors from
—11%t0 20% for 2<Re<154.

*Thermal Hydraulic Research Group, Advanced Technology Division, O-arai Engineering Center
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£11 BEEFEAY YL FAGEREEOFELCOEEAR Y 7

HFIFESET (MW 1800
FLEE [cm) 320
1EAEMEE [cm] 380

#£10 BEARFIV/S— AV IOEFEANY S

BiEMEERE [nm] 6800
FLE S [mm) 3200
W75y P E [mm /T 600/600
W a v 8— A2 MR [mm] 5800
WEL o o= b A v M EuBEHE 1
HENE [mm] 53.8
SERE [mm) 49.8
AESE [mm) 27.7
PEPEE [mm] 23,7

F13 WEHNTREOITEANY 7

PR EAE L O ¥ — 7 MAEE [Wmm') 0.555
V8= b Ay MRBRERTRREE (%] 66
#ENTHEE [mm) 1.94
e (MOX) EfE [mm] 1.5
BEEPYCHEE [pm] 110
EEEPYCHEEE [4m] 10
ZCHBE [y m) 10
SiC #RE [pm] 40
SICHBEE [pm] 120
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F#31 SHMICET 2B E (AOSSHIHEARE 1.0 [m/ s 1DBITr—X)

s HHMGR | SHNRE., | SAMEREE | SHOHER
2=y b | FHRE [C] | REERE [C] [C] FHIFE [m/s]
1 617.8 551.1 133.6 1.327
684.7

2 721.1 786.7 135.9 1484
650.8

3 822.5 884.8 130.5 1.638
754.2

4 915.9 964.5 109.6 1.781
854.9

#£32 WEHTRECHEYT 2SR (ADSSEARARE 1.0 [m/s |OFF 7 —2)

HE WAL TR BT R
2=y b | HEERTHEE [C) | &E RREE [C) mEE [C)
1 669.3 580.7 349.1
929.8

2 773.1 - 684.2 3525
1036.7

3 8744 786.2 351.6
1137.8

4 966.1 884.2 334.5
1218.7
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£33 EERTEECHTLENEE (AOEGHMEARA 1.0 [m/s (DR —A)

LB BN TRE HEATRE BT
2=y b FHimE [Tl i, BRRE [C] mEE[C)
1 632.6 574.4 110.1
684.5

2 735.3 678.0 108.5
786.5

3 - 8357 780.6 104.0
884.6

4 926.8 879.4 85.0
964.4

34 HHBICHET A EINEE (AOERSEIM A 2.0 [m/ s I0FHF T —A)

ik =i I AR AR, WEHREEE wrEA TR
2=y M| FHEE (C] | BHRE [T) [Tl FIYHE [ws)

1 528.8 495.9 703 2.351
566.2

2 580.8 546.4 71.5 2.506
617.9

3 632.6 598.4 70.7 2.661
669.1

4 682.8 650.1 64.5 2.811
714.6
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#35 WBRNTHACETAERER (ADREHIBH A RE 2.0 [m/s |0 —2)

ks BRAT R WAL WAL
2=y b | HERFYRE [C] | BE ESRE [C) BEEIT]

1 575.4 514.1 288.9
803.0

2 627.9 565.9 292.8
858.7

3 680.1 616.9 296.4
913.3

4 729.9 668.8 292.4
961.2

$£3.6 BENTFEEICHET SEITEE (AOMGHM AT 2.0 [m/s |D@Hr—2)

iy WRHLT BEHTERE BENTRE
2=v b | REFHEE [C] | &E E&ERE [C) EEEC]

1 540.0 507.4 58.8
566.1

2 591.7 559.0 58.8
617.8

3 643.2 611.2 57.8
669.0

4 692.5 662.8 51.7
964.5
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#37 BRERTEEORE, SEEE (AOHSHH AR 1.0 [m/s OB — 2)

Wi R T ERE HEN TFREER BN FREERT
1=y k RIKEE [C] mEeRE [T] REZE[C]
1 606.5 658.8 52.3
2 709.5 761.1 51.6
3 810.9 860.7 498
4 906.5 047.6 41,0

%38 EBRTIREORE. BESEE ACHESIHIHE AR 2.0 (m/s |OFTT —R)

ki BORALT-RRLRE HBR TR RE HEM TR
2= b RIERE [C) iR [Tl mBEETC]
1 521.0 553.2 26.2
2 578.7 604.9 26.2
3 630.4 656.3 25.9
4 681.0 704.3 233
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HE | REMEETY | ZE | REHEETY
E7 [Pa) [Pa] A [ms)
1 6000008 1 0.0500
2 6000007 2 0.0468
3 6000005 1 0.0468
4 6000004 2 0.0468
5 6000002 2 0.0468
6 6000000 * 0.0485

#3-10 WHMMEFIGED ., fE (ADOIEHMHEARE 0.1[m/ s DT 7 — )

] WEAT BT =k WEA B E S
7] [Pa] [Pal A ]
i 6000017 3 0.1000
2 6000014 4 0.0936
3 6000010 3 0.0936
4 6000007 3 0.0936
5 6000004 4 0.0936
6 6000000 % 0.0976
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WE | BEHEETY E2E BT
£ [Pa] [Pa) P [ms)
1 6000104 22 0.5000
2 6000082 20 0.4658
3 6000062 21 0.4658
4 6000041 20 0.4658
5 6000021 21 0.4658
6 6000000 * 0.5073

% 3-12 BHMBEESED, R (AOSESHHEARE 1.0 [ m/s 1O —A)

B 1 AT T E ST =E HHB BT
EF [Pa] [Pa] TR [mys]

1 6000256 99 1.0000

2 6000157 39 0.8229

3 6000118 39 0.8229

4 6000079 39 0.8229

5 6000040 40 0.8229

6 6000000 * 0.8229
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BT W ETE T = 1 E BTE Y
7 [Pa] Pa] F# [m/s]
1 6000662 134 2.0000
2 6000528 131 1.8284
3 6000397 132 1.8284
4 6000265 131 1.8284
5 6000134 134 1.8285
6 6000000 * 2.1013

£ 3-14 SHHEEESES, fid (ADERGEM R AGHE 3.0 [m/ s 1D8IF T — R)

S ] S HM TR Y =E AT R E

E7 [Pa) [Pa] HE [mis]

I 6001191 240 3.0000

2 6000951 237 27091 .

3 6000714 237 27002

4 6000477 237 27093

5 6000240 240 2.7094

6 6000000 * 3.1586
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1. B8 (Mox P

BE . p
P =Py XA [glem’]
Do =0.48Y +10.96—2.5(2.00— X) £ 0.01 :HAREE [gfem’] (5 4 HE0.01 ZTFEEH)
A ERBENR (=095
X :0/M(=1.98)
Y . PuEILEE(=0.25)

EERE: C,
Cp =12.54+0.017T - 0.117x107*T* +0.307x10*T* [cal/mol/K]
T :iBFE K]

BEEEE . k
k=0.01169 + ! +7.214%107PT? Wiem /Cl

1(0.06717 +0.02226(1— A}/(X —~1.90))T'}
A HEREERL (=095)

X : 0/M(=198)

T iRE [C]

2. WENTHAE—HE (BREEPC)

BEp
p=195%04 [g/em’]

EERE: C,
C, =695 [I/kg/K] (T <300K)
Cp =2.386x10% +1.52IT [J/kg /K] (300K <T <1000K)
C, =1760 [V/kg /K] (T >1000K)
T BE K]

BREEE £
k=13.8 [Wm/K] (T <300K)
k=1.688x10~1.028x107°T [W/m/K] (300K <T £1273.15K)
k=3.8 [Wm/K] (T >1273.15K)
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T iRE K]

3. WEMTHAE—WE BEEPC. 2:C)

BE.p
p=4.281 [glem’]

ERELE: C,

C, =951.82 [J/kg/K]
T | BE K]

BIER . k
k=16.777 [W/mvK]}
T . iRE [K)

4. BENTHRAE=HE (S5C)

BE . p
£ =32 [glem’]

EEEE: C,
C, =837 [Ikg/K]
Cp =6.803x10° +3.919x107!'T p/kg /K]
Cp, =1464 [Ikg/K]
T . iRE K]

BIREEE K
k=121 [WmvK]

k=1.498x10" —=7.2x1072T [W/m/K]
k=34.6 IW/m/K]
T JiRE K]

£+1-3(70)

(T < 400K)
(400K < T <2000K)
(T > 2000K)

(T < 400K)
(400K <T <1600K)
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EE:p
p=PM/RTx0.99 [kgm’]
M =4.0x107 : 5FE [kg/mol]
R =8.314x10"° : Ktk5EL MI/mol K]
P &S [MPa]
T :iRE K]

BHEHEIL, SMPa<P<10MPa. 480K £T <1300K .

EELEH: C,
C, =5.191x10* [JkgK]

HHEEIL., SMPa<P<10MPa. 480K <T <1300K ,

FMYERE

N =3.639x10°T +1.029x10™° [Pas]

T iRE K]
WAL, 5MPa<P<10MPa. 480K <T <900K ,
B 4

A=3.366x107T%% wimK]

T . BE K]

SEH#EIL, ST3K<T<1573K,
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AHRETE, BN TRABRNOARSISEICHET 2L E2NEEY B E L2 THRE
HEERLL. TITE, FHREBFNTOBFERAICBVT, Lok hoinF—gE
FTbR TV 2D 2IBET 5, BT, 2. 3HEAMC, B3 1 IRLAZHREL=
TEDIANT—EREIZERT S,

—DOOFBEL=y MIFL T UTOZRINF—THFELT 5,

Qcom'ectian + Q fluid ,conduciion + Qsolr'd Jconduction = erce (A—- I)

22Ty Qoomcton AH OITIET L BT INF =, Qs consion RRE DIIRH
BB LB ZINE = Oy concion S BTRLT I O BIREIHAL L B = AN F =
Qe T2 DRBHEL= Y PRIZBIBRERETH 5o (A—DRATIE, O pecrion N
HEEER Qg comtucion T U Qoo conrion & FHRD S EFBEE & L7z,

EBIZ, BADIFZINF—8EIE, ROXHICLTROOLNB, FTHEXFEDupper &
hwwd%ﬁ%l:vb@tﬁﬂ%%%ﬁkTﬁﬂﬁﬁﬁﬁ%ﬁbd%ﬁiQmmmW"
WOWTIERBRL=y PO LHRHE Y @8 TAGH T AN T —HiEzEER T,

Qcom‘ecriun = Qcom'ecrr'an.!uwer - Qcam'ecﬂ'an.upper (A_Z)
Qﬂm’d conduction — Qconvec!ian.upper - Qcam'ecrr'an.luwer (A—3)
Qsoﬁd,mnducﬁan = Qmﬁd,mndacﬁoﬂ,upper - Qsa!r‘d «conduction fower (A—4)

ALKy FOREFHEEERTAE AN F-EROMEEE, LTOL 5%
AP ERWTRDZ, LREEAREEAIZE YRT,

Qcom'ecrion.upper = p fluid .upper X Cp X Tﬂur’d Jipper X Aﬂm’d.upper (A_S)

dT_ﬂuid

Q - fluid ,conduction,upper = Jluid (Tﬂuid Jupper ) X [ d7 J X Aﬂuid.upper (A - 6)
] upper

£43-2(74)
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I

Qso]i’d ,conduction,upper

= dT.m f!
2 [_ k solid I (Tsolid J.upper ) X (_&i} X Asolid J.upper ] (A - 7)
i I.upper

P fuid upper » EELEISERBIE S84 B S A B TR
¢, | WH S (= 5.191x10%)
fﬂuid,upper : iﬁfﬁ‘lﬁﬁfﬂf@ 8 H’ 5 %%ﬂﬁwfﬁigi’gﬁﬁ

k fluid (Tﬂm’d ,upper) . Tﬂm‘d.upper Lo Fk&b 7 ?%H]H@ﬁ"{ﬁgﬁ
A T RERESEREE S5 0 B R IR

fluid Jupper

! CBER TR OSERESE (BB, S8, ETHE. 8
| ZHE) oO#EIF
D EEMERNE B ARBNFREOSERER OMET

T

solid I .upper
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LM & T M 0.0S[mmliC B By H . BEE, SHEBONHTYEREL Y RdL.

A-1 &R A2 12, AOESEFHATE 1.0 [m/ s 1. 2.0 [m/ s 1O — A iZ2n T,
WEL=y FNAOZZAINVY—EEOBEETRT, HL, S ANVF—EROMEEIL,
—ODFHLI= Y PRIIBITA2REREQ,,,, K THBLL T2,

A CTER SR AT 1.0 [m/ s |0 r— ADE4 (E A-1), Liftd S THREROR
By MIMTT, SBHFRBOREGECLIZZAINF-BROSDLHEGIEIREL
Y. Haezmy PIBWTRQ,,., PR 15%~20% % 5D Tvh, ZhiE, WERTHR
HENEZRNAKENHLBEER 22 L. HENTAOREREIC X 5 AR HEBHE
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0.6 | —e— AR (Qconvection/Qsorcé)
L EEH DB EEEE (Qfluid, conduction/Qsorce)
i BEES FREOBIEE#ELE (Qsolid, conduction/Qsorce)

0.4 .
0.2 I AUV O SUU R ........................... -
F B
O:f ——————— e 'f:”
-0.1 : i
1 2 3 4

W=y FADOZINF -t/ r= > PHORHE

B A-1 ACZRGSEMFEATE 1.0 [m/ s DB/ — ABIT 5 TR VF—Hk

1.1 N e e e e B
lir - é - ,x. ........................... -
0.8 Lo RP—— S— ]

0.6 | —e— xiE%E (Qeonvection/Qsorce)
L —— BEM o mEE (Qfluid, conduction/Qsorce)

v PROLANF—EE/MigL= v \HORBRE

o4l - — EER RE O BT (Qsolid, conduction/Qsorce)
0.2 Lo S — S |
E -k
0 e = :
1] - : :
i 0.1 I
Fin 1 2 3 4
1=

By M

A2 AOERHHM AR 2.0 [m/ s 1DBER 7 — A BT 5 T4V F -k
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