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£1 -1 BEAFEE L TR B O B 2 O B 8

Thermal Surface Surfais//Core
power area area /volume
Fusion reactor | 4000 Mw(]) 837 mz(z) 1.]m2/m3(3)
(STARFIRE)
PWR 3410 MW 5507 m? 169 m?/m?
BWR 3580 MW 6809 m? 106 m?/m®
LMFBR 3000 MW 2681 m? 255 m?/m3

(1) Including energy multiplication in blanket.
Fusion power 3510MW, Heating power 90MW.

(2) First wall 780m2, Limiter blade 57m?.
(3) Core volume = Plasma volume
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Circular Tube
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Velocity Distribution
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Temperature Distribution
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1.0
-
= - Sparrow & Cess
o 0,8 F
o —— approx. method
) —-—diffuse reflection wall
e 0.6
o

turbulent flow

0.4 F partly heated (eh=7r/4)

€=0.2 Re=5021
Q;,,=0.189x10°H/m?

convective heat flux

BS5-11 S<HMBREOFRABRRORBE FEIH 5T 3
BHOSUMEHORE (B, On=n/4, £=0.2)
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-1.0

qconv

— Sparrow & Cess

—— approx. method

qrad.

—— diffuse reflection wall

turbulent flow
partly heated (6h=n/4)
£=0.5 Re=5021

Qin=0.189x10S W/m?

radiative heat flux

) T

M5-12 S<HARRLENRBRRORBEFHIFIINTS
BEORMMERHOEE (ME. 6n=m/4, £=0.5)
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<

S — Sparrow & Cess
o

—— approx. method

—-— diffuse reflection wall

turbulent flow

partly heated (eh=n/4)
0.8 F  ¢=0.8 Re=5021
Q;,,=0.189x10°W/m*

convective heat flux

radiative heat flux

M5-13 S <HMBRE MR ROTRBE H 46 2T 3
EHORUNERHOME (HE. 6n=n/4. £-0.8)
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5-14

1.2 T ] 1 T

- diffuse reflection

1.0 w0
I
0.8 - €=0.05I J 1

specular reflection

0.6 -
0.4 F ei'ek="/6 -
circular tube
0.2 .
i e N T
0 Iy 6 8 10
Z/r,

RERNTEO S HHAZBICN T IBHEORNEH OB
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HEL: RBOKROWHBAGEREISHERII L > TEEIREL,

RAE 2 : HHE EOMEEL, MBEER., FmBEBEEhEhOEHE L

UTH X B,
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HEDSSHHETBITEX BN,
CNEDOIREDS . RELE, EOSLFHRHAOEMFEIIB VT b, Wik
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RIS -SHICBREBED TH D, iz, HE3E. HAKTHOMELELN S
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NEBED PEOIEZEELLAWN, BEBEADESZ2RIEEVEECERIT 2,
THEI, FHESE. CORMUHECLERT2MOBMIOBETH. chilF
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Qradh = EnoThi-en(l-cc)oThéten(l-ec)(l-en)ocTri-...

(fn&sBEf)
- ECGT04+80(1“8 h)GTcd"Ec(l"EJ h)(1‘50)6T04+....
( 3k &8 BEf))
AL (G Thd - o Tet) (5-14)

EntEc-EnEe

cikFEM#HMEEEER T, CORXEFTEREDSL

I TIRFh i mEwEE Z,
HEBRBEZRIXNLE—TH D, EHICMBEBOERER TN, NEAHEE O

mER (Null) oE&RAMN S,

Th = Q°;;:“ gﬁ + To (5-15)
MBSO N RHBFTRQeonvnld. MBBEDTRXNWENT AT ELD,
Qeonvh = Qin ~ Qradn (5-16)
ThHBNb.
(5-17)

Qin"Qradh Dh
T me——————— e}
Th o m To

Ed, —FH. FMBAMHBOBREERE T . ARICENBHAOREZERDOES

&b,
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Qconvc Dh
—_— -
ek To (5-18)

Te =

REVFEHANTAESHANICBALTWR LT 3L,

Qconvc = Qredh X Ah/Ac (5_19)
An, AcldEhENMEEE FENBEIOEM
ThHhBDEFEALNDZDT.
- Qredh Ah/Ac E\. + . (5_.20)

Te
Nue k

choZGB-I)XTRATHIE, ROXS R0reanicETZA4RFEXNE SN B,

EnEec Qin-Qradn Dn
raan = o = Ty
dreosn 5h+5c"8h50{ ( Nun k »)
ra An/As D
- G(M_L Al Tp)a}  (5-21)
Nue k

COXCHEBUDD WEERHNIRDELSLKFOEVWES (EREOBE) O
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RHDIENTED, FLRCOBERZLEOHEBEEROERRICRATHIE. &
HEHBICEE I LMBEHEE, EMAEBOBREERE L bEETE B,
MS5-15. l6RBCOFETKOEBEERBEIUTHERND S FHEHORE
F(SLHBHEE. WAFEGEORE. FMAFEHAOBRE) 2RLEDDTH %,
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1;0 LI 1 1 { 002

rectangular duet -~ ---- numerical results
© (A=1.0) ————  approx. calculation
S ! 1 side wall heated i >
o . =
laminar flow ty
0.5 -1 0.1

————
—- . —
———
—
-
—— -

- —
-
-
-
-
-

______ "* Qm/aTo*=1.54
————— oT6> (k/Dp)=2.25
(} ' | . QF#IE%E@=¢18

0
0 0.5 1.0 1.5 2.0 2.5x1072
1/Gz

BS-15 ERMEFECLLIORDEI HERORT (MEFZ R BB, Ae=1.0)
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1.0

013 '
Circular Tube
partially heated Op=m/4
o laminar flow i}
Qin _ 0Ty’ _ ce - £
| i 18 =135, epmec = 0.2 o
0.2} Re=2510, Pr=0.7
qrad,h
tw,h numerical -1 0.5
approx. approx. E Jp—
numerical ’___.—-——""
0.1 - —
/
tW,C numerical
& approx.
0.0 ' L_1g,0
0 10 20
Z/Dn

H5~-16 EBMNEEECIDRDESNHEHROBRTF (HE, 6n=1/4)
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1.0

Yrad,

0.8

0.6 |

®5-17

—— Liu & Sparrow [12] T /TO

———  present method 7
3 —
OTO/(k/Hh)"‘] .O

4
Qin/OTo'] .0
= €e =1.0

€h

= 1.1

parallel plates

T
1 plate heated h
Re = 2500 M\X\\m \3\\&\\\“\&\3\“\&\\&“\&&‘
Pr=0.7 ,..
laminar flow FEESEANZA

LIuo DR EAFEORBLOLE (BHERTER)
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WE, BEBON¥EZR . A¥EEEZR (BEEXS=R-R1) . BHOMEERS
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heat flux

gravity

M6-—1 BRNHREBLBAOBMEENHLETIBSORITET I

-208-



Bfrn:
12 dte 1 D2ta
N

0 = -—

ror or rzp a2
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BAE (r = 1) T: (6-9)
ke Dbe | 2%
k r r=1 r r=1
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0.3

rectangular duct
(A=1.0)
1 side wall heated
laminar flow

tw h

o —
-

(ke 8)/(k Dn)=0

| L

1.0 1.5
1/Gz

2.0

2.5x1072

M6-2 EBEBEEORBCNTIENHRCEORLE (EEEE. A=1.0)
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0.3 ! |

Circular Tube
partially heated 6h=ﬂ/4

= laminar flow
Re=2510, Pr=0.7

0.2 —  heated region

- = unheated region

M6—-3 BHEREOCOREZIINITIEAMCZEOCOEE (HE. On=7/4)

=212~



AR O—WIFNBEBAANDEENZED TH Do T OEE TR, HIEE N D
GEROWBIE., BLBRELHEROBBLACHMTVBL VWL B, CAB0D
o7 EHMIEBRT L. WENORE IS T HE ARG X3 NS
BEOET GEMMMEREEOLR) &, BEBORRIE-TAS DL
M B, CHEBEBORBEI L > TRERERET T2 LD, MBEED
BEAKAERINIBEOHEHNHL LT, BEROBRENASC RBEHT
5 %o
RESIHTIEAREEOBEE XD HMIETARS D, BEEEOR
BENEAOAFHI T BENBEEOBEEEG - 4~5 R E. “hb50
RUSRSNBD &SI, BERBE BT & o T Je T A0 > B¥ I 5L 1ok 2 I Aah s
~ FEMBHBEAEE T LR LTINS, ChEERBREENED I &> CHES
NTWBEDTHD. HAOEREOS 35 HEROHBELBLERZATS
Bo COZLML, FH—-LMBSNIHBEOBER T 55 HEROBS
LEAERGEEOREE, bIRERILES CLNTE B L PESNEM o
NIZDOWTIEET-2BETH UL BRBZZ LT 2,

6 -3 BEFBRINTIENMBEHEOEYE

Eﬁﬁﬁf‘i‘?b?&&’)(:\ BRNOEAMBEEE. HHEEMER. MEMESICMT
AONEBRAEO— B2 EMBARBEANIRIZEANL S M6, BEERIZLS
CHERCEROEEMNHOIDLDAZEELOND, M6 -6, 7t ThEhl
EEEZMMBINDIEREE (A:=0.5) LELO— (Onr=7/4) @ﬁ’&bﬂﬁé
NEZMBORNRERBEOREERIN T IENMCEOBEEZRLEDOTH

-213-



0.3

0.2

0.1

< (ke 8)/(k Dp)=9. 53\
A

rectanqgular duct

(As=1.0)
1 side wall heated
laminar flow

6z=94.5

'\ (ke 8)/(k Dp)=0

(kw 8)/(k Dp)=2.38

\ (without wall conducti on)

s/D,,

2

H6-4 BHHEEORBEATASFINTIEARGEDRE

(FETZEER. As=1.0, Gz=94.5)
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0.2

Circular Tube
partially heated eh=ﬂ/4

laminar flow

o Re=2510, Pr=0.7
Gz=160

0.0

K6 -5 %Eiﬁlﬁ@%%%ﬁr@ﬁﬂﬂ:ﬁ@“6%%%&&%0)%%@’
(F®. @n=m/4, Gz=160)
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30

Rectangular Duct AS=O.5

laminar flow

1 side wall heating

uniformly heated duct
l

10*

R6 — 6 JEH— MMM OMEERIHT 2 ENREEOBE
(WS B, Ao=0.5)
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J/ Circular Tube
= // partially heated 6p=m/4
laminar flow /‘
/ /.
30 /
Nuapp . // / 7
ky 8 _ /
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1.59 /
. ///,” /C//
20 e 7]

sub
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Sine Duct laminar flow
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Sine Duct laminar flow
- circumferentially average "j" T
—=— heated region average "j"
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HMDIUNTERV, LENST, SO>S RBEENEDREOBREHIZEN
T ChoDEBRIENT IR ERERNCHET A L ABERTRTS 3,
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THDIZMNE, ZORXEEXh 50z ET B L. SL<HERIIL>TEEXHE
BRBIOT74 UHRBEIROELD I3,
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EoETHRAEED., (T-14)RXNIFENO¥ESTE LI RTHEBIZIL>TELS
BEHOEBEENOREINTED., COBRLEAFAAGETREELR,
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condition Nuy

Dittus-Boelter 37.91

no compensation
(fine mesh) 17.64
(coarse mesh) 12.16

modified temp.
gradient(fine mesh) 45.70
(coarse mesh) 51.42

modified wall
temp.  (fine mesh) 37.00
(coarse mesh) 35.98

Gz=338, Re=12550, Pr=0.7
circular tube
uniformly heated

fine mesh: r(0)-r(1)=1/20
coarse mesh: r(0)-r(1)=1/13
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