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Preliminary Design of Steam Reformer in OQut-Pile Demonstration

Test Facility for HTTR Heat Utilization System

Katsuhiro HAGA, Ryutaro HINO, Yosiyuki INAGAKT,
Kazuhiko BATA, Hideki AITA,Kenji SEKITA,
Tetsuo NISHIHARA, Seiya YAMADA * and Yukio SUDO

Department of Advanced Nuclear Heat Technology
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken
{Received October 30,1996)

One of the key objectives of HTTR is to demonstrate effectiveness
of high-temperature nuclear heat utilization system. Prior to connecting
a heat utilization system to HTTR, an out-pile demonstration test is
indispensable for the development of experimental apparatuses,
operational control and safety technology, and verification of the
analysis code of safety assessment. For the first heat utilization system
of HTTR, design of the hydrogen preduction system by steam reforming is
going on. We have proposed the out-pile demonstration test plan of the heat
utilization system and conducted preliminary design of the test facility.

In this report, design of the steam reformer, which 1is the
principal component of the test facility, is described. In the course of
the design, two types of reformers are considered. The one reformer
contains three reactor tubes and the other contains one reactor tube to
reduce the construction cost of the test facility. We have selected the
steam reformer operational conditions and structural specifications by

analyzing the steam reforming characteristics and component structural

strength for each type of reformer.

Keywords:Nuclear Heat Utilization, HTTR, Demonstration Test, Steam

Reformer, Hydrogen Production, Reactor Tube, Design
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AN—7& cHEELT 3om AIE3mm SUS304
R E CH4R185.2om BESmn A a3 A 800H

IIGENE & RIE LB : 5w
EfpERE (RSEAEER © &20.5m #H0.5m B v F10mm

il AT - P8 : 3mm

AR g : BHA8TT0nn AR A AR 28. 450m
e R :3150/h

RICEAH 1K

(2) NUTT LK AGHE
AU AN ZAORES - 40kg/cn®G
AN 7 LA ZA AL 880°C
AN LT ARE :0.069kg/s (RIGE 1 A4720)

(4. 46>

(4.47)
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(3 HHEA A5H
Bk AAOHF7 : 45kg/cn®G
HEAT ZAORE - 450°C
R Z AW E - 0.055kg/s (UGB 1 AM2D)
FUERAT Z #l Ak
CHs:18.7 mol%
H:0 :78.3 mol%
H: :2.97 mol%
CO :0.03 mol¥
CO::0.0 molk

4. 1 FTFO—FEEOLS

TAO—FRIFZ. RESHOEBO S 0w A0OREEZOURAE5X 5 FHEEED
EE S, KESZUEBOHETFIICBHO OGNS,

IKERHE BORICHFHEOWRITIZ Y - TR, T o —FRELEE L THERIGD ¥t
HAETD, EROKFEREER TR, BEFSEMEE (FE~+8ke/cn?) THEZ &
NS, A7 vOERENEOCFEFEEFHOTTT 7o —FREQEE LRI LT 5, FAHH
BAREBRE B 345ke/cn? S VI BEREEHTH O A5 o OEBRBRIMEL (B LEEEHT
TOT7TFo—FREOEEIIDHVTHRI LICFIZIZEA LN, 22T, —BWNIZIThbh T
NLIKEREEFEHSbar ) TOF— 242 LT, 770 —FEELAEEIEEEZORIE
Bt~ D FE Lt U, BaTic Y- Tid. Bl U= 7V RS2 R Ui
BNV ICEB & R OB RIC 2O TR,

(1) B &t
ATIZ M7z - Tid Xk [22]) ABBIC LT, UTO7 7o —FRELRO 5,
FOSEWRERE | 400 °C | 500°C | 600°C | 700°C gO6°C | fH =&
T—AA -130°C | -60°C | -9°C -2°C 0°C| 7¥—AB+10C
—2ZB -140°C | -70°C | -19°C | -12°C -10°C | ER21IC LB
r—2ZC | -150°C | -80°C | -28°C | -22°C -20°C | F—AB-10°C
r—2ZD -10°C | -10°C | -107C | -10°C -l0°C | BE—E
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(2) MRATRS R
RISEROH AREAERFRESH i 4. 1TLIRT
RSN IIC B BKBERU A Z VOMBI DO TEEST S EUTOE IS,

kFE AT

(wet mol%) (wet mol%)
rF—2ZA 37.86 5. 12
r—2ZB 37.10 5. 44
r—2C 36. 33 5.76
r—2AD 37.41 5. 30

2 BAaREI LTT7 T o—FRERICEL (F—2RA) 5L, EBRKROMRIZINER
L. BEAY ViZb%EIT s, #Im77u—FEEZINCEKL (yr—2RC) &£5&, £HKEFED
WRIL2% Y L. BEA S VIZ6% RT3, X, BRT AADBRRO 770 —FREVMECT
b BOOT7TFo—FBENRELG (F—2ZD) EAERA ZAHROKE, A5 OHRBITEFELS
54,

4. 5 [EEHZOMEILLDLBHENIADEE

EEH A EBRBEAAEAY 100% (T3 ZAEMY) ETVRAEE LICBEEOIFAE
RBEBOHMENI~OEEII DO THREZT -7

(1) miies%#
s E I D EIC Y - T, WiIREREERE L,
(a) KESKKYEBORIK., TiERHE &9 5,
(b) KEGREBOAON AKE (EBR&) 2 -£LT Do
(¢) IRESHWHEBAOFZADS /CHII—EET 5,
(d) KRELSHEBAOH ZADKESKBLELET 5,
(&) TIVAAEDORART ADMKRIZUT ET 5,

CH. 90. D6valk
C:Hs 4. 93vol%
CaHs 3. 30vol%
nC:Huo 0. 96vol%
i CeHuo 0. Thvol%

(EBF—s%2BEL LI, )
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HREER
EAESR BT BT AFAETABREROBMEN T OHEZRELUTO LS ITRT,
- A 0B DEE
ERERERE — v A3 v A Table 4.2
s TIVERAEDEE
ERERERE - fwA/NF A Table 4.3

(3) F¥im
HEEREABEBTALUTOLIICE S, BUKERKEHORICE L FDEEETT,
A% 100% TR A B
(77 AAEHS)
(a) REA ADHHRE (Wn'/s) {. 00861 0. 00773
(b) A% E&E (Nm*/s) (L. 00478 0. 00466
(c) /RERGH S HOME OKFERAS ) 37.10% / 5. 44% 36.74% / 5. 36%
(d) /RESKYERHEIKRKRE n’/s) 0. 0328 0. 03215
(e) BT TIMBG
- RS (kP i4.49 14.57
- Bibies Hinse (kW) 8. 41 9.92
- R A 2 AN EE (kW) 41. 32 ' 4¢. 80
- R A R BEREE (kW) 26. 66 26. 40
(f) HEFHREZE (Table 4. 4880 _
- FREn#EE °C) 173 176
- lREng Am#E (0 282 283
- BRH 2GS (°C) | 281 281
- BT A BEREZR (°C) 135 135

(DDOFREED FT. BMERZIAHELLER. TLVAAMEORKTAEHOIIGE, B
FIA ZDMS BB %EBES L H D, X, KRELWHE B O EKA ZMARIEKFEDH KL
6RREE T L. ERKRREHZHIBET T 5.

RS S RREAMRZIIOVTA L E, TR ENZRBEREL LN, KR
ORI, BEMABETLIBERE, KEBHNAE TIUBETHLI L, HH0UD
BELTOACAAEARABOPTHIETEELEEL BN 5, _

HE IR RS EIR . AR ABHERIC OV TR TR A ENRBBEN LS, LdDE
FHMEASE L IEr s F B I, RRBBOEM /NI L ART AGHET]. 3% R
B, HRA ABHETIUYRETHLI L0, GRARKBOPTHETESLEL 605,

PEOZ s, BEHE LT VWAE VAT ALIIE TR BRAXELERRAAELELT,
TR A QTR ZEBNTBE, 77 ANELBRTETOKEEREBOBETHRONS
bOO., BMEN L L, BEOBIIAESHERULOERSZIENTE S, X, BAXBRFHOK
BroWTHRKTRBITAEANEINOLIENS, FTHREBAEHROKMEBRLTHECILT
HIGTELEEZ LN S,
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Table 4.3 ERILERE — AT VA

RAERRE A MLEEY 3% T/ - AURE (%)
o] p (N0 FEE CCIEh (aty) i ke/s B CCIE A (atpd7i B (he/s) | (koal/kg)l Hoe CHZ JC2HB]C3HB[ nCAHID | iC4HI0 | H2 O F2 CO Co?Z N2
AU LS A
AL A RO Hi 100, 0 403 0.0690]  100.0 40.3 0. 2070 100 0 6 0 0 0 0 0 0 Y 0
ALY AN SRS A C K2 100.0 40.3] _ 0.0680f " 100.0 40.3 0. 2070 100 0 0 0 0 0 G o 0 0 0
ANGLA A AR O H3 920.0 40.2] _ 0.06%0] 920.0 40. 2 0. 2070 100 ol 0 0 0 i 0 0 0 0 0
KEFRREAD H4 £80.0 40,00 0.0650] 8B0.0 40.0 0. 2070 100 0 0 0 G 0 0 0 g 0 e
BRI NBMO H5 600.5 39. B 0.0690]  609.5 39.8 0. 2070 100 0 0 0 0 0 0 0 ¢ 0 0
ERAREAN HE 609.5 39.8]  0.0690] 609.5 30.8 0. 2070 100 0 0 0 0 0 0 0 0 0 0
EEAREED A7 558.5 39.8] 0 0690] 5585 198 02070 100 2 0 0 0 0 0 0 0 0 0
Erfan HB 558.5 39.8]  0.0690] ©558.5 39.8 0.2070 100 b 0 0 0 0 0 0 0 0 0
ERELD H9 280.0 39.8]  0.0690] 2850 39.8 0.2070 100 0 0 0 0 0 0 0 0 0 0
A MEER {1 A K10 280.¢ 39.7 o] 7850 39.7 0 100 0 0 ¢ 0 0 0 q 0 0 0
H11 280.0 3978 0.06%0] 7850 397 0.2070 100 0 0 0 0 i 0 0 0 0 0
Hi2 136 0 39.7  0.06%0} 137.5 39,1 0.2070 100 0 0 0 0 0 0 0 0 9 0
H13 126.8 39.7] _ 0.0690]  137.5 39.7 0.2070 100 0 0 0 o 0 0 i 0 0 0
H13 129.8 39.71  0.0680]  129.8 391 0.2070 100 0 0 0 0 0 0 0 0 0 0
Hid 100, 0 39.6]  0.0680]  100.0 39.6 0. 2070 100 0 0 0 0 0 0 0 0 i f
Hid 00,0 39.5]  0.0690]  100.0 35.5 . 2070 100 0 0 0 0 0 0 0 0 0 0
$1 20.0 47.0]  0.0567 20.0 41.0 C. 1670 2 0 0 0 0 0 0 100 0 i 0 0
52 240.8 47.0] _ 0.0567] 240.8 470 0.1670]  247.8 0 0 0 0 0 0 100 0 0 0 C
53 240.8 46.00 T 0.0567]  240.8 46.0 0. 1670 747.8 0 0 0 0 0 0 100 0 0 0 0
54 258.8 46.0]  0.0567]  758.8 46.0 0.16/0]  668.4 0 0 0 0 ] 0 100 0 0 0 0
55 258. 8 46.0]  0.0452] 758 8 46.0 0.1356]  668.4 0 0 0 0 0 0 100 0 G 0 0
56 400, 0 46.0]  0.0452] 400 46:0 0.1356] 7651 0 0 ol 0 0 ) 100 0 A0 0 0
BREHATA }
BEHY AREF O R1 40.0 471.0|  0.0064 40.0 41.0 0.0191 0| 90.06 4,93 3.30 0.96 .75 0 0 0 0 0
By ARNRG{yH O R2 0.0 47.0[  0.0035 40,0 47.0 0. 0105 o 7343 0 0 0 0 ol 75.30 0 27 0 0
SRR E IO REN {1 A R3 40.0 47.0 0 40. 0 4.0 D 0 _ 82.5 2.1 1.81 0.53 0.4) o] 13.86 0.12 0 0
LR AL R4 A0 G 47.0 0. 0099 40.0 41.0 0.029? 0] B2.56 2. 71 1.81 0.53 0.41 0 11.86 012 0 0
LR O RS 350.0 4707 _0.0099]  350.0 47.0 0.0297 0| 82.56 2. 71 1.8 0.53 0. 41 0] 11.86 0,12 0 0
: R R (AR RG 350.0 46,3 0.0099]  350.0 46.3 0. 0297 o]  82.% 271 1.9} 0. 53 0. 41 ol 1186 0.12 0 [}
i JREBAD Ri 350.0 46.2]  0.0099]  350.0 46.2 0.0297 0| 82.5 27 18] 0.53 0. 41 0| 11.86 012 0 0
IRMEHG RE 350.0 46. 1 0.0009]  350.0 461 0.0297 0] B2.56 21 181 0.53 0.41 ol 11.86 0.12 G i
BHNRBRA) AAD R9 350.0 46.0] 0.0089] 350.0 46.0 0.0797 0] 02.56 271 1,81 053 0. A ol 1186 0.17 0 0
S BEAERAD rio 350.0 46.6|  0.0452] 3s50.0 46.0 0. 1356 0 0 0 0 0 0 100 0 0 0 0
i ; R4 350.0 45.30  0.055%] 3500 45.3 0.1652 0] 16.44 054 0.36 0. 11 0.08] 80,06 2.38 0.03 0 0
TEFImEEEN {0 2 R12 350.0 45.3 0] 350.0 45.3 0 o 1644 0.54 0.35 0.11 0.08]  80.06 7.38 0.03 0 0
RyimR%an R13 350.0 453 0.0551]  350.0 453 0. 1652 0] 1644 0.54 036 0.11 0.08]  80.04 .38 0.03 0 C
R MmO R14 450.0 45 3] 0.05511  450.0 45,3 0_1652 0l 16,44 0.54 0.38 0. 31 0.08] 8006 '2.38 0.03 0 0
; e R15 450.0 450! 0.0551F  450.0 450 ¢ 1652 o] 16,44 0. 54 0. 36 011 0,08 80.00 7 38 0.03 0 D
ABERBERBEAD R16 450.0 450t 0.0551] 450.0 45.0 0. 1652 o 16.44 0. 54 0. 36 0. 11 0.08] 80.06 2 38 0.03 0 0
FRHRIA
IeEEG RO P1 623.8 39,6 0. §551 523.8 39,6 0. 1652 0 5.36 0 0 0 0] 4279 36.74 4.0¢% 6.02 0
A AD P2 623.8 39.5 0.0551 623.8 36.5 0. 1652 0 536 0 0 0 0l 4179 36.74 4.00 6.02 0
Jmas it 0 , p3 528.3 39.5 0.0551 528.3 39.5 0. 1652 0 £ 36 ¢ 0 0 0 47.790  36.M 4,09 6.0z 0
R AmREAD P4 528.3 39.4 0.0551 528 3 39.4 0. 1652 0 536 0 0 0 ol 47.79]  16.74 4,09 6.02 0
JEBAmERHO P5 463.1 39.4 0.055%] 4631 3.4 0. 1657 0 536 0 0 0 0] 47.79] 36.74 4.09 6.02 0
R VR A T Ph 463.1 39.3]  o.p558] 431 39.3 0. 1652 0 5.36 0 0 0 ol 41719 36.74 4,09 §.02 0
RN AR RO P 200.0 39.2] 0.0551]  200.¢ 29,7 0. 1652 0 6.2 0 0 0 0| 39.5] 4257 4.4 6.97 0
COF Rz bA D P8 200.0 39.1 0.0551] _ 200.0 39. 1 0. 1652 0 5.2] 0 0 0 o 3951 4257 4,74 6.7 D
COZREAzq b O P9 7600 39.0]  0.0551)  260.0 39.0 0. 1652 0 6. 21 0 0 [ o 3524 4683 0.470  11.24 0
SR ARBEAC P10 260.0 38.9]  0.05510  260.0 38,9 0. 1652 0 6. 21 0 0 0 0| 35.24] 46.83 0.47]  11.24 0
RS AR O P11 100.0 38.80  0.0651F  100.0 8.8 0. 1652 0 9.4 ¢ 0 0 0 760 7044 0.71 16.91 0
HAAMBAD P12 106. 6 38.7¢  0.0551 100. 0 38.7 0. 1652 0 9,34 0 0 0 0 760 70.44 0.1 16.91 0
H 2 43 MR 1 O {CHA) 100.0 0.5!  0.0033] " 100.0 0.5 0.0100 0 100 0 0 0 0 0 0 0 0 0
HASMBHO P14 100.0 387 0.0037] _ 100.0 38.7 00110 0 .13 0 0 0 0 0] 96.86 101 0 0
ZRBFMIADQ P15 100.0 k' 0.0002 100, 0 8.7 0. 0005 0 0.13 0 0 0 0 ol 6886 1.01 0 i
By ARy AL P16 100.0 0.5]  ©.0035] 1000 0.5 0.0105 ol 7343 0 0 0 0 o] 26.30 0,27 0 ¢
ILIAIAD P17 1600 0.5] 0.0035] 300.0 0.5 0.010% 0 0,13 0 0 0 0 0|  98.86 101 0 0
WIKD A
ALY AENIEA O ¢l 20.0 50| 00852 0.0 50 0. 2555 0 0 0 0 0 0 100 0 0 0 0
ALY A0 2 50.0 5 0] 0.0852 50 0 4.9 D. 2555 0 i 0 0 0 0 100 0 0 0 0
SR A AD €3 20.0 50 0.3248 206 5.0 0. 9744 0 0 0 0 0 0 100 0 0 0 0
ERN LSEHHO ¢4 50.0 4.7 03248 50.0 4.6 0.9744 0 0 0 0 0 i 100 0 0 0 0
A EET IR A [ €5 20.0 50 0.2161 20.0 5.0 0. 6303 0 0 0 0 0 0 100 0 0 0 G
R ARRBHO [ 50.0 4.9 0.1 50.0 4.9 0. 6303 0 0 0 0 il 0 100 0 0 i} 0
FERHTATA L
JEERRILMED N1 0 0 0 0 0 0 0 0 0 0 0 0 100
JEH Ah- AHID N2 0 0 0 0 0 0 0 i 0 0 0 0 100
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Table 4.4 SHZHRBEOLHBMBRUHHTHRIEE (KEE | KOBE)

A:AFv100% B 7 AMR{EE| BALE
(F7ANEFE) (B-A) /4

R SN E

ESREAREBE T 629 624

FHMEHOEE T 526 528

BRMEANDERE T 350 350

BERTEEHOEE T 450 450

STEEHBREZE C 173 . 176 1. 85%

FHMEEELE keal/kgC 0. 668 0. 661

LTREEEELER kcal/kgC 0.629 0.631

ENTUERE kg/s 0. 055 0. 055

BT =E kg/s 0. 055 0. 055

R@RE = KW 14. 48 14. 56 0. 48%
B 2s A InEEE

BHAFEAQRE C 526 528

FamAHoEE T 464 463

BRREACEE T 40 40

BERREHOEE T 350 350

SR °C 282 283 0. 46%

FNMEBELE  keal/kg™C 0. 665 0. 659

FAMEEELE kcal/kgC 0.739 0.772

FHMEFE kg/s 0. 055 0. 055

FANMERE kz/s 0.010 0.010

BB KW 9.41 9.91 5. 38%
ERH REFEIZE

BHAMEAREE C 464 463

BHAMEHOEE C 200 200

FRFmEACERE T 20 20

FRRAHREE T 50 50

SR TEEEE C 281 2811 -0.17%

BAFEEELE  kcal/kgC 0.67% 0.672

BHNFEEELE  keal/kgC I 1

BHOFETE ke/s 0. 055 0.055

FERTERE kg/s 0.329 0.325

FEEE KW 4].32 40,800 -1.25%
AR xR

BAFREANERE T 260 260

FHAHEHREBE C 100 100

SRFEACEE T 20 20

FRFEEHARE T 50 50

S TAEEE ‘C 135 135 0. 00%

FOAFEEELEE  kcal/kgT 0. 723 0.715

SRFETFELE kcal/kgT 1 1

FOMERE kg/s 0. 055 0. 055

FRMERE kg/s 0.212 0.210

RS KW 26. 66 26.40{ 0. 99%
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5. 1

At ORE

JAERI-Tech 96-053

. FEIEER

3ETHRI LIk RRKEBOMEII LT

%atErE

T ﬂufﬂ{q: &*%L&Wf‘@@uffi%%u?? unaj_o

Kﬁﬁ&g%Q LI A, & ICENBRRORETEE S ZEEEOER ) S EEE
j] u%%ﬁ%%‘fsokg/szﬁuﬁ_éo éx'éﬂmfﬁél’)b\fﬁi\ Q\—Fll’fﬁﬂ bf:ﬁ%%%?ﬂ'ﬁ_o
(LA RO EEHRE

WIRDBFEE L. EREELS o REANIFAREEE CREBEERD ., LTOHEET S,
- Ll (5. 1)
In(r/Ty) + In(ra/r) N 1
2nLAg, 2nlis  Zurla
T 1n (r2/1)
; 2mLAz
‘ PRI S IEE 3R
TI  EFBMAEERE (CC) 880 8§80
T4 ® R (0 .40 40
rl Wi EEE PR (m) c 0. 235 6. 40
r2  SHREPSAHER (m) . 0. 45 0. 65
r3 SLERA . (m) - 0. 48 0. 69
; A2 WrEMEBVZEHE (keal/hn°C) 0. 64 0. 64
i 223 SHER#AfEEE (keal/hmC) 1 7.3 17. 3
| a SRS EEBEE (keal/in*C) 10 10
| T ARAEERE O 185 180
C HRO®EHEE (T) 400 400

ST EM EREE, BN T LA ARELEFRELTOHS
(DD TR
%ﬁtﬂtﬁm_Ltf\%ﬁfﬁf@%ﬂiﬁfﬁbw\é (A AHBEIRNEL O HIREE, X-T, HOEK
HEEE, AR RFTEEERL EF 5,
&*HH(’D EX:?JF/JIU.E 4 0 OOC

BEORERIE 400°C

(3) B SV O B aHiRE |
RS ST D 2 AK AR BT, RIGESNMEEA Y 7 LA ZRE EHRITE Bo
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FoT. REEAEOREERAY Y AT AREITRBERD . LTOEET S,
A LA AR :880°C
RICENEORITEE 9007

5. 2 ERETHMF

LR OB ERAMID LT, RERERUTOLHICEE Ui, Bl RAFFIRIEED
1 RE3KDHELEBIBTH S,

HH BifL ¥H
3 R - S AMFEE BERmERERA
LS el - AN LR
B - ot AN A
A S kg/cm® 50
HREHESR |8 kg/cm® 50
RIENE | ke/cn’ 7
44-Bffl °C 400
REHEE | #® °C 400
RILENE °C 900

Lz A AT T B HEE R R . TIE A A MU A R R AR AN DO TIT S
Fig. 5. LiZEtE&EMAT T,

5. 3 RIEEDN1EOHEOFEMR

(1) FAHBEHORFEDEE
(a) THEBMRERA) BL2RICLBEFS 1
(b) [ F i mIRal ) BRI (D) MERENEZY 5AFRRO ik
(A DB/NES SHEDLIFDL)
t.=PDi/ (2000 .7 —1.2P)

i F 1 % . SCHV4
EHIEH P © 5 Okg/en?
AR 400
Mo E DI 90 0mm

R - o. o 11. 9kg/mn’
ARt BE=  t. : 30mm
BEMTFOHE 7 1.0
RNEE 4 : 2. 5mn
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19.
189,

4 0 mm
4 Omm

BRANEX L
izt AKZEVE Ot
tezt, X-TH+HTH5E,

(2) ENFEHOHERDOES
(a) THFERMRERR BIZRITXIZET
by (B AER B2R35 0D PMEMIZENZZ S FEHEER
te=PDK, (2000 .97 —0.2P)
K=1/6[2+(D/2/h)"2]

B A+ SCHV4
ettt P 5 O kg/en?
RETIRE 4 00°C
FAROAMOEZE D 4 0 0mm
EARD MO ERD2FD] h 225mm
BikicE-TEZSFE K 1
HEGROISN o 1 1. 9kg/mm2
BHROBEX . 3 0mm
BHMFOHE 1. 0
BhEX 4 2. Hm
BhEZE t 18, 99mm
i t:DRKEIE ¢ 1 8. 9 9nmm

2t, LT+ TH5B,

(3) ENERESOES

(a) T EREHRERI ] B1242150(0GE) : THHEHICEAAZT 5REEO AR c®Ed
4. (FHROFNEXSHNEDIFGD])
t2PDi,~ (200c.n —1.2P)

N7 LA ARANES T oE—NVER

{E B & F SFVAF22EB SFVAF22B
PXEHIES P 5 O kg/en® 5 Okg/cm?

AR EHRE 400°C 4 0 0°C
BEHEONTE Di 237. 2mn 50 Omn
FESI-EORNT o. 1 2. lkg/on® 12. 1kg/om®
EHEODEX t. ;3 0mm 3 0mm
BEMRFONE 1 1.0 1.0
RNEX Ot 5. 0 3mn 10. 60mm

T.s gt-, J: O_C—i_ﬁ}—t&%o
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(BELHEERM 5128821

JIS B8243 MHEE?2

(REZRIFE77 )

—EKF TS T

75w IODGHITE

A

}—‘_hr—*‘f‘j

'-{I:-HN e
‘—s—pl._.._.._.R____,ﬁ'
_LE
2
ey — &
o
ﬁgo

< Q ]
@
[
7T v UEREME SFVAF22B
FaER SCMV 4
FIU MERV SNB16§

A A7y MERTER

SFHBRART v b

FErmoff 1 a

EaEAET P {kg/cn®) 590
EaEHEE Cy 400
A RAD & 8o (. (kg/m?) 13.3
EE3EGN | HSEREE o (kg/m’) 12.1
L b AR R w 8o, (kg/on®) 15.4
BEERAEE o (kg/m?) 1 5.4
FEOHED w 8 o na(kg/mn®) 13.1
EESEEN | BEEREE 0. (ke/m?) 11.9
75 IOHAE A (mm) 1380
75 VORE B {zm) 960
HL b OHDOERE (mm) 12690
ATy NEYE G (> 1044.06
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NTHRIEDEE g0 {mm) 30
75 VEEDNTDESR g. {ram) 8 0
NTDEE h (tm) 159
FOL PFEEY M3o X3
b kA n 32
FIL b BE ds (m) 52.75
HR7 v FEREOHE G, () 1060.00
A2y MEREORE N (mm) 20.00
Ay MEEL m 3.00
T NEETRETER v (kg/ur®) 7.03
H A - EDERIE b {mm) 10.00
Ry FEOFENE o) (mm) 7.87
REICLL2E2F/E H (kg) 428060
ARy PN BIERER He (kgy 78425
HERRETOENI HE Wai (kg) 506491
ARy bEERDEE Wasz {(kg) 183776
LD ERIRE A (mm®) 32889
— ﬁxﬂ# v FEME A (mm?) 11834
WFRAKZWE Aa (mm?) 328889
ERBOH L b EMEE Ay (mm?) 63933
Av DAn « £ THRTH D,
LR A Wo (ke) 506491
ARy FESE W, (kg) 791729
FEgE R {mm) 70.00
w7 (ke) E—A T4 | E—A bk am)
Hp = 361912 ho= 110.00 |Mp=3981032¢
He = T8425 he= 107.87 {Mc= 84673548
Hr = 66154 hrt= 128.99% |Mr= 85332005
7o ool | {EHIRE M. (kg - mm) 56811073
{EHT 5 : :
e A b ATy hEME M, (kg - om) 8548298¢
75 IVDRNEDL K 1.43753
FAREE Ro 169.71
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& = h./h. 0.8839
EA g: /2o 2.8667
NTIRITHEIEGRE f 1.000090

CA F 0.7224

#m T 1.7378

A U 6.0644

% K % 0.1068

% Y 5.5186

Z % Z 2.8755

& X d 8.6648X10°
& e 0.0043
75 UOES t )| 120.00
A L 1.0717

ERREEIC BT A7 VDES

EIOHEE (kg mn?) | HFE51B6H (ke mn?)
o 1.50.= 18.1
NT DA ouw = 8.7
1.90. = 17T7.8
75 v UDEREARIGT or = B6.35 ce= 12.1
75w DORARBGT or = 4.0 gy = 12.1
(GH+JR)/2 = 7.6 gt = 12.1
eIt
(UH+C7T)/2 = 6.3 gt = 12.1
ARy MEHEODT S Ly VOES
IGHDERE (kg mn?) | B3RS (kg mn?)
1.500= 19.9
INT DEEHEIES ow =13.10
1.50..= 19.6
75 v IDERHFEIGT gz = 9.8 gra= 13.3
7'5’.//@%175faﬁ:\j] gr = b.0 = 13.3
(gy +or) 2 =11.4 o= 13.3
WE T
(ony +02) /2 = 9.5 gra= 13.3

e e e
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(5) RITEDRE X
[FERFERERU G, RSENEOHETHE 2704 XROFRS| -IED EHMN
HEZIN TV, L-T. UTOFFERSER LT 5,

(a) [FFEzRimatEE) BURIS  REICEDEZ) 2%
ti=PD. ./ (2000 .7 —0.8P)

EHAME . NAFoAXR
Hethed P ¢ Tkg/cnm?
AR : 900°C
EONE Do : 165. 2mm
FEol-EDIENH g ;0. 3 7kg/mm®
BORX 1 6mm
BHEHFOHE 1 1.0
mPNEE : 1 4. 5 3anm

tszti, -T2 ThH 5B,
Mo OEZNZTO014 X ROFERFES -EDESSIIXL S,

5. 4 RISEN 3ADBE OISR

(1) EHEHRDORDOES
(a) [HFERMRARER ] BUEFIZILSES - 1)
(b) M ESEEAELRN] HI2RIS (DO AEITENAE5% 5HE RO Rk
(JARDB/NEE <HNEDLFD])
te=PDi, (2000 .7 — 1. 2P)

{3 4 ¥4 : SCHV4
sREfEA P . 5 Okg/en?
REHRE o 400°C
WowE M 130 0mm
FES-EROWH oo ¢ 11, Skg/mo?
RO EX t, : 4 Onp
BHEMFOHE 1 1.0
B/NEZ 2. 5mm
wNHNEX . 28, 2mm

L t:2OREE t 28, 2mm

te2t, £-TF+5TH 4,
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() FHREOEHOES
(a) T ERmMARE FLRFICLDLES: 1,
(b) T4 ERmeERN ] 12435 0 (1)  PEEICENEZ 5 FEIEREIR
t2=PDK,” (2006 .n —0.2P)
K=1/6[2+(D/2/h) 2]

{35 F 4 #4 . SCHV4
HmEtlES P ' . 5 0kg/len?
Xt imE : 400°%C
EHORBOER D : 1300mm
EHONFOEED2ZO] h 0 325m
Bhicd-TEZ AFE K |
FHES-ROIEN o, : 1 1. 9kg/mm?2
BiROEX € 4 0mm
BEMTFOME 7 S
BNNES 1 2. bmm
BNHEE i : 27. 4 3mm
.t REE T 27, 48mm

t.2t, T t+Ha2THB,

(3) FHBEREGODRES
(a) M ERERASRI S2&I2(1)0) 0 THECEDFZ 2HERORR] g
%, (RO ENEZ=NEDIGD])
 t=PDi/ (2000 .7 —1.2P)

AN LA ARANES zvk—VES

f# F A Ft - SEVAFZ2B SFVAFZ2B
BEEh P : B Qkg/en? 5 0kg/cm?
AR o 400°C 400°C
EHEOAE D 283, 7mm 50 0mm
sl NN o, 12, lkg/mm? 12, lkg/mo®
BEHOEX G 4 Omm 4 0mn
BEHFOHE 7 c1.00 1. 0
BAEX ¢ : B, 0 2mm 10. 60mm

t.2t, £ THFTH S
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£HE21E
2 75 VUDISIRTERE
S AR

le— 1 : hn

]—-— Iy~

ARy MERTER

75 v SERH |  SFVAF223B
FEEHH | SCMV 4
oY S ERH | SNB16

|

DEFERESZAS v b

EEOfAR 1 a

ESEARES P (kg/cu®) 50
BEEREE C) 400
75 U0 % & 0 2 {kg/mn?) 13.

HH5ELN | BSERAEE . (kg/m?) 12. 1
‘ ) & Bo. (kg/m?) 15.4
KL FDFESELH

BEEREEC, (ke/m?) 15.4

FEOHED % 8 0 o (kg/mn?) 13.1

HEIELS | BEERAZ 0. (ke/uw?) 11.8
7% v UOHE A (an) | 1820
75 v UORE B (aw) | 1300
AL PO BOER C (zn) 1680
# Ry NEDE G (um) 1384.08
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NTHRIFEDES go (nm) 490
7o Y IVERDNTORE g2 (mm) 100
NTDEZ h (mm) 180
SN 103 MG 4 x4
U b A n 40
T bEE des (mm) 59.67
ARy MERREOIAE Gs (mm) 1400.00
H Ry y MEAEEDIE N {mm) 20.00
FZE y MR m 3.00
B/ haEtETED y  (kg/mn*) 7T.03
H 24w PEOERIG bo (mm) 10.00
H Ay NEOFE b (mm) 7.97
AEICLLLFTE H (kg) 752263
H R4y PG BERE He (kg) 103964
{EHRETORNIG FE Wa (ke) 856227
ARy MaftR/hEE Wz {kg) 243623
LD {ER RS A (mm?) 5559569
o A2y PERE A (mm?) | 15820

FE A

WFNAKEWE Ax (mm®) 55598
EEO AL b EETEE A (mm?) 111857
Ay 2Aa - £2TH2TH L,

{EF KA W, (kg) 856227
L MEE

ARy FEME W, (kg) 1289411
g R (mm) 90.00

W ' (kg)

FT—A v FF—4L{mm)

= — A b (kg - mo)

Ho = 663661 hep = 140.00

Mo =92312540

He = 103964 he = 147.97

Mc=15383553

Hr = 88602| hr= 16899 |Mc=14972852
55 i | ERRE M, (kg-mm)| 123268945
fefis s
Z300 ARy bEME M. Ggoam | 190763998
75 UDRANERDHT K 1.4000
FAKEE h. 228.04
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% h/ho. 0.7883
= = g, /8- 2.5000
N TEHEE B f 1.0000
EA F 0.7471
N < T 1.7542
A - U 6.5221
% % % 0.1276
& " Y 5.935]1
ET ' Z 3.0833
N d 18.6495x%x10°
7 % e 0.0033
I3 IDES (m)| 160.00
& L 1.0907
EEFEEEICEF 75 L UDBE
IHDETEE (kg mm®) | FE5IEICH (kg mn®)
AT OHEAGS ou= g7 o= 181
1.50.= 1T7.8
75 v VOEREEGH gr = 5.8 o= 12.1
7T v VDEARIGT or = 4.2 g, = 12.1
(o ~or ) /2 = 7T.3 o= 12.1
HEEIET
{(gw +o1) /2 = 6.5 o= 12.1

HAAry VERBOT7Z /UD@ESR

IEHOHEE (kg /wn®) | FE5IEET (kg an®)
l.Safaz 19.9
INT DEAEIG oa =13.5
1.50..= 15.56
75 v UDERARIGT cr = §.0 o= 13.3
75w UORARIGH or = 6.3 gra= 13.3
(gu +or ) /2 =11.3 gra= 13.3
HETIE
(UH +0T)/2 = 8.9 g:1a= 13.3

:; = '(—{_'5}_(;—3 ’50




(5) RIVEDCIEES

(SRR ERR T, RRENEORB TS L AT 04 XRO
HEXNTIOEL, £-T. UTFOFEEBZER VLT 5,

(@) TR IR ERI S BURIT  WEHIDENERIT 5%E

JAERI-Tech 96-053

t:=PD.” (2000 .7 —0.8P)

15 JA 464

axEtAEd P

A EHiR

BEONHE D

HAES SRV o
EDEX L.
ISHEMFOME 7
BENESE U

t. 211, J:CT+§}—C£%D
Wo. .DEENAZATFOAXROFBARFET -IRDEES0T L B0

N2 FoA4XR
7 kg/cn®
500°%C
165. Zmo
0. 3 7kg/mn®
1 omm

1.0
14. 5 3mnm

FFES SR IGAN
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6. FHll=OKE

RETE, 2ETHNIRBEBAREICL T, ABEEWEBICRET 2 5HUIBRII O T]R
%Lt%%%ﬁ&écﬁﬂﬁﬁ%%ﬁﬁ@i%ﬁﬁﬁﬂT@ﬁbfﬁéo::T\mﬁﬁﬁg
BRI LHBAE Y TahRLTH 5,

(1) EHEEEHER
- KESWE RO ERR B
— AR B ORI R
~ ESTREEE . RIGEORRHEREAF MO 1E
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