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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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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,
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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
Nun, Nueo ToZfRAUL. 4 WAERZE BT L ﬁ%l:ﬂﬂ%%ﬁﬁ®&<%ﬁﬁﬁ%é
RHDIENTED, FLRCOBERZLEOHEBEEROERRICRATHIE. &
HEHBICEE I LMBEHEE, EMAEBOBREERE L bEETE B,
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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
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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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Yrad,
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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)

-203-



B MBS T2 <. BRI A S 2 A I 1 LT 0 B85
TKEW,

(2) WEEALID D% 2 HEMNE DS Tl MMM ~IL. F— W E 5 5 2
MBS SHEEN DD L FEREDO S < HMBENIET 5, =Nk, 5 <5
EHRMFHEFENTH O TV EDTHR L. FRH. FHAADS < 5 E#
BIEXTYZALTWBNETHD, ULHL. &< HEZEHBOELNEEDIZBNT
B 5 <HERMRBEATHEUT WAL EATh, BRI L BEELNAT LN
B.

(3) MASH ORI OBEERE, &< FRHIT & > T 8 E D — 58 H Ik 1k
EHAMEEN DD LW EET B0 CRICH LT A8 05 o8 g
SULEATHOBEERIINT 3 5< HERDHB IR0 AE< e, TR
B — I3 ORBIE S <EETH B, LEMoTe < 5HEM D5 L B b
LBV, RHOEEOBEEENS < HEBTENENE LT, 5 LN
HEBE DT EHEEBRE S TB 3,

(4) FARICFE— MBS N BHIE B TIE. BEEILEHE LTHoT b,
BAMEHEL UTH> To, »<HERIMIEE A LELNS bbRAN, =
N, TS S — I I8 X 1 BB T, TR & I A B 1
LTWaRD, BEOMOEENLS< HERNEENTHD. BEDOREE N
LT®A<Wﬁﬁﬂk%mﬁé%ﬁw&mmeﬁﬁéo:@:tu\ﬁﬁﬁﬁ
FTREEAEHT 5 EBOGRABA DS < HERORENF 2. HEOEBLILE
HOREEZAWBRZEMNTEL S EEEBH®RT B,

COLSERAMIEZEHN - EHRAHEZIZ3RBOGH L. BHEEOL
<%ﬁ%ﬁk%<§%b\:n%m%%@%ﬁﬁmﬁmrﬁ%wﬁgéﬂ%mm

BETRODDIVBEBH DI MM ok, UhULELEH., NiEits Eaolirg

-204-



?i?:é‘ﬁ%“rl::!’:’M'C%%l:ﬂ%?%Zalié:'t:l;t%"%”&‘(i@b\@'& CITIRESI,
::nBwﬁﬂﬁ%iéb'c?é6117?:1%73@(:35%—-&%%7&%”5%%W®&<§ﬂi
BORMEFALT. TORBLEHEET ZEMNEEZRETBL L . 2ok
EREFFEROEBUT, RUMARBELE, COBEE LA, RHIR R
DHBEEZSHOEEZADTRBALTEZIO T, 2OEANERIT AT N L

A Do

)

-205-



HOE

FFE—MARBOREEZLINTI2ENMCEORE

-206-



— e HBRENY - Ih TV AHEIE. BEOBER ECHAAFAK
gL, 2OEEORESZHEBAOEFEZRITEHREXOBALHEEO LR
AREOHBHNBERDIOTH S, ChIEHUTHEABEICEY—Rn#tEzST2
T, YARMBFEHEEMBHEBOBEREBICAEREREL, CThNFE
WhBEAFL LD, COREZE (BEAE) k. BhimoBEE{izibxT
EbHThRkEVNNS. BRICEAFRTHOE>TWVWBS D RWHARENT 2Tz
EEANNTVEEIE., BREBLTORGENER CERIRDLEL BN,
FoTwic, BAMIEERS - MBI I2RBOREELIN T I2ENAECEOE
GlroOoNWTKHRHEMADZILIZT B,

6 -1 EBNMEEOCEITHIE

BHOBEEENRBEZLEFCHTT3E2DI0]. »EERL BRI
HREHROHPOBEGLEEBL > EBRFEIRETCH S, TITEFIThIIDON
THEICSEEZMNATEL, 28, UTOMBETCEHEEOHEGEZHICEHSZN, f
OHHORBILBWTOERTHIZLIFEDETHR L,

WE, BEBON¥EZR . A¥EEEZR (BEEXS=R-R1) . BHOMEERS
kw32, MAEPBIUTEFOLRXR VY ARKXITERTELEETROLDI

m3 (M6 -128H),

ot |
at vdt Dt 1 19 5t 1 9 2t
Sy i=rw— = ce— (1t Enr)P— 4 ——— .
U e TV T Reprirar eI ety

(6-1)

-207-



heat flux

gravity
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12 dte 1 D2ta
N
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rectangular duct
(A=1.0)
1 side wall heated
laminar flow
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o —
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2.0

2.5x1072
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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)
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rectanqgular duct

(As=1.0)
1 side wall heated
laminar flow

6z=94.5

'\ (ke 8)/(k Dp)=0
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\ (without wall conducti on)
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0.2

Circular Tube
partially heated eh=ﬂ/4

laminar flow

o Re=2510, Pr=0.7
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Rectangular Duct AS=O.5

laminar flow

1 side wall heating

uniformly heated duct
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— circumferentially average "j"

—_— heated region average "j"
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1.0

Rectangular Duct
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laminar flow

circumferentially average "j"

— e heated wall average nju

1 : without radiation, Ag=1.0

2 ; with rad.
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without wall conduction 4
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3.0 , :
Sine Duct laminar flow
Y- . .
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== heated region average "j"
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X 1
Sine Duct laminar flow
- circumferentially average "j" T
—=— heated region average "j"

1:A4g=0.5, flat wall heated

2 : Ag=0.5, curved wall heated ///
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ZRT Do Tabb, RAMIZHEANICMMS N EREOMMBEED 5B
25 < HEHERQaold, FIBROED, EGMIIXOLS It 5D S,

Enh&Ec )
Qrae = i (6The - G Tet) (7-9)
EntEc—ENnE.
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Al RATREBERIC L IMAIUPABNEOH TRAHIELILLELE
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= Nun In(Re/R1) (4ros + g} /(2K /)
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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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