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Disign and Evaluation of Core Flow Distribution in

High Temperature Engineering Test Reactor(HTTR)

*
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The Japan Atomic Energy Research Institute is planning the
Construction of High Temperature Engineering Test Reactor(HTTR) which is
30 MW in thermal power, 950°C of reactor outlet coolant temperature and
40 kg/cng of coolant pressure. This report summarizes the results of
design and evaluation of core flow distribution which is the basis of core
thermal hydraulics in the HITR along with the data base for the analysis
of core flew distribution.

The core consists of integrated graphite blocks and has many flow
paths between blocks which are not available to effective cooling for
fuel, fuel blocks and control rod guide blocks in the core. Therefore,
the proper core flow distribution was determined for achievement of 950°C
reactor outlet coolant temperature by the reduction of the coolant flow
which is not effective to the direct cooling of fuel, fuel blocks and

control rod guide blocks.

RKeywords: HTTR, Core Thermal Hydraulics, Core Flow Distribution, Data
Base, Graphite Blocks, Fuel Blocks, 950°C, Reactor Outlet

Coolant Temperature

* Fuji Electric Co., Ltd.
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PLhohEERD T oy 2T RbE L /1270y JOEEFRHVTRD L, BHE, LAEESE
FEBT 2 -FNASTRANZRWTIT» k.
2) RT3 A -4
LUTOEHEBAE X7 A -5 & L1, 52— 2 {EQEMI, HLRTENS>BLTHREEL
wmE L,
lal BEF» A vBABESHR (FLARTSAOA )
LEMCHEEBREBEEP/NSLBLLHICTROLSHUBEF +» Y2 VEBEES R %
E L. l

FRHFATO 7o 7 BB F + v 2 vEER &
BEEE, 100C & L, jij//T\\\w__
{b) BMEF + v & VEGEE
h, = 350, (600)Kcal/m?h<C |

(c] A7 &F vy 7HLER Sa s
hg= 400, (1600)Kcal/ m?hC
(d) BB F v ARVEE AT A F -y TREE (FLOAFKHOA )
AT.;=50, 100 °C
(e) BEF + v A AFHRE
T.w=(700°C), 1100°C
(f) #E 7oy 7 ARy H
K= (18), 36, (61)Kcal/mhT
lg) MEBTOREIERE
g. = 2000, (14000)Kcal/m¢h &~
LEDR7A-5D36 ()R LOBOLEPEMBRERINSVEFHRENLT &b S,
IhefEEE Ui,



3. L
(1)

JAERI-M 88-154

2 R PR ER R R R O S Al B B R AT
BB — R

By —2%8 3 1RIECRT, BEF» YA VHOBRESMELL, —HEEELT L. 7

- A

BA—1m5A—-6, B-1RUB-2, C—1RUC-2D3HI10yr—xThhH, B~
— IR EMICR LIBE T » v R VEGER, oo TEEER, BEE, B

7 A
v VANERBHOEE, BEF e YAV EE T ARBERUF v THAREDE DTH S,
(2) fRTHE R
RITHERAFE LI ERTFAL2RERT, B A~ 4 DBEMMCZERICEZ 5HEEBE RO
LBDTH S,

{

a) Foo THEER (hy) OMR(A-1cf A-2)
h, = 400 #» & hy; = 1600 (Kcal/ m*hC) OEALTH 1 B DHEM,

(b) #EF + v 2 B ER (h) OFIR (A-1cf A-3)

he = 350 22 & he = 600 (Kcal /m*h'C ) OZELTHI3I% D E.

(¢) BMEF + VENLFEHHR Fo v THRABERE (AT ORE (A~ 1cf A-4)

AT = 100 5 AT, = 50 C OEALTH | BDHEM.

(d) #EFr 2 AEERENQ OHR(A-1cf A—5)

(3}
Hil

qr = 2000 % 5 q. = 14000 (Kcal/mh ¥ ) &L TH 1. 8 BDHM,
(e} BEF» 2NV EHFREE (Ta) OFHR (A-1cf A—6)
Taw = 1100 225 Tay = 100 COEILTH T HDHE D,
S B Rl X O B
HOBITEHRERESE, BN A HRERO IO EFELZTEMAREREED S
{a) F+ o 7BREFR
Fiato@BE TEMABRNIBENE0OTIOREEBIERL, L0/ OFHALE
RAEHZ A 400 Kcal,/m*h'C % —FRicH W 5,
(b) @i F o+ v 3 UBER
COMBRAEZVOTIHMRADNT A =5 L4 5,
{¢) BEF» V2AEHFR/ Fe o 7HRAEREE
LB TEABIN I BENSIVOTEONSUEMREZEEREZS5 A5 100C T
—AOEA—BICHOVS, LI LFEANBRBEERICREEEZENINVCEEDOROERT
EDT, e HTEAMEOHPRINEZEZEDBEHDET S0
d) BREF v R R
FROHET, ZLEBEH L8 E/NI VDT, FHBMEBERNLIL DS = 2000
Kecal,/mh £ vy — 2% —FItHWL 5,
e) BEF» 2L EEFARE :
HEEMELAZII0COBAEE, THOCOBEL VN T ZFHARERSRS VELY
s T3, Toy =1100CHH - 2AE=—FBICHOVIES, B F+ 2 VvOEEHEEH
1O C DBV TREBRIDREUEMBAEZERELES I ik EREAILTS, C
NEMETZLY, CEHEGHOETHEF » v 2 VEEHFXEE 1100C, BEF +» ¥ 3
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WEBHABEEF » v 7HRBEEI00COY — ADLEMAEBEDNE D f 4 L F
BiEBELAS 5, _
DiEp o SMARERIDRE 7o v 7B EEERVINF +» YA LVBEEROEKEL, B
32KOB—-1, A—-1, C—-1RUB~-2, A—3, C- 2% 2/ TET, 2hic 0.9
BLELLOZEHMAREROFMNE T2, £/, CoMBHRIEENET 5,

3.1.3 RS R RE A D A B R AT

(1) Mo — =

BTy — 2B 3 2KRITART. #BEF+ 2 VEOBESNE, URIFSHETR~LLIK
ZRMICEMBCEBERNICALLIULMAT, BRKEBEZERZI00CTELTHS, BTy —
AREET07 - ATHO, BiF/ 5 A -5, PLABEMACERBTOBES &FE B
BF e v 2 v BEER, ¥y 7EESE, B 70 7 OREHE, BEF » 3 VEHE
HAOEE, BT » VA VEHTABEROFEy o THRABETH 5,

(2) MEATER

BT REFI2E, B33IRERT, £/, BN A-rOHREFEI4E, F3.5K
KRS o

(3) HEBCERFMLOHEN
HI2RICRTEBy - 2RDOEF T, EIAIRFZIARITRT I IICF v » TEEEER,
BT+ 2V T ABESONRE2LTEMBREECERBLELHSETBLE, ThLD%
ROBELPELBOLD, BACL - THZOYURABRICATE > THELLMWOFHEE L BT
EHBHEDT, RTFMICFBREERSNISHEZ—-FEDOF v+ v 7HRERE 400 Kcal /m°h C,
BEF - VAN EEFREEII0CDYr—REHWTKRDO 2ERA /N5 A -9 ¢ 3,

(a) MHF » v VEEER

(bl MEF + Y FNEHHRF e THRABEE

ARAIKBOTHEEN 6L CLLEOESR, SMAGERI/NILEEE 86.4°C
TOFMMLERETAC S, FLHAEAUATHHBEALEBERFELTHV S,

314 SMALREEOFHMA

1) FOREL 7 2 REFLARS 7 LOoMBABREKIELSEV1L/6 70, 7 H0%
Az E # (k)
() 33e 45

hin—350

500350 (Kcal/mh C) (3.1.2)

flkD = fusa(kO+ (Fuae(k)— fusak))

fa(k) = ~6.687x10*k*+2.017k+14.05

fens(k) = —8.331 X10~°k*+2.372k+13.50

(k) © Tov 7 OFHE{EE (Keal/mh<C)

k D7 oy 0 OBRER (Keal/mhT)
(FLOWNETHEE DN FREFY, @HETHRAE CORZEE)
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hin DB T ¢ v A WEEER (Keal /m*hC)

fen(k) | hiw = 350 Kcal/m?h'C OB & O S ih iz £

foas(k) o hip = 600 Kcal/m*h'C O & D% M #fzHHR
(i} 31e e

hin—350

500-350 (Kcal mhC) (3.1.3)

£k = fua(k )+ {fue(k)—fuis(k))

fus(k) = —7.711 X107°k*+1.772k-+12.20
furs(k) = ~-9.500X107*k?+2.102k +11.44
fus(k) | hip=350Kcal/ m*hC DHA DO EMERER
fus(k) © hp=600Kcal m*hC o &0 EMERER
2 FELAEH S LOMEEAERFEICHESTS 176 7o v 7 Mo EMBALER

1 61
f(k)= Zé(fs1“f15)'k+ f61”4_3(f51_f1e) (3.1.4)
fio = 2o (H— [H (AT 86.4)4 15

foo = o (FE4— 124) (AT~ 36.4) 412"

13.1
364 — __ TE T,
Gl 250 hln- 6084
36.4 — 5.2 )
le - 250 hm+2368
86.4 7_1i .
fait = 250hm+69.3
f§*= 288

AT | BEF+ YAV FRBEL Yy » THRBELOE
AT = 86,4 DA IIAT = 86.4 & ¢ 5,

fis . k=18Kcal/ mhC DB &OHMmBfzEFE

foa : k=61Kcal mhC OEBE&OHEMBLEER

fl. 7 k=iKcal/mhC, AT=j COBEOHFMAMEE
(i=18, 61, j=236.4, 86.4)

32 JRNZRAFENEREH

A TR, FRAFEESHRF (L6070 WERT 27 0 2N BERBEHOED AR
BT — 220 TR d,
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3.2.1 7 0 RfNERHREOFEHE

70 2BENBERFEREBERCEBCERS L2 HORBTEL L, Th& LT LG
WEHR, ANBEEGROERMEEH O THMWL 2.

BRI, HAoBBEAT oy 720 THRBRE LB L, v o v BIBREER S5 @S
RN T Oy 7K LCARBFESEBTE 5T &HRE N,

PIF sk flik, sRMEESE%TRd,

70 ZARABHA (=K/8) 1, BEHCEESASEA LEACERSNATHA, &0
Mckbshs,”

AP
A= (ﬁ) (3.2.1)
2p
A= A+ Az (3.2.2)
1) FiFF+y7 I
<tk ¥ >
ETERBEHRERA LY
_ m'f(96 h) [ 4
ap = (88, 1), () (3.2.8)
LT, RREBLUTOATEREIN S,
_UD_ th (4A)_ 4
R, = L _pAv(L)_HL (3.2.4)

L=12a (a 7wy 7#EMIE)
(32.1), (323)=xKkb

96 h 4 G
Ad = R o5 T T RS
(3.2.5)
192h
Cli Lg

h (HSMREE) ZEDHUTC ERTE 5,
<1 # H>
70 AMNEREANTDOEREBEASIENTHY, 7o 7AOEBRELS () A 2 ME,
YRR ) ERBEBRTH S,
LILTHRERHK 2%41 5,

_m'f 4 N,
Aszp(LZSZ)K (3.2.6)
(3.21), (3.26)=&K&D
2 A
Agb = 13K = C, (3.2.71)
e/ afnEBERLIKA2EYREC KT S, (3.2.2), (3.25), (3.2.7)
AREDVEFTF» v 77 o FENHREE
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A8 = RC:8+C2
(3.2.8)
CTTKYE, chEToRBHERYH oK =306, SHEAKELZUTOEF it LD
Bl B, |
(1) #eik7 o,z

O ESHBELVIES

FECHOMRGEEHE 3 6 HADHBHMTRINGBHEOFMRBEhEZHV 5, hidm
HMHMRBAELERr, BARF » 2 VvOBEF v+ v 2RV A A Y FIB2he, AR F +
YA A2V B (EIELZR )L EZHVTUTOE>KEDbDEN S,

_ rh +heh,
h = e {(3.2.9)
L LT,
h, = i(rzﬁﬁrz)hc — r(lfﬁ)+hc (3.2.10)
T 4 4
h: = rt+h (3.2.11)

@ BCOrsIEN
Tay 2AREESDEOR/NEE L (FE 3 CXBEHE ) 2S5 MAKBEL LT 5,
h = he (3.2.12)
(n HIHBEREN 7oy 2
%3 6 HODRBBTRINSEBOSEAKE A 5. h REEEHAFLER T,
BARBRV A AV ME (EHBREZ®R ) hE2HOTUTOLSIKEDLIN B,
(i) 57)

h= +he

1 7
r(l—i————)
= 28 3y, (3.2.13)

1
1+2J§

@ (EUHFvo 7 s =

EFEr» 7OBSOMBERICABERICET 2HELTAL, EREREB KT AL
VASHEAG SNTY B,

<HEVETR O R IE >

(3.2.5) RED AL &8 K HHT B,

CEVHBF v v TOBMEF v v 78w EFFTHE v v 78 &4k
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35Y 1.\
Oy’ = {§3+—CZS) >:2+ncza) ><2«%03}/6

= 58%/16 (3.2.14)
L5, AOHWIER (3.25) Rkb, Ci—Cixy &F 5,
<HHHOME >
COBE, 7 uARAADBORBEREBEST 3,

w )
pom Lr L)

2 5\ (3.2.15)
(328) ALV AOCHEIRC2—4C2 &9 5,
FoT, (SVEF+y v 7070 2BhiERMEBLHTOLYILEDEIN D,
o .
ABy? = R33+C2
, 16 {192h . 16K’
Clzg( Lg)g CZZ L2 ’ (3.216)

3.2.2 FHER & EBRER L OLE
) et 7e 7 C12RESDH#)
BTG A-SERUTOEBEDTEH S,
L=199m, h,=5X10"m, r = 26.5X107"m, hy =6x10"°m

h, = 10.7X107°
h = 14.5x10%m
h: = 31.5X107°
192 - .
C = @XM.BXIO =070, C/=22
4X3 .
Ce= 199 3.0, C:;=12.0

EBRERIFHAREORBEEAEL TR (FEITFr o7 ), FI8R({EVEF+rv 7K
N
2 #HE oo s (I5ERECHE)
BT A FHEEBLUTOEED Th B,
= 227m, h¢=255X10"°m, r = 28x10%m, hr=5%X10"2m
h, = 31.5x1073 }
h=34.8x10"%*m
h, = 53.5x107?

192 _ .
CI::2272X348X103::L3, Cl = 4.1

_ 4X3

Cz-—m"?zﬁ, C=19.2

RBRERLFMBEROLEEZHION (FITF v »7 ), BILIOK (K STEFrv» 7 )i
Yo '
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@ BE ey s (BRESCHDE)
BN A—SERUTOEEN TS 3,
L=227Tm, h.=21.0X10"%m, r = 28x10"%m
= 21.0xX10"%m,

192 - .
Clz-g§75X21X10 $=0.78, C/ =25

C.=23, (/=92
HEHER L FMEREEOREELFE NN (BiT¥v v 7)), BN (S SVEF v v 7 ) IC
N I :
4) HIEMBEENT o 2
FoX3 A - SERLUTOLEBDTH 5,
L=227m, h=259%X10"m, r = 59.0x10"%m
;= 3.08, C,=092
FRERELIFMBROUBREFEIBR (S IVEF +» v 7 ) ICRT,
SIEN~DE O EBREREFHERIT I BT L LEBDD 5, |
HE, Fitcd LidFEcihBonk 7 o ARNAEBRERIC7 > 25— 0. 9% U/oHE

AzHV 5,

3.2.3 7 v RRNEFFREGEM A

321 HIERLAFEEFERicET&BRE 7oy 7, SIBEERTo v 7, THASHREEIT
D7 o ZARNEIREHEREL

(1) ##& 7oy 7 ETHER

pI152mmOECHEERL, FE (32100 XLV h=002m&d5, (3216) K&K
stiFFRET B,

25 8.0 )
Azzog(Rey4—§;) [m*]

2) ﬂ@%%ﬁjmvﬁi?ﬁ@ﬁ
Btk 7— 9L 0r =61.5x10%m, h, =22.0x10%m, FfIE (3.2.13) £X Y h=335

x107%m &4 5%, (3.216) REApFEHABTHXES 3,

3.4 .0 e
AZO.Q(R883+%—2—) (]

(3} TFERACHHA LT B BRI

BEA 7 2O THBRKEEETEREOMMIZEAL TS 3.2 1 HICOR L LEBELT Fva
BWTHET 2, B3URKAKTFH= T vETRT. HFRE (3.216) REDLTFDEBD &
9 %o

3.5 . 80 y
AZO'Q(R653+F) [m™]
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4 TEXEES TS LT oy JEBER

MK S AOTHTBREE FRESET L AT 0y /EOBBICE LTS 3 2 1 HicR
LEABEREENR e 72 AV THET 2, B URBIEE: FALE2RT, BRI (3.2.16)
REVEUTFTDEED &4 5,

8.2 8.0 )
AerQQh$+7g) [m™]

b FEBEANI L T VLF LT oy 7KK
ﬁ@%%ﬁﬁﬁA%T%&%ﬁfu%Afmvﬁﬁﬁﬁtwtfazlﬁmﬁttéﬁﬁﬁ
EFANERAOTHMLT 5, BIUNCKF[mEFLERT, BitE (3.216) XL BT
EBDET A,

14.5 8.0 L,
A::Q9Gh$+3g) fm*]

33 JnRfnFro7 (TR iEREE)

3.3.1 Tuow s EREBREMNE

WLDBEF » A VEBEBRT 270 023, FORCEE, BEEBSHICK - TEE
L, 7oy 7BEEMICHEBEZELCT, BEF+vardssaffi¥e o 7EDMITY o x5k
RS EIER T %,

WP B S i OB T, RISHEEEF 2 — FFLOWNET I X h i 2T o BT, Ita
HRICESSEEEAFMLEBOBIT LTS,
AETIHFLOWNETH OE LA EORP TFLOWNETHTER» S, 7o v 7EXEEE5
e 2ZEERWMHAZET L /.

BHERDIER T - o

) 7ou s ZBRERLH
2WIEEMEFTAVILBOT, RIBEASA -5 L LTEENMEZRIFL, TORELSAH S
GBEAM o0 — FTEZER AT L7,

(a) BETF + v 2L BESH

(b) #EF +» v 2 ARTREE

c)] 7w s REOEHEZE

d) B F 2V EEHBRE
SHICHRMEROEREKEREEZ DL, To o 7EENTIBCEZELLT, Touw 7R
BREALDERNBEL LI ENS, 7oow 7EENTZCUTETSCHUERSFT T oy s
ZE#BITAITHO>TEE LI,

2 BEF » R VEIBRE S AR ED R

D7 A —sDHL, BEF+ 2 UEAERESFRIC 0T, MBEESHE 2 59EE

* BEF e rIomHMEOCE, BIFRIE,S

—26—
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S (3.3 2HBR )X VBB ZITY, BEROREZL2HHNBESHEMEF + v 20
MEES#H & L TEEL T,
B 7oy BEMATCLUETD Ty 7 EREN
7oy JBEMNTZBCULETO 7oy 7EERITEIT-T, V74 -5 L7 0w ERRE
DEFZRERD I,
4) 7oy sBERTCLUTTD 7oy 7 ERERT
oy ZBENTBCLFTO T oy VBB AT TN 745,70y 7ERBRED
B%RAE KD,
B FAREBESBHTO 7oy 7 ERREM
FNHRBERESBH TO 7o v 7EEEFEROMO B> THRITL, FHAEHREL
LIFicgir® 7o st srnd,
la) fEHTE T
Touy s BRBESICESONESLES, oy VERR -BWKEIIXTRIRT LS
HERELES, COEREFHELCLZESHMEIHML 1L/2 70y 7287 0ET 5,
Tk, BB TRBEVYDEFTAMICOVWTEREBERET S,
Ty s BESHHRETRI 7oy 7OFE2KRTET N, Tou s EERTITRIBEA
MRS 1L/ 2070y 7 1 IRGH#EEY - L2708 LT,
(b} f##r &
(I} 7o 7 BESTRBRITEE :
Toy s BESHEIRE, FLOWNETO SR EERL o BERIEMBREICLD 7
oy 7EESFMENEEEZEEREL, ELBROLIKCToy 70HRAEGEE, &
FREREEABREEL, BMEF »+ v ALVICRBIMEEA5 2 THRITET 5,
O #BEF A LEEESH '
FLATER T oy VHOBEF +» v 2 VIHBEAMIRELZEL L0 D 25, KEN
TR ELONZINHAETHD, FhmbBEBERF + v 7THRELALLEEL
S THRERRUBBROBESMC >V TEREEREZTV, EESRESCNLILIRES
mERHET26D0LT 5,
@ #EF v v R AEEERE (T
Jov s KRG, HRREEOBHEBEKEH-EZES
HL, BT+ Y RAVEERE T2 CEEE LTEE
OERBET S5, (FH320MEBH)
TLTT2CRERT T2 CLFTENE DAY F BRELF 5 v A RIEE
S VANEYEBEEENTA-FELT Ty 2 EEE
Bt L, ZEREEORZUWEEF » v 7 VELHEE AR
FiELTHRET S,
 BETF YA VEERERERO YT A -4 HRBK
DEE L,
725 CELE © Ta =1100C, 1000C, 950C
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T26°CELF - Ta =550C, 480C
@ BEF v rx L BREE (AT
BARMAEI150CEL, ~“FA-LF5, BEFy A LVEBEZEBREETRRSE
KECHBN, T25CLUTDEBRHTR, 0CELAET9TH 5,
725 CELE D AT, =0C, 50C, 100C, 150C
725CELF AT, =0T, 50C
@ JovrREREZE (AT
BAEA240CELT A -5 EF 5B,
725CLL L AT, =0T, 80C, 160°C, 240TC
725 CULF @ AT, =0T, 80¢C, 160C
& HEMBFAERGEE (To, EEMZEEE (T 20T
@, D07 A - s EELSHLEBRE, FEMNOETMEEIE IR F » ¥ 2 LEY
BEREE LI, 2750, AT, =150C, AT, =240C D4/ —RiC20THE, BEF v~
APHEED ETFRELSETEORELRTT 5,
ULDOBREDSTRBEFZEMAD I L, #BEF + v 2 VESBRESN00CDOEEGEH LLT
FEHT, BILBEICERT,
(N 7oy o EREKTRE
| IRk MM e — ABRICE S GREAMa — Fick Yy, BIETRDONA 70w 28
AR H D ST AT 5.
i 4 K4 v 1l
O ML
MBI REE L2 ZEET 5,
@ BEOMHHEL
JIFAETERFETY, BEE7 vV 2Rl TFELELTHRDES,
(=) 7o s7ZEORGEE, BERKSEME

7oy OERE, FiaBER DBHERHE), oBHs 1 -703
DOHRICE-TEE S, COHIBRBHE 7 ) - TREREZEMT 2 HICH <
DT, RERLIEHEREICL-TC 7oy 7EROBRERE, BHBREEESE
ZBLENTE B,

FI30RCBHER (741 20 1X10% n/cm? DBEOINE ) BERU#H
EREOCHEHBRUBFREEEES RS, FIAE, BEF+ Y2V EHRE
BIO0OCT, 7o 7 REEEEMNI100CETEE, BE oo 7 HOEES
@A EBEND altifivwEEL LN, COEEG 70y 2 0FEA, BRAO
MUOEZOHEAR, REKFEER, 0.0 ORHER, BEKEETRLC L4
T& 5,

S: 13, BHEE, BHBICLSTBIE—ETH3, G EBHBITHIEL
TRHEARENT BT THEH, BRHEFCHEUCTRKEI(ELT S, HichB
BERET25CHHEZEL LT, ASHED S, T25CLTTid, HEEs B
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ZdicEmER, REMOBEELBIT HARicE A, 725CETE, B
HERRIWMUZEZ2HEH 5 5EIH <,

3.3.2 #BEF eV EEBESR

R T oy TERBERAOREATRITEHD DL, BBF v v 2 VHEEAHZED S/
wic7 oy 7BESS, BEBINEZIT -1,

BE 7o JABZHOBY S 3HEAD—RBELLTEEEL5 A, SLITBBF 20
DHZBESWIC2BEHEOBENN ( 22HBEESH, EREESH ) ES5ATT oy 70R
EaHmEFHEL .

ZOBRENHAERAVTGBEAM I —Fitky 7oy 7EERZ 660 HREHME(950CHO)
T THEL, AEMHAOBVWKLILZEREERXILEL 2,

FORE, 2oREENMHORL, EHEESA LD Ty 7OEEBERAZ VI LD
B ofie WWELIBOBIFTE, CO25FEESHERET + V2 VEEESMET 5.

(1) &5 AT

(1) i &M
D BRI T T FE3IBR(2ERLFEEEFNV)
@ mAREHKH % 315K
BRI T o, s ORMEEA 3D LICHEM, KEMTEE.
cBREF v ALV RABEABEE. BMEEFESZ L,
@ MR R 33k
BEF » 2 AVBOBESNE, EHEESH, 2HHEENMMOZERICODVLTHTE
ﬁﬁf:o
() fERsER
AT R A2 B INTKRUE 318 I /RT,
2) Yo s ERET
(1) fRT&H
D BB E T e FIVVHOETABZEODES290mmdD 1,72 Jow 758 BRTE
Tl RTHEN - A08ES L LTEF AL, LR, FEER
FEO2b0ELTE T ML,
@ BT - Feeee GBEAM

BEDT: ETHRTr S CBE 25,
S F 7 ovT R BRE 660 H T 1.3x10% nem® AR Eo
it LEE LR Bk, REZER, BE2 V-7
C HEEME . THOEMERE,
() fArks R
Toy tEEREBREEE - TELAIRKTT,
IDOBIFER I VRO 2AHABELMATS B,
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O BEF ¥ R VBENT

BHEESFLOL 2 ABNBESTOLFHERERBIIRNE 0,

@ M

BT - TREELR, BRI ) -7080RTEERBIRL L, SEPET 7 v v X
M~3x10¥ 0/’ BETEEEMELNLEL, SEPHET 7 v v 25~3%x10%° n/cm?
EEFTHZIILBHERELSBBREL LH- T, SERIOHECEREEED ~T7x10%
n/cm BETEEROBMENKE IO LREEICES, CherBALLI5iCHEML,
1x10 n/cm® TREEODDOR 3BICET 5,

333 7ousREMNTZBCLLEDES

GBEAMIK L VWBEXAE A -4 ELT. MHEABL T oy 7REMNTZCRULETD T
Oy JEEBITET 7. TORER, RO EMbh -1,

1) #BEF s+ vV EHREEGR

BEF » v A LVELREE ST —YELTT o 7EREBALKLAEE, BREEESHE
CHOELF + v 2 v I 1100 CIDIBBIC T vy 7 BRRED BRAICIE 5 L &tsb -1,

2) 7oy s ZmMEEE, BETF A VEIREE
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EEbgF 7L Y AR OMFHEET10.4x100 ncm® DL EDH G E2BOTE, BLAED
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Ta=1100C DT —Rpd, Toyu 726 T—=Fic, BREF+ Y2 VEEREESEELS|
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C, G50 COAEDBERERBEIRS L,



JAERI-M 88-154

3.3.5 Jmy s EEBFMR

1) HFLRT o w7 D5

HER T2 — FFLOWNET T /6 FLMEBI AT B0 7o v 7 EBRE, cht
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gy + v wmEHFe s ThE
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b BAEEEHE AT v 7By —
(/ 3 F il (& /N @&
£ 1. 5 mm 3.4 mm
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@ HEL-RUVY-VER 2.2 x 108 AP (m?h

2y 7o v @EEEshiEic

BEKHETD 7 BOEBOZMF » » 7HEH B I mmEH 5, FHRBEIUT
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623 ||
i EEmO® G| |
K. = 0. 44 i
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V) gz —--1 7T a
Ka =100 R. "% (Re > 2000)
V) BEHSHIEEA 7 £ b
FOINEFII NI PO )T 3 v AL LZBEBEGEBRNEBOLELIC L2
EBFHK, 2k 5,
M HREAZEE 2 R (mm)
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ET 5L, [IMUMEIDA 7y FHEESIRTS:BUTORTEZ LN 3,

R—4

S1=2 { R%in™ ' { R

J
— 2 -1
) R?%cos (*-2 R)

d
+R 2R5+7&J (3.6.1)

— 2. -1, 0 _ .2 -1 9
S, =2 {r?sin (——r ) —r?cos (Zr)

+rJ2r5+E%—} (3.6.2)
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UToRTHEbLEINE,

d

—_ 4
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