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Development of Computer Program for Detailed Thermal-Hydraulic
Analysis in a Fast Reactor Fuel Subassembly (2)
— Incorporation of Turbulence Models—

H. Ohshima' and Y. Imai®
ABSTRACT

As a thermal-hydraulic evaluation tool for fast reactor fuel subassemblies with high
bum-up ratio, a numerical analysis system in which a subchannel analysis program and a
detailed thermal hydraulic analysis program are utilized interactively is under development.
This system enables us not only to clarify thermal hydraulic characteristics that cannot be
revealed by experiments due to measurement difficulty but also to contribute to the rational
safety design and assessment. This report describes the incorporation of turbulence models
to the detailed thermal hydraulic analysis program SPIRAL-II and its verification study.

In addition to the standard k- € two-equation model, Renormalization Group (RNG) k- ¢
model and Algebraic Stress Model (ASM) were incorporated to SPIRAL-II as turbulence
models. The former utilizes fewer empirical constants than the standard k-¢ model and is
believed to be more accurate especially in low Reynolds number regions. The latter treats
Reynolds stresses directly and therefore has applicability to anisotropic turbulent flow. It is
common for three models that similar transport equations for turbulent kinetic energy k and
dissipation rate € are discretized and solved by Galerkin method. With respect to ASM,
Daly-Harlow model is applied to the diffusion terms of the transport equations and algebraic
expressions related to Reynolds stresses are solved by Newton-Raphson method using
calculated k and €. A wall function (Reichardt function) is applied to each model as the
boundary condition treatment.

A verification study of improved SPIRAL-II was carried out using three kinds of
problems: turbulent flow between parallel walls, backstep facing turbulent flow and turbulent
flow in a square duct. From these calculation results, the validity of the improved program
was confirmed and prediction characteristics of each turbulent model were clarified.

I: Thermal-Hydraulic Research Group, Advanced Technology Division, O-arai Engineering
Center, Japan Nuclear Cycle Development Institute
2: NDD Inc.
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IR E T IVICRIB LT W3, 2078, RERATETIVIZ, KRR EIEEH
MOBWELRIZH LT, HIZENTH S, L L. (225DZUMICEIT 2 3#mEN 2
BRI ZNIFZCHETIE R L. BRFEEDPRZ LW EE (FHEREIRBICE
b9 2EEREY) CTRABEELIORMEPIERFRINTNZDT, BERHICHZ>TIE
BEBLETH 5,

RBUBTTETI DORE

R AR TH 2B H HERQ26)DEE L LT, BN & BRSNS
Hbo

PEEEYE ( Implicit ASM ; IASM ) Tl (2.26)iZ3h % Reynolds [ /1% X CH
RATIHET 5. T7RbB,

Y - LY,
Rii =k JPn : n :
t — &

IASM i, Reynolds Ji5112 B3 2 SEATII AR 2 @A 11T Wiz 5720 128,
Newton-Raphson ¥:72 ¥ O REMEE BV CHETILEDNDH B, 200, KK
WWHETH DD, SHEHEEI k- TEFNWITHRTELLE S,

—7i. BRI ( Explicit ASM ; EASM ) Tid, (2.26)lc3i1 % Reynolds 5771 %
ENIBRAT, ARITRRZTIHES 2. $2D B,

e (2.30)

By Ry ) + @, Ry K £ ) — &
BRI E) "

Rl =k" e (231)

EASM TlE, BB TRTCEAERTH 2 -ORKEEIILHERL, #-oT, &
BHEEIL IASM IZHARTHLET 2, LA LSS, EROEHEICBWTARELR
BIGEDH D=8, SPIRAL Cl& IASM 2 LT\ 3,
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£3E BESEER

3. 1 BREEGSAER

Navier-Stokes 2R (2.6) 2 RFEICBI U THERUL I 2 RRICiX. JEEBHEIIH LT
Euler BESARZEAT %, /=, FRICEEUTHEN. EHICE LU TERICHERIL
T 3¥EEEEZAW S,

AN EN

En—!—l _En aﬁn 31_’"+1 a ( 617"

i i e P +
At ! Ox; Ox, Ox,

4 ] J

—R})+ 7 SWCE)

FLOWER (n+1) 1B ?%ﬁﬁtfﬁ%’:?&)%f ¥. Ramaswamy 5 DFEEIE
FEUIERAT 2. REBEETIE, FFEEEORGEIE URVIEMFEEZ W T,
“EBREOREESEETT 5.

ELRHEZ. GHOENEEZZLBNWTEHET %,

ul —u" aaf a ou;"
3 1 + L—l-;; 1 (
At 8x

B.1)EB2)DEFZE ENIE. F LWRLIO T,

—R, Y+ 7" - (3.2)

17i"+1 __LTiT B 61—)',,+1
A Ox, G-3)
(3.3)DFRHEE L X, FESIZEIT % Poisson FEAPF SN,
2pn+l out
6 P ——i uJ .o (3.4)

Ox,0x; At Ox;

ALRT ANV F— k. BUER ¢ OMBELGRERACEL TR, ITHENICHERILT
%o

kn+1 kn akn .

] a =D! +P'—¢ - (35)
8"+1 L . 88 . P . .
i = D] +k—n(cﬂPk ~Ce") e (3.6)
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3. 2 EHfFEREFEX

AEITI, BIETCHES WEREBRS AR U TEMT SEREREEA LT,
EAMEEREARALRD B,

WE u;  JES P EBTRIVF— k (HOER ¢ OEABERZZhZh W', P,
k' e £ B0 32 B4 (33N (35 (BOICENZhEARME T U CHEBM
AITNERADPESN S,

Lu:ETwzj;u:lznqv—At‘Lufﬁf gi:dV

- 3.7
* 6 ui * ~n
+At fv e Ju fhdv
2 pn+l 6
fP*aP av=[p2%y - (3.8)
Ox;0x; AtV Ox;
pn+l
Juwaav = [ av - Atf BP v e (3.9)
[ Eiav = fkk"dv Atfk_"ak av
x.
' - (3.10)
At fv k'D; dV + At fv K'B"dV — At fv Ke"dv
68
ee™dV = | &e"dV—At| £u" av
eeav= foea—af n 2
- (3.11)

+AtfeD”dV+Atf£C P"dV AtfsC L gndv

2B, WHEIERG.TOMMIE, ES55EK(3.8)D Laplacian JH, FLHETRIN¥—
HEAG.10). BuEEHAERGI)DILEIEIZK LTI, WD Green-Gauss D EH % &
Hd %,

. 0 ( ou'
f;,u,. a—-(v 6x U)dV

- (3.12)
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2 pntl Dn+l * apntl
fP‘aP dV___fP.aP 0. dS — _(26P
v Ox,0x, s Ox ! vOox; Ox,
kDpav= [k "—' ?—’5"— ds
J; k —f V+ _ nj
J

Bk _)

B V@x

j;k‘D,:’ defk'ak(v +v,)%-njd5'

j:,a (+ )8k

]
[ ¥D;av= fk(ws L - )ak n, dS

J 5 O (vs, +Cy nR )—dv

‘/Ile*Ds" defs*(v—i-V—‘)ainde

Vax
j;s'D: dej;s'ae(v +V,)g—;:njds

O¢’ 0
- Va—ijag (v +vt)-5%-dV

[eprav= [ (s, +c ?R)‘;%nds

—fvgi (vs, +Cs, o )———dV

av

(1B k- EF) )

(RNG® k-¢ EF) )

( REUSHETIV )

( FEEER ko EF) )

( RNGH k-¢ EF) )

( RBUSHET I )
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3. 3 AREFAHEX

AE T, BIFITHRONEEANEREFERIIH U T Galerkin FRERELEE
ALT. ERERZAFEAZKD S,

Galerkin AIRERE T, EABEBENHEBEBE2E L. H#E u;, . ESH P .
BT AINVF— k., BURE ¢ . BLY. ZRZhOEABERIZ. AFEK L&A
EOEME LTRATHIEZ W S,

=, s+ (3.13)
P=9,P,

k=d,k,

e=d¢,

u =du,

P =P

K=k,

* *
e =D ¢,

B (3-8 (39 (3.10). BG.IIZE.)EMRATHIE, RALBESN B,

M izl = M il + At(—CL — DL, + 27 + F}) e (3.14)

S, P = ——A%Hja,,ﬁ}ﬂ + 3 - (3.15)

M iy =M i), — AtH P (5.16)

M ko =Mk J}At(—c,;, —D}, + 2, +B, —E) e (317)

M6l =M 4eh + At(~Cl, DI, + @7, + P —E,) e (3.18)
T,
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M, = [ @,0,av

a j
Ox ;

_ Ok
C,, f 'I’aujng

D, f )—dV
(BER k.c EF))
oP ~
D,, :f—f—ak(v+v,)—(2£dV
v o, Ox; ( RNG® k-¢ )V )
D,, = (va +Cy kR,,)gk v
*i ( REUBHEFI )
2. :‘l;dia(v—i—r’—)g—knde
T 0% (fZHR k. )L )
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Q0 =fs¢aa,c(v+v,)gx£njds

i)

f«p V3, +C R, ﬁ’inds

Vi ﬁdv

—dv
' Ox

—dV

J

b= [ %
f¢ ( —l——)——n ds

Ss

= j;@aae (v +v,)§7£nj ds

i

:fsdia(véij+Cs£ - )——n,aLS

_ f V.Co R——-——dV

J

( RNGE k-¢ EF) )

( REUSHETIV )

(BEEM k- TSI )

( RNGE! k- E5) )

( REUSHEFTI )

(BEER k-¢ EF) )

( RNGE k-¢ EF) )

( REUSHEFTI )
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2
£
Esa —j;q,acsz k dV

BB, FEORBEMDEZD. BETH My AT 2,

¥ 7=, BWRIE, £E, BUREOEABE W, 1. Bubnov-Galerkin 5 Tlk ¥, = @,

& 72 % 1A, Petrov-Galerkin ¥ ( Balancing Tensor Diffusivity ¥, Streamline Upwind ¥ )
TiX(3.19),/(3.2002 %,

At _ ,-,, o0,

Yo=2 +—2_ *u, Ox;

a

-+ (3.19)

6(15
u 6x

a

W, =, += F( ) -+ (3.20)

F(w)=coth£o———2— , O=—
2 o v

(3.19). (320)iCBNWT. h IXBIVEEEERE u, ZWFEOHNETH D, o KL T
BAZE L HRN,

SLRETERIC BT 2 BUEETE

SPIRAL-II Cid. EREERICBWT., SHESELD=. AIRERAERICHEN
HREZFBREATI E YEBOTFIEIPSEELTWS, Hl2iX. KHEIE D, X, %
BATH Sep LR up OFTFIEE LT,

pu=f,

U U ELRETERICB W T ELRICEE T 2 B5H( REFEROMMIE Dy, |
ELAREARERDOIEE Dig « Dio ~ ERIE Piy « Peg ~ BORIE Eiy « E. ) OEHEIL
FHEL D, REBUTHIZERT 2 ORBOTH LV, 200, ELHRERDZIEIC
BAL Tk, REUTHIZ2ERET. ZOFEF Gauss KEEZEALCEHELTW S,
BIZIE. (3.21)DX514IE Dy 1. Reynolds [EADMFIIE B 05,

0P, 3¢ﬂ
dv= VSaﬂuzﬂ s S"ﬂ :j; 6xj c?xj

av e (3.21)

b f Gauss WO 3(15(’)( on® (1))|J|(1) = (3.22)

Ox S 6x

B2ITBNT, W & Gauss RKEEFEDEAMRITH D, EFEHRZIE (1) IEHES
RICBIT BEZRT,
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Gauss KEEZ AV TELREEDO S EEZFHE T 21013, FHELRITBO TU T o4
Eiﬁ%\g Cl: 7:; 50

(1) Gauss RFEVEDOEHEE W OFHE ~ [0]
Q)R @, OFE e [0]
(3) FAIR BIER D RFTEEAZ R\ BT B Sy @, DEHE = [0]
(4) Jacobi 1751 J . #ATFI J | 175X | J| OFE e [111]
S) FIRBEER D LK EEAZR TR T D F MY @, DFE o [72]

O)FRHE u; BT HRNAX— k| R ¢ L ZNFhOAROHE - [160]
(7) FOESRADIEME D,y \ ALRABRAROIEEE Do « Dow + 2EFE Pia « Poa
ﬁﬁ]:ﬁ Eka N Ega 0)%,‘%: [200]

RN DOEIL, 3RT S EAAEARERZBE Lz &, FNEFNOLBTHEL
RORBEERBOBIRME ThH D, Gauss REVEOEMEE w . BiRERK o, L7
DITAEGTT @y ¢ WL TIX, BOICHELZEEZTEL TVEED, H£F L LR
7T v TIBWTRREEILLER N,

Gauss KIRIE T LHE (1) ~ (6) 1 BEFERG.IDICBV T ELIRFERRE.17).
G.IYPTRB VT Y, [F—DMHE L7235, ZD7=%, SPIRALI TiX, FEFER LI
MAEBRRERFFCHEE, R—OLEEZHEE LT, SFEDROMLEER>TW3,

S HIT, ELRETERRCIL, BREOFHEIZS LT Gauss RKEEZBHTB L,
RIEEEDR EIZEN D, TOEBIE, BRHERICIIHESNTORVLE (1)~
(6) 23, ELRFTEFRFICIIBEICHE SR TV A2, BIREDSIE L LTI,

®) TLELRRADBIME Cip « ALRFRROBIE Crg « Cow DEHE - [60]

ZEMTHETTRL, BETFIZAVTEE L & XITHhT, SFEAHNER
ENDDHTHS (K318 ), BIREOREITIIL DEEEOEAIL LK
M ROEF L 225720, SPIRAL-Il Ti, ELFMEHERNCIL. BREA 4T Gauss
KEEEZAVWTHET ALY IREShTWS,

3. 4 EHEFEHEEBOETIE

AT, BEEFEREEOET M IZ DN THRARB,

EETBFIRIRIC BV Tid. IR OSM B EERENCHE D LIREL T, ETEEIES u,
2RO, WIZ u, EAVTERERDOERRALEEZRET 5,

BERRSL L LTI, BRI (y7<5), BBEE ( 5<y*<30 ), ELEER (30
<y") OWTHICK LT HEAR AL Reichardt B¥E vV 3,



JNC TN9400 2003-045

ut :lln(1+xy+)+7.8[1-exp(—0.09y+)—0.09y+ exp(—0.33y*)| -+ (3.23)
K

RIZ, BT EEDORE. Prandtl OESREEGRICE DS, BEEESSICBIT 28R
TANVF— k|, BUEEK ¢ ZRATHET %, :

u2

k, =—= e (3.24)
C’l‘lz
4
uT

£, :——+ see (325)

A DRI T A BRI BV T, BHI T 5, =R, DEEEISH T = u
WKWEHELWEHEMTE S, > T, FAMERETNTH S k- EFIVTCIX. BB
BRIZBIT 5 Reynolds In 12 RATEHET 5,

R.=R, =R, =§k e (3.26)

_ — 2
R,=R, =-u,

24

R,=R_=R,=R_ =0

yz 2y

FEEHEERET IV THH2RBUSTTET IV TIE. Reynolds 62 REUSHTHER
PoEIRET 5. REUSHAEATIE. EAHEMBEEICIRN S Wall Reflection JHDS
Reynolds i /] DEEHT 28 2R LT\ 5,

HIREREIC X 2 B ERB OB

Wz, BRBEREIC L 3B EEBOMBILOFZRT,
K 3.1 IR UEBERFIIBNT, EETCERPZEICRZELUERE2IREL T,
EFREAOHRENE 2B, FHEARZ—EL T, COLE, BEELBRETS

opP 61:“3’ — coe
—a"f"'—é;——o (3.27)
Galerkin HEERZEICHWV. G2n2HBULT 3L, AP/ LN B,
OP oD,
—fVQGEdVJFLerynde—L 5y TV =0 e (3.28)
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(3.28)IC BT, IGAIEIZH LTI Green-Gauss DEEZHA LT\ 5,
b, FAMARETNVERETNE. TS o & BICBEET3
BR Ey « Ey IZBWT,

2

T, =T, =U = (3.29)
b, ZOMNUDER Epp « Ex IZBWT,

2 =v%—&y =(v +v,)% - (330)

Li2Bo WOT, Himl No=Nyp EUT, Z2ORIOER E;p « Esp « Eiz « Ep I
BLT. BIRERAERG8)Z2FETZ L,

—VVH(S—P—I'VH itw =0 -+ (3.31.a)
0x Sy

_v[/ﬂéf__vyﬂ lfw =0 | + (3.31.b)
ox oy
6P 2 ou

—W,Z—(-s;+W,25(v +v,)5=0 - (331.0)
oP 2 ou

—Wz23;+vvz2§(v+v,)g=o -+ (3.3L4)

B3NIZBNT, Wy FEBR E, TBIT2EABEH o, OBAMETH . BERFIC
BT Wy=Wy=Wp=Wyp=0xdy/4 L3, Tk, BRESEIZ. NER
TREAEEDBL 222D, NEERTIBET2ERTITENLLS =0, T
RTHFE L,

@B3ND#EME L hiX, XABE SN D,

5P (V+V')§_u_1”
~WE— W Y —o e (3.32)
ox 5
y

W=W,+W, + W, +W,

(B35, BERTFIIBVW UL, FRERZOBHARIZFREMEOB BN
WBIR—8H9 2 ( EE L. BRERETCHVWSNS ) —<)V TV v FIEFLERE
FETHWONDE I H— FMETF TR, REOEZRADER S =0, BEKOER
FREED Oy \ Sy/2 LERD ) Labhb,
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3. 5 ERIRILF—LEHERDMIE

AR ARINF— k BOEER ¢ OBMELEXNXBENICBDTIRETH Dk |
¢ DEDPRFICENENREELRIGEDPD 5. ZD0 MOEEIZREN. & |
4 @{E%ﬁﬁE?%o

9\ k DEIELUT, TRIE knn &DVEWGSIX b=k ICBET 5. TIRME
kmin ‘i?kﬁf%ﬁj_éo

kmin = kmax X10_7 eee (3.33)
Wi e DEICBIL T, TRIE emin & DVEWIBEEIX k=kmin « €= Cukmin’ /20 v 1T

BRET Do _FBE{IE- Emin li?kit.(%%:?%o

Emin — € max X10_7 eee (3.34)
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F3.1 ERAGHEFIIBT IBREQSEAT O
( REREERROBEMEDHE: )
JE Vet B BELIRFHELRF
BIME C, OFEE PREATS] | Gauss REFWE | HREMTS | Gauss KEE:
FREATFIR AV L & 0 B
BREOHEAN 4800 - 4800
Gauss REEIEZ BV L &0 _ 36 Xm _ 36 Xm
BIE O EAN =972 =972
ERAREBTD W D, _ 279X m 279X m 279X m
J . w REOHEAT =7533 =7533 = 7533
RE 4800 8505 12333 8505

3R S FIRANEAEERZIEEL T,
Gauss SRIEEIEOESERBE m=33=27 L L7,
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N, 1XEis. E, TEREET,

X ®iE N, B BEESE u, . BA% P, £+ 5, E
TSR R L RERE LT, A RORSE
AR E, EARRY—E & ThIE. KRR 5,

U, = uy=u;=0

Uy = Uyy = U, T U

EI_P_’.’: 3 = P
P,= P,= P;= P+ 6P

M3 ABEREC L BESEEEROT L
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E4F fRAELERMT

REEMET VORIEL LT, HITEREELR. SURAT v 7 7n—, BERF 7
FTa—DRTEER Lz, ARIECBWTI, FEORYBORERIIM L., &F
TAOFREEICETIHMROEREZANLE LTWVS,

4. 1 FTEREER

FREEIRET NV ORIEE LT, TR ELIR O 2 50 L=,

ATIEAR AL T, RN 2RICRE L ZERICB VT, MEOSHN 1/n 5
Bl (niZEE 5 n=6,7,8) KL —8T 30, KEFTIX, FoEOSMITMZ,
B BEDOSMIEALTYH, ERLOUERITo, 2B, hEox& L LT,
Laufer DEER!! ( Re=12,300 ) ZEHA L7,

FRHT SR
IR el A R k-2 BTN, RNGE k- EFNV, REUSAHETT L
FEAT HEIR : X 4.1 28R
RSt : AB@E - AFRERR w,=214[m/s]
kpn=(0.1u)%/2[m?/s*]
6n=Cukis'*/(8/2)[m*/§]
CDE -+ HAHER P=00[Pa]
ACHEH - EEER wu=v=00[m/s]
BDE - XWHESR v=00[m/s]
Reynolds ¢ Re =12,300

FRATERIRIZ, FRBEIE 2 6 x FREER 100 5§ DEFBEBIZK LT MEBFL (y=6)
CRITDAHELZER L 1/2 B ZERTHY . EFRHENL,. 10x100 2% ( 4
SEIA Y= ), 20100 555 ( BEHHEIA Y2 ) &Lz, BEREMEII. ADE
FIZBWTHEEZ —E, HOBERZBWTEAZ—EE LT, BEEERCK L TIX
BERISCEEA LT, $7z, ST RAF— L BIERICBEL Tk, ARERITENT
MATRIRD 10 % (YT 3EMER EE LT

Laufer ®3RER TIX, Reynolds BUIFBEFLIME U, TEEINTEY, Re=U, 5§/
v=12,300 T& %, FT Cid, MK EHMEL ER L — B IH, BLRET V& LTI,
BER k-7 (KTIXKEM B9 ), RNGHE k- ¢ 5L ( [RIRNG ),
REISHET L ([RASM ) ZERA L,

1l
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FRAT R S

K42, K431z, FiE u . EWM=FAF— k OGHERT, BITORELER
DOFEFREERTIE, FETNELMECELTIBDTREL T2, EFE=<
ANF—IZE L TLARICFHET 2R3 H 5,

KIZ, K44, ®45 K462, BLBT=RNAF—DERITTHD thms « Voms ~ Wems
DHAERT, 728, RMSEIX, REANSFHELE,

Uy =\/R_.w > Vims =\/_l—3; > Woms :\/ 2k- R, - R»,

HREHARD &, EHFHET AT, ERIFMKRS v (KB L THIFEREL —&T
DD, Vms ~ Wems WKL TTBKICFHMEL TWD, —F, FEEFHESLTIE, £
T RRDD thms ~ BEERRTRIARSY Vems WAL TIFERE K —F T 583, wyms 168
LTIREFEET AV ERERICSBERICEML TWDE, o T, EMTRALE—DBEK
FHEDFRERIL, EL LTANRUHRRD woms PIRKEFHEIZH S & Bb 3,

RiZ, X 4.7 IZ Reynolds s /I DBIWIRRST TH D R, Diyfi%. Fio, £ 41 TE
BOE u, & u, D OEE U BB R OBEEE ' Rt BEIEER TR,
Ry, DERE OEIFRAEIC LS L THENT 2 AR S 5, 72 L bEHFEET
NWTIE Ry=-vi(uy+vy) THY HEARITIERL B —HRLTVWBEDT.R, D
WRFHAORE X, Bkt v=C,k*/ e OBKEHE, +72bb, L= R F—
k OBRFHEHICH S L Bbind, —F, BEIEERICE L TiE, BEIE o, . Bk
J571 Ry EBICERLEBLS —BHLTW5S, F, BEMEESOBEERE y' 13, HY
FIA Y 2T y' =60 BE. FHSEIA YT 2TiX y'=30 BETHH, WThb
EERIS OB RASENICSH B & 505,

RBIZ, R 42 CHEETNVOHBEFTERBEOLERE T, BHER - s =T NVE
RNGH k - ¢ BT NVOFEFTEREIIAZ RV, RESHTET NV O BT E R
IXENDLDR1.6~21F Lo TWV3,

4., 2 EABR/AFvIToo—

EREMETNVORIEE LT, BURAT v 77 u—0ird £ L=,

BLMAT v 77 u—Tik, A7 vy 7HFERICBN T, ERM OB L - BFEE
MATERR SN DD, RN TIX, AT v 7R FEBRICBIT 3 HEOHA. FL#EE
DEBCELT, EBREOLEBEERTo7, 28, HEOMEL LTI, Kim b0E
BRUY ((Re=46,000 ). Kasagi 5DEBR! ( Re=5540 ) %A LT,
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42.1 Kim 5DRERIC & S5

BEAT A5
LmET L BRI k- 5V, RNGHE k-¢ =TV, REGHTETL
PR FEIEG : X 4.8 2R
RREMH : ABE - AOER uw,=182[m/s]
kin=1.5(0.003 u,) > [m*/s*]
&n=Cuky>'*/(0.09H)[m*/5s’]
CDE - HBEER P=0.0[Pa]
BCHE. DEHE. AO®, EOE - EEmMER
u=v=0.0[m/s]
Reynolds &t Re = 46,000

FEATEREIE. ATy 78 HIWZR LT, ANIE 2H ., HOWE 3H . 27 v 785
HEE 4H . AT v T7%BERE 21 H OFERTHY, ERDBNL. 568 HEERLE

(HREIA Y2 ), 154 FYEERHE ( FENEIA Y= ) & Lz, BRE
fFid. ARRERIZBWVTHRE, LM RLE—, B@REEr—E, HOERCBWNT
EAZ—E L LT, BEREERCK L CIEERE %% A L7z, Reynolds & Re = 46,000
ToHY, FBER k-c ETN, RNGE! k-¢ TNV, REUSHHET NV L 22
L7z, BiEZRE{LHEE LT SUPG & v,

49 TR LEAMERNAF—DORMHETT, TROBANBELALEIL. EBRM 7
T1H THLHOIZ LT, BEH k- T ME, A YT 2T 6.00H . FEM45E
AyvaT 598 H EROCEMANIEFHMELTWS, —F. RNGH# k- ¢ EF LTI,
WAy aT 875 H &2 THRACEALS DIZH LT, #FMHEIRA Y 2T
784 H LHEIN TS, Ay vallxd 2RESHESICEY, EREELEL
—HETHDRMREISAETNTHY, Ay 2T 686 H. FMHERAY 2T
6.61 H & FRIFEEIXSE,

RIZ, ®410(a)~(e) I x/H=1,3,56,7 BT HHE v OHH%E., K41l
(a)~(c) T x/H=4,7,13 BT HEM=RNF— k OHHERT, BER k-¢
EBTML, ERREREREEDEL —KT58, BAESLEEOEBRIELIR
M. AT v THRFOERT AN —2BRICTHETAERIH 5, —FH. RNGE
k-e B7NME, EWRIE, BERME S BICBXKICTEMT 28, Gk —i
EERIZHEEMNICOERE B —%T 5, LT, REISHEFT LTI, TRk
B, BRERNEL bICERLERL —HLTRY, AR=RAF—IERTITBR
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RS A8, EEHACIIRELS KL TW3, LTEETAL L, Ay
2THNFEMOEIA v 2 TRTFRBEOR ERR NS,

2EFTIZ, EREREVR, K412, K41312, SR ¥—LBREZH
PNOBEEFBROWNEXETT, FETNAELENRD &, FEER k- 7T, &
MERAF—, BEE, TNENOER, B WThHREDICHMET ERHS
HB, £l-, RNGE! k- ¢ ET AT, ELM=RAF—OERITH L TRIGREDOAE
BRBEL, FO), ALz RZAX—DAERRIH Sz EBEbh 3,

B#%IZ, K43 CEETNVOFEFTERFFR OB EZRT, YATEARMEELR & Rk,
BHER |- e EF)LE RNGHE k- ¢ EFVOFEMERREITIRZZRWVA, REES
EFNAOFHERERFIIFNLDORN1.6~21fE Lo T3,

422 Kasagi bDREXIZ &k DIREE

R S itk
LmEeTLy EHER k- EF IV, RNGE! k-g =T, REISHET NV
AR TR : X 4.8 2R
B : ABME - ABER u=un k=k, .=, ( K44 )
CD@E - HRER P=0.0[Pa]
BCiE. DEHE. AOM, EO®E - EBEEIERESN
u=v=0.0[m/s] “
Reynolds ¢t Re = 5,540

FEMTEEIRIZ, AT v MR H ISR LT, ADWE 2H . HAWE 3H . 27 v 7RiE
BEBE AH . AT v TR FEERE 21 H OFERTH Y, ERLSENTL, 150 "HEERS
Bl Lz, BRSEIZ., ADBRICBOWTHRE, AT LE—, BEEREFERL
—HEE, HEERCBWTEAZ—EL Lz, £, BEREMCK L TIXEREK
%A L7z, Reynolds #1d Re=5,540 TH Y | BHER k-g 7V, RNGHE! k-2 E
Fo, REFGITETNC L BT E2ERE LT,

414 1ZFR & AL = RNV K — D H 2Rk, EIMOBATE SALE, ZRD 6.51
H ThHAIDITX U T ABUER - BFT/UIX 543 H 20 EFRANRZEHMEL TW A,
LT, RNGE k-¢ ET/ViL 6.73H . REISHTETNVIE 632 H L FRKEERXR
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HEBREBES —ELTWAN, v B LT, ZBHER k- 7V TRIEER A~
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i, BT RAX—k ORKFHE. TROHERMEEDOERICL b0 TH D,
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BRIZFHLTEY., —FH RNGE k- EF VT, y=0,xH=1 ZBWT k @
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DHFAIXEMERICHEENICHERL B —HBLTEY., k OFFEFHD BIFICH
BLTETWG,

BEIC, K421, K422, AL RF— L EBREZN T O@EEFERDIX
XERT, BETLVDOEPEDLELVONEB = RNV —4ERKIE P, THY, o
EF AR EIGTET MIER LB TRV—EE2RLTWS, REGHET
JVIZIX, Reynolds S/ DI EEFERBREEINT WA P, ZERIZHETE K
Py, #RE LT, ERT I L —ORdIc B LT b RmSE 2 TR L 72
S TUW3B,

4. 3 EWMFY FTO-—

RESSTETVORIEL LT, X7 b7 —0ORTEFERE LTz,

MBEE I hTa—Tik, EiREERTLHMREEEIZBV T, Reynolds 5 DIEE
FHCRER LS B RENBEREN, TMOSHCENECDIRERE 23,
AT TIL, FREDHAR, ELRFEEDOHDMCEAL T, RRE OB EZITo Tz, B,
B DS L L TIE, Fujita & DEBR! ( Re = 65,000 ), Sata HDEBR! ((Re =
24,000 ) ZEHA L=,

4.3.1 Fujita 5 DRERIZ & HHREL

FRAT S0

FR i al S REISHET IV

FRAT SR : 423 2R

BREMH : ABCDE - ARER un=19.5[m/s]
EFGHE -+ HAER P=00[Pa]
BCGFiEi, CDHGE - EEEER

u=v=w=00[m/s]

ADHEHE - XHRESR v=0.0[m/s]
ABFE® - XIFRER w=0.0[m/s]

Reynolds #{ Re = 65,000



JNC TN9400 2003-045

FRATERIIE, EHSE (x HM ) 2D . WEMIE DxD OERE 7 hMEEICH
LT, ERD (y=0 BEW =0 ) CBIT3HHHEZERLE 1/4 &2 ZER
ThO. ERNENT. THRAMCELT 20 2%, EieERTAHEICELT 25
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iz, B4.26, K427, K428, K42912, ERT=FINAT— k LZFDEBSTH
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/" z2=0) OFEFET Reynolds ISTIDBIWTRLSY Ry / R BEFHE LR DEEIEN
Do FATIZBWT S, Ry ./ R BEFELRBFEEIFANTVE R, HHEIR v
VAl EIA v a2 DFBRBIFICEERTE TS, £, Reynolds D
FEMDE Ry— R FEROIISARTHIHRE 2B, ERTITHHENRNT
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FRAT BRIk : X 4.1 28

BEhRGH : ABCDE -+ AHRLESR un=5.0[m/s]
EFGHE -+ HAER P=0.0[Pa]
BCGFEi, CDHGHE -~ EBEEEHER

u=v=w=00[m/s]

ADHEHE - XIFHER v=00[m/s]
ABFE®E - XIPRER w=00[m/s]

Reynolds %t = Re = 24,000
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ThHY, BERSENL, EMAAICELT 20 S5, EREERTIEEICEL T 40
x40 53ENE Uiz, BRI, M, A= R X—, S8ERICEL QIEAHER
FHEEERALT, EACBELTIHRPERIBWT—EL Lz, £k, BEEERIC
<t U CIXBERRS 2 WA L7z, Reynolds #1X Re =24,000 TH Y, REEHETNVEH
WTCHRNT 2 5258 LTz,

FRATT 78 e

X433, K43412, ERFAFE v . BEFRERE (v,w) OHFHAERT, £
FRFRICBE LTI, u/U.=0.6,0.7 OEHERITIERLBRELS B LTWB B,
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4.1 HATEREELR BERE u. /U, DR
( ERME u,/U.=423X107)

HEEIR Y a

Eﬂé%ﬁiﬁa\%ﬂ% v

BRI - EFI)L

u,/ U.=4.66X1072
(y"=573)

u,/ U.=4.63X1072
(y"=285)

RNGH k-¢ TV

u,/ U, =4.61X1072

u /U, =4.57X107*

(y'=56.7) (y"=28.1)
- . u,/ U.=4.61%X102 u /U, =4.52X1072
l\\ :'E. ]/
RESET1Z T (y"=56.7) (y"=278)
¥y D OBERERRERI IR ABEERE (Y =u,y/ v)

%42 ATEARMELYG

St E TR R

HOBIR v a

( 1000 &% )

FEMSEIR v o

( 2000 =R )

EYER k- BT

7=1620 [ sec ]
( 1=38.606[sec] )
7/n=0.042 [ sec / step ]

7=2280 [ sec ]
(t=27.755[sec] )
7/n=0.082 [ sec/ step ]

RNG#! k-¢ EF/V

7=1708 [ sec]
(1=39222[sec] )
7/n=0.044 [ sec/ step ]

7=3073 [ sec]
(r=35163[sec])
7/n=0.087 [ sec/ step ]

REUG 1T NV

7= 11821 [ sec ]
(r=171.191[sec] )
7/n=0.069 [ sec/ step ]

7=7031 [ sec]
(r=41.448[sec] )
7/n=0.169 [ sec/ step ]

t D ERTEBEIELR L X OFTE
T EBEICEETSE COEFTERR
t/in: FALRT v T HizY OHBEFERE
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7/n=0.094 [ sec/step ]

RNGH k-¢ ET/V

7=1434 [ sec ]
(r=040252[sec] )
7/n=0.036 [ sec/step ]

7=3661 [ sec ]
(1=037166[sec] )
7/n=0.098 [ sec/step ]

REGS ST IV

T=2254 [ sec]
(+=0.39061[sec] )
7/n=10.058 [ sec/step ]

7="7228 [ sec ]
( +=0.35754[sec] )
7/n=0.199 [ sec/ step |

t 1 EEIBBRELR L & OFTEA
v . EEWEET D COERFTERRE
t/n: BADLDRT v Hi- 0 O EFTERR
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#F44 EABAT v TF7u— AOERSHE

y u k £
0.000E+00 0.000E+00 7.998E-05 3.185E-05
2.465E-03 7.925E-02 2.029E-04 1.287E-04
5.249E-03 9.624E-02 1.529E-04 8.419E-05
8.395E-03 1.044E-01 1.269E-04 6.364E-05
1.195E-02 1.096E-01 1.096E-04 5.107E-05
1.596E-02 1.147E-01 9.252E-05 3.963E-05
2.050E-02 1.191E-01 7.827E-05 3.085E-05
2.554E-02 1.236E-01 6.365E-05 2.261E-05
3.058E-02 1.265E-01 5.293E-05 1.715E-05
3.561E-02 1.291E-01 4 226E-05 1.223E-05
4.065E-02 1.297E-01 3.845E-05 1.062E-05
4.569E-02 1.291E-01 4.226E-05 1.223E-05
5.073E-02 1.265E-01 5.293E-05 1.715E-05
5.576E-02 1.236E-01 6.365E-05 2.261E-05
6.080E-02 1.191E-01 7.827E-05 3.085E-05
6.534E-02 1.147E-01 9.252E-05 3.963E-05
6.935E-02 1.096E-01 1.096E-04 5.107E-05
7.291E-02 1.044E-01 1.269E-04 6.364E-05
7.605E-02 9.624E-02 1.529E-04 8.419E-05
7.884E-02 7.925E-02 2.029E-04 1.287E-04
8.130E-02 0.000E+00 7.998E-05 3.185E-05
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