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Out-of-Pile Demonstration Test of HTTR Hydrogen Production System
Structure and Fabrication Technology of Steam Reformer
(Contract Research)

Yoshiyuki INAGAKI, Yoshihiro OUCHI, Katsuo FUJISAKT*, Michio KATO,
Hisao UNO, Koji HAYASHI and Hideki AITA

Department of Advanced Nuclear Heat Technology
Oarai Research Establishment
Japan Atomic Energy Research Institute
Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received September 9, 1999)

A hydrogen production system by steam reforming of natural gas, chemical reaction; CH,+H,0=3H,+CO,

is to be the first heat utilization system of the HTTR. Prior to coupling of the steam reforming system with the HTTR,

production rate of 110 Nm*/h.

an out-of-pile test facility is presently under construction in order to confirm safety, controllability and performance of
the steam reforming system under simulated operational conditions of the HTTR hydrogen production system. The
out-of-pile test facility, using an electric heater as a reactor substitute, simulates key components downstream an

intermediate heat exchanger of the HTTR hydrogen production system on a scale of 1 to 30 with a hydrogen

A steam reformer (SR) is a key component to produce hydrogen by steam reforming of natural gas. A

bayonet-type catalyst tube was applied to the SR of the out-of-pile test facility in order to enhance the heat utilization
rate. Also to promote heat transfer, the thickness of the catalyst tube should be decreased to 10mm while augmenting

heat transfer by fins formed on the outer surface of the catalyst tube. Therefore, the catalyst tube was designed on the

basis of pressure difference between helium and process gases instead of total pressure of them. This design method

was authorized for the first time in Japan. Furthermore, a function of explosionproof was applied to the SR because it

contains inflammable gas and electric heater.

This report describes the structure of the SR as well as the authorization both of the design method of the

catalyst tube and the explosionproof function of the SR.

Keywords: Nuclear Heat Utilization, HTTR, Hydrogen Production System, Out-of-Pile Demonstration Test, Steam

Reformer, Catalyst Tube, Steam Reforming, Natural Gas, Design, Fabrication, Explosionproof

Present study is entrusted from Science and Technology Agency of Japan.
3 On Loan to Nuclear Power Engineering Corporation
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RIRA Z4FE, BHMIIANY D LHA, FEEEM Y CICHEMICRREZAND Z LTk,
RFFH O THAMIBE 050 CEERT A ZENTE, REOIZM., KFERE, {LFTEORR
%, SHRCOEZRFHANTEE2S., BERREFAWER CAF, TFEPF) X)) T, &R
EOBERA X, BRI EARPAF (HTTR : High Temperature Engineering Test Reactor) %

AWT, REEBRARAEN OB NITIBROKRF AL NOEREZHBEL T, RBRAX (£

RS : AY 2 CHe) DOKEKIKEIZLBZKFERES AT LE HTTR OEGEZETE L TNWEO (L

T,HTTR EAEBIE S AT ARG LD D% THTTR KE#E L A F L) EFER), ZHid. 950

CORBBORZFNMIMOUNT I ENTELIHBAAFORMERARICEALFAED—D
THO. BREFHZREBUNODTFITHEKX - ZRILTIDDOMR THD TORATH 5.
UG AT L] EFRE) THO, ISFRRATRENS.

KR ADKEI[KEIC K ZKFEHEIZLEMITETONTWAHEM (CAF. Mtageik
CHs (g) + H20(g) = CO(g) + 3H2(g) ; A H(298K) =+ 206kJ/mol

CO (g) + H20(g) = CO:2(g) + Ha(g) ; A H(298K) = — 41kJ/mol
RINED b5z

HEINDZBEDOANYTLHZZRHAT S,

1.1

(1.2)
T, AH:ERERSR BFEg: SHREZET. QLDROKBICHERRT, LERE

KERIE S AT LA TIEREES A THAB L T B A, HTTR AKZEE S A F L TIE. BFREMSHE

HTTR KZRBE S AT LIZDNTIE I NE TR ESERFMEDNTE D, Fig.

1.1 IZ T Rk
FRTFHETO0 ClomBanNz 1 KNI LH AT, PRERSSHBET2.RAY Y
MAORE : 450 C) NHENT., BZHETS,

LHANBTHREINT (BTHR 10MW) ., KAKJKES, AXRESRFICRRELL UGBTI N
%, KAGZKHERIKEARLEZTOE S, Mz REL LMEENZBEINTH O, fllf
BONUNZEZEANYTLAZX (S : 4.1MPa, KEKKESBADRE : 880 CT)., Wiil2 7ot H
A (RBRHALKARKOBREH AL NI RKISEDER T A DRI, ES : 4.5MPa. KERKE

AR MR EORFBITONI Y, Fz,

BB ZFERFAL AR OUEIT L DKBRE S AT LAORAERERIIDONTIE, IZE
TIREPEOTEEMICL D TREETH AFAIC L ERMEEMOMAEAE Tooy

ERETD AT LANREIEENTNS O,

MZBEWT, BEABTHAOHEEZHN L THI Y DOARK[UHAII KD KARRUHEREOH
[UUNHSBOFILRBRPTONL Y, e EE, BBV TLRETAFEHVWTRRAR

RAVIZBWTSH TADAM-EVA] 7O0>x
ZRTAUDROREERMHLZEAOERBHIXZHNEL, AY D OKERIKBEITLBKE
EEHESIX

DOKERZKEIZXOKEZREL, FORXKRAARIZEEND CO: ERIEIVTTAY /-

INSORBEREIC HTTR WHEORBE., FIZAZEFFEAOONY DL ABE
TENCEDA7S0BIESEE2EEBL T, EBIZ HTTR KAZERES AT LAZEET D024
BEREMEAREH OB A2 AT ALKIZOES> T, BEFR#eE L TEICL2LZLEER.

IS EM<BTREERZITDODT —FIRXN—A B D OIS BB HE AR 2 &t
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L7708, 2L T, HTTR KZHEZ AT LD 1730 A7 —IVETIVT D 2 FE S EBHE FARE E

(LAF. MPEARBRERE] SR OREEEDTND,

AKEDHRESE, MEZANVTADROKIMIEDKZZBETI2EERBETHDELED
2, BEAHZOBBENES L -HEIE. BEFFEARIANVTLAHADOREEZRE S 855
ERATOMBELD, TOREEHSMNITSI LI, HTTR KERE S A7 L DKFEHERE
H. WOCHEESSH 2 TFRTS ETHBICEERIETHD O, FANRBARRKBRO EELRHR
FH &5 T3, FNRREROKEIUERORGITY > Tid. HTTR KERIE L AT A
OB SRE DREEEIZ, ONVTLHANS DRERIBANEHHATS. @22 /X7 bz
HETs, 2HECFOHEEZRELZ. £, TOEEICY > TR, MEEOZERFHTRK
LHRENAREZEORR. ENEBNICHBLE—F— (BXE—F—) ZIMIT DT ENSH
BHEEORTEREL 2,

FREBIL. FARBREEOKRIGEABOHEIE. W NCABEZERET ORR EEMIED
BAIBROIHFENFIIDONTRREZHDTH S,
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2. JFSMRINBA FE AR R B OB

FRABREEIL, HT TRARBIES 257 AOFMKE - REREMEOF—yWE. Wz
T3 — ROBELD =02, UTOHEBZAREMEL T, R 12 £EOZREZEHL TRY
EEDTNB I,

OKEBE S 2T L OBK - BINEE OILIE,

QIR FAE~DHNELINS, FhiR R 25 HI% & =51 11 B ORENT .,

OmiEaE KAKKHERE) DMK - Hil.

@GS 2T AORERTOEE,

FPNBREE IS, HTTR FRIBKHREN S TROKERE S AT LAOXEMELFHMIBELE O
T®H%. Table 2.1 I HTTR KERIE S 27 LA LFNAREBOEEH T, Fig 2.1 KHFENRRE
BORMERERT, HREEIL, FHAZLABRKERG S TKELRLE T -DDAKE
WHE, BFRERBDANIY AT R EKELKLEBITB/BTEAY Y LH ABR R, ARKHER
IR ZBAGT 2 2D DRI A R R UK RGBBE R, EBR OB IR I KRS RERICE
FHAZBIGT DI DA AR, KKK E B THIE SN KBS DA R % RiE
W33 BH7=0 DBNIEFR, FHHIEE, BEXBHEETHRLTNS,

ANUD LA ABIERE, NI AN ZEERBE, BFFICHEL L TAY I AH ZADOMEEE 753
BERE—FENREL AU T LATAMEE, NI AHAPORMMERETBAY Y LH A
BB, NVULNABBROEARABETOIANY T LAH ZMEE - [N - EHRBRE. ~UY
LA ZBHEEFETHR LU=,

R 2850 /13, BIERRH R (LNG) DIRETHRKT S LNG ¥ > 7. LNG R> 7. LNG
2R LT B2 D LNG AFSR. BRI Zmsss, FEE BRSNS KD,

KELQBIERIT, MKETRT DD ORKZIAY >, KFEE, RIRESR RARR
EMNSKD,

BALERIT, KBRRJUEBRTER L ERTZZREUR T DD T VLT AT v 7, ERH
ARAGRFETHER L2, RIRCERAI N> RBIKKSIZ. ERH ABHETAICEREL.
RIEDFEER &L THAIET S,

AERAABRERIT, KEBES T LORE) - #IEFIIBNT, KESKEBAODAY ™Y
LA ZREED 600 CUUTF D EZIZ, FERAZDORDDICEEH Z B RETE-0RB T, K2
# (LN2) ORETHETDILN: Y>7. LN R 7, LN BRENSKR D, RBREBOREHK
D IERFIZ. 600 CLUF OIRESTH B 2 28483 2 L I REAHHT 5 AREM 33 3 7=
O, EERICEANUILAHARED EREEHITBEHZANSER T AN, BIEEHIZIZAY & 4
HABEDET L EBITFEBAANEBEN ANRL B TELHRIZ L, £/, ittt
BRI AR % 8 09 2 /2 0 OKEBR R £ 3T 7=,

FAHBEEORREBRBITDONTIE, BE. EHITDOWTIE HTTR KEEES 25 A &R
CABHTTRREITAZBDE L, ANUTAHZRTOEZHZOHERIZOWTIE. KREK
HEROMBENNOMERE, EIRREE., WHRICEEEHSMICT S ETHERR/INE
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LU, HTTR AAXRKARORGRICL 2MBEELK 30 2055 1 22 BETEZZ L. Th
HE5, HTTR KFEBIE S X F LD 130 L=,

WOV B DER RN EUTIORT . J I TEREEZESRESIE. HTTR AEEES 25
LAEFRURE, ENTHD., SHAOHBIZOWTIR ER L ELSIZ HTTR AERES 25 A
D130 THB,

(@) NUDTLHADEREILT A

- KERIKEBALIES : 4.0 MPa

c KRKKESRALRE : 880 C

< KAKKHEBHOBRE : 650 C

- HARHBREALRE :150C

"BR BB @B :0~120gs THREGH 91 g5
b) ERIHR (RBAR) OEREEZSE

- KARUERALES : 43 MPa

cKERKUEBALRE : 450 C

- KA QECE BRI R EE © 600 C

R M B E B c0~16gs. EREEGER 12 s
(0) AEKDEREIRSM

c KKK EIBRALES @ 4.3 MPa

c KALQEBARE @ 450 C

PR M BB 0~58gs ERIERN 47 gs
(@) RIGBRUKEEER

c KA BRI ABAGEE (S/C L) (2.0~ 4.0 . EREER 3.5

- KFEHRGR : 110 Nm 3/h
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Table 2.1 Design specifications of HTTR hydrogen production system
and out-of-pile test facility.

¥ B HTTR 7k EELE S RF A FASTAREARER

E hH

TOERAHR / NYDAHR  45/41MPa 4.3/4.0 MPa
IERREBANDEE

TOERAHR / ANUDAHR 450/880°C
KA EBALRE

TOtEAHR / ANUBAHR 600 / 600°C 600/ 650°C
RAH AR 1296kg/h 43.2kg/h

(81kmol/h) (2.7kmol/h)
AYYAHAEER 8748kg/h 327.6 kg/h
IRES/ KRN AHELE(S/C) 3.5 2~4
KEELER 3800Nm3h 110Nm3h
B R e BEe—¥%—
(10MW) (380kW)
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Fig. 2.1 Schematic flow diagram of out-of-pile test facility.
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3. KERJYWHAGZDOHE

3. 1 KEJKHEEOWE

AU LAHA L OB ZTIAERKIKERITONTIR, TEEMRRICEZ oz b, W
TNZ ADAM-EVA 703 17 MeBWTEERBRMT DN, RO GREIAERES 27 L
. REEH Z (8 1200 C) D5 OREREERZEZFIAL., MEE ORBHIT 70,000 ~ 87,000W/m?
IZET 5, —4. HTTR KEE S AT A TR, NI LAHZAOMFGEREFAHT S5, EFF
MEKKAREBICEDLETITBIBKRIZED 950 TMN5 880 CNET L., NU DT AN &l E
DREZIFEH TR O CTENZIN, LN T, MEEALZRNDIANY T LT ADLGRIEED.
KRR EBRE T /NN MG T 2 DICEHERRETH D, (LARBIKERIE AT L LM
EORAFREB/DDHOICIE. N TAHZOBYRERE 1,170 ~ 1,450W/m’K £ TH EX S84
ENH 5B,

ITERMRICED 70y bTIE. BHEROMEEZANL., NUY AT ADGRAREEE L
T, REONICHNZILT L EBITRITNIANY LT AOWEE LAZEEF Y T4 R
Ny ZIREHZEL TWE, ADAM-EVA 7027 T, N1 3Ry NOMBE Z /N,
AY LT ADGRE#EEE LTI, MEEORBEICHEROTr RELZZEL., MBEEEHA
RETHART HRRTE GRF : 9 mm) ITRNBINVTLAHZAOHR#EEZ LRE DA EMAN
Tz ed,

fFN R IE B DKW ES T, MEEOHEII DN TR, MREORIRORNNE ST
B0, T, KEARBBOTOCAHTAOMEMBEBNO 7O CAHAICHIATELZ I LMD
NA A%y FRIELE, ST AUTLATAOERRESEZEEL T, BENBETHL I &,
W NITGEEMEREDR A ) 7 4 AN ZIURIZHEBE L TENTWS ZEN S, iEOABICHA R
BFEERIHAREFRALE. LEOZ NS, ADAM-EVA 7027 7 h Ot EMIE 2 HEAIC
N AR OKRRKEBOBEZRE L /2,

(1) KAKKHEBOHKR G

Fig. 3.1 I@ARKKEBOBEERLAEBOT, N1 3%y MMEEZ 1 ZML TND,
BMEERBEANUTLHA (AODEE : 880 C. JEH : 4.0MPa) &, EABERTFHEHO / X)L N1
MEAD, il & A REBMOBRABERN T IO AH A LBAZBEIT> 2%, / XV N2
MEFHHT S (HODEE : 650 CT. EH :3.98MPa), 7OEAHA (FEHARVKESR. A
MIDREE : 450 C. E5 :429MPa) 12/ X)V N3 DHAD, filifg 2@l L TRERKLZT-
T, R ENONELZFE> T/ ANV NS FHT 2 (HODRE : 600 °C. £ : 4.04MPa).
piE A H-EEO O AN A (ERAR) BERK 790 CLERTHD, NEEZED EEI
RN O 7O AHANREHRET S, MEEIENERLROERTXHINTHD (A
HWi), P77V —¢72->THED, MEORPREEEZHICRNTEZSEETHSH, MBEEIC
BN T AHADERZRETSH-OICER 74> @EE: 2 mm 8 : 1 mm. EvF : 2 mm)
BRI TNWDE, ZOBRBMBEIZOVWTIE. 328 THRT 5.

KGR E RO TIORT, &t - SWEIC 4> TiE. BEHARREZERL TN,
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FERIK 0 NA TRy M E RUREE MR
O OB:1E
W O MEEN oA HZR[ AT LAHR
o ORMEEN ToEIXHRs59gs SR AU AHZ 91 gs
AO/HOBE : NUILAHA 880/ 650 °C
TOvZAHZX 450 / 600 °C
RHEE © 109 kW
wmeHRE  ENEE 400TC
RELES - ENWER ~NUDTLHA 442 MPa
TOtEZAH A 4.91MPa
M H:ENEEE SCMV4-1
& K SFVAF22A
i —5—BR :32kW
i E -
B O BR:1x
AXEHREE : 920 °C
AXE+ZEE : SME 0.5MPa. NE 1.0MPa
#  ® : NCF800HTF & X NCF800H
0 ¥ 147.8°0-X 10' X 7,300 mm (BREFEIEE : 4,700mm)
A atF#HFr : 20,000 FFE
Felfflist - — v Vg

HTTR KEHE S AT LTI, MEEOMEIINZATOA XR 2FEL TWSA, EMEHiE
FEHAGEZEDBEMBITIIRNW DN RBPLETHDIE, /-, EMESURERSEL
M. PHEIN R AR EE T3 E OMEIZ 900 CUEOHBHEBRIICH T IEIEH X
REZ W DOME— DREMELTH D NCHBOOHTF % V=, BHER OIS OB % Photo 3.1 1277
7,

BEHARZHEICBW TR, EWAICETIBBORFENT. TORKOBREFERTEHEL
RSN, TNEEATEEANYTLAHZ BVE) 12 LT 442MPa. 7O0EZHZ (A
FE) IZX LT 4.91MPa &720D, ZHIZMA B7-DIZi13ER T 5 &5 ICMEEORELH 130mm
EBREBROTHEAREERD, ZIT. MBI TOCAHRAEANVILHADEEREZEL
THEEREDDEEFEGTE L. ZEEFRFIOWTR. BEHARERETRD SN TRARVED,
RZRFELZEBLE. TOFMI4ETRNS,

Fig. 321, MEEOTOCIAHAEANITAH ZADBEMMRNENDIHERLELDTH
5, 7O AH A MEEE O TRARE 790 CERD. T0O L X OMBEREIZ I0OCERS,
Fle, TORAHRENI LT AMOETEL., MitEHOTR/N S5, MEOEFRHC
BNTIE, ZORNEEDOHHTHEE 05MPa LFETEZEMRETH B, TIEEFE
WERE L TEERMBEREER L2, ZEHEROFMIIOVTIZ4ETRRS,
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Q) #Hft—%—0Ht

NUDILHRAET ORI A DRZHAEIZ, HTTR AEBE S 25 ADKKLKKEROEM
AT 217D L THELRFHATH D, FARRICBOTIOBEEHLNIT S, B S5
BEESRET B0, ENBEBEDS ORI L 2BBAREHMET I EARETHD. 20
DI E N BRI HE e —5 —2%iT7=,

M E—5 —idFig. 33 IR T LD, 2/ OL8 PME : ¢ 4mm) &> — 28 (HEE : ¢ 1200
X 1'mm. #H : NCF600) IZIMAL. TOMICHEN (HE :BN) 2XRELEHDTHS, Fig.
34 BAHE - —DORBHEERLEZHDOT, H1 REONAICL—Y —BAEE2REL. *
DEBTEMARIC S BICHBIL THEEH T . FROBEE— —Z@EMCHET D Z & Htale
THdH. TOMEHEL, A REOXEREZREL. 1 RELEEE—y — %2521
RMEOREN-HTHLICHETIHOTH S,

(3) FHIR

Fig. 3.5 KARRXKEFNOREMEE 2:-7. REHAIIMEEONMEFRNZAY T A
HANS K. NG 7O A H ZRENS A, NENOTOEAHZBENL A, Bie—
F—HEADH A FENBRER OHE — 5 —BTENBRENE 5 A, M s8R A
SR, BERBERUHME -5 —RERENE 1 SO 31 M TH D, Figs.6 IKNENOREL
DRETIE, BERNOHIEE Fig. 3.7 KU 38, BEMMOHL / XV ORE % Fig. 3.9 1227,
Fig. 38R XD ICMIBREN T Ot 2 H ZBEREHORBERICIDONTIE, iDL ¢ 58
KR OBBERPBEHLZVE S ICREENICNML 7=, BREROMLEELU FISRT.

B X - ZAREIEEME (T35 R)
# B KE (ZoxX)b-T7ILAN)

#F B RE: 0 051mm

=A% ¢ 32mm
=AM RAF X 2300

AKEXKEENORE NI, HICTOEAH AL TREROBIEHTES (1 800 CTHX
RR[OFHR) THEAZNS., ZoLI>BFHKITIE. EHOBREL (3 —ZH : NCF600) 1.
BHETICRU 7 FMAMAED, BEORTRENKELS RS, Z0LD, KERAFL AT
FRICHAR S N B FHEKICH L THAROE W LR OREN 2FALE. - OREMT,
INETORBRDO L —ZAN—ETHEDIIHL I —ANETH B L. > — AL NiLCr &
BITAl & Fe ZMAZBOT, HRAFIZERIC ALO: OBILEEHR L T EH L w2,
T, BaFHR (KF) CBWTHBNAMAREZE T ENA—N—DiIBRTHREIN
T3,

ZOf, AERNIZIE, NA7 01 XR OBRERRT H-00H—R1 52 ZRBE H @ 10
X 30 X 2mm) Z3WRZE Lz, £, 7O AT ADKEAGSKEREAOIZHEBNOEH
BEREUETDEER. NUTLAHAOKKLKEBHANICHBES 2RBEL TTOEXH AHM
SNVTLAHANBRT HKERERET DY T TS50 52%BT 5,

B RX
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3. 2 [CESHE

KAIUHEBORBREGZITORBIUTOED TH S,
NI LAHARE (AQO/H0) : 880 C./ 650 C
ANYDOLNHAEH (AQD) : 4.0MPa
NI LAAFHE : 91 gfs
TotZARRE MEBAD/HO) :450C,/ 780 C
JOtAHZAEH (AO) : 4.1MPa
Tt AHARE 259 g/s

KEZHEBRTONYILHAETOCAHAORBEHR Q 3. N\UDLAHZAOHAORE
MERATRKDENS,

Q = Ghe 0 He Cpe (Thein — Theow) = 108.6kW (3.1)
ZZT.
G: ik (kgs) o : HEE (kg/m®)
Cp: tt# T: RE
RF
He : NU DT LHA in: AlJ out : tHIJ

NYTLHRALETOCAAZADRBEITREZA Tm TR TEZ 5N S,
A Tm = [(Thejn — Trow) — (Theowt — Trin) 1/ In[ (Thesin — Troou) /(THeour — Triin) ]
=1443C (3.2
IIT, BRFWER: TOERAATH 5,
AN LAHAOBLER @ e 1. RRITRTERKX 7 4 > D Knudsen 5D ONEKRD B,
@ He = 0.039(A ne/De) Rene®® (Cpue 12 e/ A He) "4 (Fs/De) " (Fu/De) *1*

= 2,154 W/m’K (33)
Rene = DeGHemax/ 1L He (3.4)
GHemax = 4Gne/[ 7w (D6 — Dri?) ] (3.5
ZZT,
De : fREEE (m) Dei : H1 RENE
Dri: 74 9% Fs : 7 ¢ &
Fu:74>@ A BMROEER (W/mK)

@ HYELREL (Pa s)

Fig. 3.10 1ZEX 7 1 > DIZARENREZRL DD T, MBIIANY T LHZADORRER, HE
A RBENRE T 4 D RBORBEEZRL TW5, 74 JHBKRUT7 4 &S 2mm T—
ETH5, YPIOHKTHEAN) T LHADOBGER 1,450W/m’K ZHE T 572012, HEKE
78 7mm UL FThhiEI W, FARBREB TIXE SR 2 GRAREEZBHEL. »DORERRERR
BEMEL T S5mm Z2EE L,

i N OBZIERIT. KEBITHRDD Yagi-Kunii ORI NERD Tz, MBEENED T O
TAHZADRDTRIGER a e [ ZXRTRDEN S,

@ RwDp/ Avro=arw Dp/Ar+1[1/(arw*Dp/ A )+ /(¥ w P Rer) (3.6)
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V(arw” Dp/ ArRD)=1(A W’ JAR—05/(A " /AR (3.7

Aw /Ar=ewQ+aoDp/AR)+A—€ W)/[1/(1/d w + @ sDp/A R)+ A r/B A )
(3.8

@ rw* Dp/ A R = 4Pr!Rer!”? (3.9

A /Ar=eQ+aovDpAR)+A—¢) /[1/(Q/d+ @ « Dp/A &)+ (2/3) (A »/A §)]
(3.10)

@ s = 0.1952[p/(2 — p) 1 [(T + 273)/100]° (3.11)

@~ = {01952/[1 + e (1 — pr2(1—¢)pl} [(T + 273)/100]° (3.12)

¥ v = 0.054 e w =07

(4
r
A

@ rw - TOBRZAHTZEBIERIZETS @ re OE (WmK
@ re*  MEENXEEREICE 32EOBLRER (WmK)
V. BABICETS EiRENEARO O AN 2EEBEE) / (Rh AR
O HZAEREE) OFEHHE
¢ @ (FREMSGEHEO 7O AT ZABEHRES) | (FhiERER)
A 7O AHAEILERIZET S HEBE DR ER (W/mK)
a s @ v BORBRER (WmPK) p : AR O BN R
e : filiitfE O FY =R € w @ BELEE Ofi g D 2R
Pr: 752 MK
(3.6)~B12DEXN5 a rw = 837 Wm’K L7125,
ANYTLAHAMNSTOCATZAANORBEIBRE K ITRRXTRD SN S,
1/K = Afr/@ He + Ri + Ao te /(A ¢ An) + Ri Ao /Ai + Ao /(Ai @ R )

= 181 W/m’K (3.13)
Z T,
Ao BT RE Y20 OMEENEEHE (= 1.095m?)
A BNERSSZDOMBENERR (= 0401m?)
An  BIR S Y720 O ELEHEERE (= 0.432m?)
Ar: 7 1 ENEBRE (= 1.048)
Ri: 7 4 YBEHL (= 0.000223 mK/W)
Ri: 7OECAHADOHENREK (= 0.00018 m*K/W)
te: MEEEE (= 0.01m) A EEBEER (=24 WmK)
DELREE A IIRRERD,
A=Q/(K A Tm)= 417 m? (3.14)

ZIZT, 20%0ERAATA=501m? &L,
R EOVLERET LIIXNTRDENS.
L=A/Ar =477 m (3.15)
NUDLAHRETOV AN A DOBZHRIHERGRABEIZG1D N TRDENS, LML, K
FEER 110 Nm’/h ICHERMBERICAHEEERERNH 5720, EEOMBE R I IIRBEHT m
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L7,

3. 3 flxEE
TERTRIZAVSNZKALKKERMEIL, HETHS a— ALO: KERKSEII NI 25
BIBEbDTH2. TOMIKIE. 7L v MR, U 7RERH D, KESHEEDN S 3
~20mm BE LKA TH D, FHARRZEOMBIZONTIE, UTOZLICHEL TEEL =,
QINETOFRHEBNOBMRIERIZDONTIE, TNFETIEEAEDOWHFEHIH Dp/Dy < 0.2 (Dx
D RS OBR 33.65mm. Dp : M DER) OFRETIHEL TR D, Zhid, EL0F
BN TRIEEROVERKREARDILICLD. £ THMBETHEICEL TE. DpDr < 0.2
DEBEFHRITHEZE G 5mm OMEEBEL /=,
OFNHBREBOES - #UERICBVTRER LIS METORPRICED, MEELD
L SBIC & > TSR T 2NN H 2. 0k, TELLETERBEORZN
7Ly MREUIRROMBENSBETHIEELE. £, K ® Ca 2ERMLEDBDIZ
FALMEIC L 2MEOEE AL E2MHE TEZH, K ® Ca 2HMNT 5 LHREENMET T
5ZE, PARBREB THATAIERANAICERIEMEARIRBTHBILENS, KR Ca
EHRMUBZVDDOEEEL -
FROFRHEFBRET 2ME GEF CCtt®) LLTUTORBKOBDONH B,

f ik 44 AR Stk HEeESAR HHEE  EREE

(BEE%) (BEHE) (%2#1)
FCR2-02 7wk ¢ 5 X 5mm 12% 28kg LA L 35~ 55kg
FCR4-04 3¢ ¢ 5mm 20% 30kg AL 35~ 50kg

D5, KAKUKEROBBEA—HN—THHANTa2v 7 ANNEBEREEET S FCR2-02
EREBELTREL

KESUEROMBRIT., SV HEICKORATRDEND, ZTIT. SV HIMETER I N
HKER. n3MEEZRTHOT, AFEGTEIMEEZ20%ELTn=08&L7%,

fi i A& (m’) =KFEERR (Nm*h) / (Svh) - n) (3.16)

SV HIZHFRSBEOMENFEOMEOMICEE. ThH. REFOMAHAZKEICE>TRRY,
— 1213 2,000 ~ 4,000 h! Wb TW3, Fig. 31113, KERERD 110Nm’ /h OFREICHBT
SEEOMBERERS L SVHEOKGEERLEDDTH S, MEEFIZBITZRAOMEREE
TE M THD, TOLEDSVIHEIZ1,970 h! THB, £/, BR 7 4 2R IBEEOMBE
DEEF4TMTHD, TOLEDSVHEIZ2,900 h'! THD, MEOTKEBNDLWEEITIIK
FOBBERNEAOL. REENSWERITIIKEBERIIEMT 258, KRKEKEHRHODOAY
TAHABRENHGHETH S 650 CE TSI L ERD KARDBBEICHERRBNRET S,
FRARBEEOL D BRREDCFHRIUCHITS SVIEDOT—F N0z, EERLFIIANY T LH
A DI (880 T— 650 C) IZHELMBERS 47m ITHEEFETHIEEL, FTOHNL
BIECTREBERAB T L L &L,



JAERI-Tech 99-074

TOoERAR
T g @
i | i e —5— MILE P

%a . (6147.8x10Y [ ($60.5%3.9"
| T | y T i
=1y \h %ﬁj { f || ﬂ/ 1 /A I 2

N e R / /] \/ / / / / / |V AL

a1 A e e ey | | o e g WS S Y
: = - = = e é F—) IF - 6{9
_,\ ,,,,,,,, \ 7&‘(!& N =
N < < / ~T—r~J| W
‘ | T J — 9

A\
-tﬂ.fT*A:rn‘ L AN - = 5 ’
':-'. | :J—__\Eif- 'F _E‘:[g C 1 L —L\- H I
JARE

(RE ¢ 161.8)

AE 6820

ANYHLH R
6000 R
660 1380 530 | 800 905 . 5085 I 500 _
10 9870 ,
AEREEH
B —s—
L y
- ~ #HEC——DTE
L =
HARE
: 7

Fig. 3.1 Schematic view of steam reformer. FOeREE /ka )
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l o TAG No. 5
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1
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. +H| 1) ol I |
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————}—- —t -+t —— -t - —— - — - —— - —— - - —— - —— - — 1 - —— 1
T o~ - ~ -~ 0
s s s s s 3
(100) 3500 (50) % (90) * (50) X 3500 (100)
= (AORHBH) | T (BWRBI
. L2 (100) /73904110 i \ (100) L1 y
4400£66(XTR1—1~=30%) "o
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(NCF800) PT1/2 L-s¥-R PR =T
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, L Q—
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— |
ol i 0o . ‘ E - 9 4+ {3
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: % e e
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(SUS316) E W § = 1¢424OOOO 31500+<38%0
g t @
(300) 70 . L3 - 150 L2 % b B € kW/A| 1.47+5% 2.615%
T HE B W 0953 0.99
PEPTA NCF600 NCF600
R__ g8 = 3 12
£-5 TAG No. | L1 | L2 | L3 e =2.0
X1R1—1 2300 | 1500 | 5600
X1R1-2,-3 3200 | 2300 | 3800
X1R2=1~=23 3300 | 2300 | 3800
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X1R4—-1~-3 5600 | 4400 | 3800
X1R5—1~-3 6900 | 5600 | 3800

Fig. 3.3 Structure of compensation heater.
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Fig. 3.4 Arrangement of compensation heater.
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Fig. 3.5 Arrangement of temperature measuring points.
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Fig. 3.6 Arrangement of thermocouples for process gas in inner tube.
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MEH TAG No. L ~Ti& L1 ~& | L2 ~ti& | 170189 K
TE 1R 6550 | 1300 | 5100 m
TE 2R 8350 | 3100 | 5100 m
TE 3R 9850 | 4600 | 5100 m
TE 4R | 11350 | 6100 | 5100 m
TE SR | 12850 | 7600 | 5100 m
TE BR 6250 | 3100 | 3000 @
TE 7R 8050 | 4900 | 3000 =
TE 8R 9550 | 6400 | 3000 m
TE9R | 11050 | 7900 | 3000 5
TE10R | 12550 | 9400 | 3000 m
TE 1R | 6350 | 3200 | 3000 5
TE12R | 8150 | 5000 | 3000 m
TE13R | 9650 | 6500 | 3000 =
TE14R | 11150 | 8000 | 3000 m
TE15R | 6550 | 1300 | 5100 .
TE16R | 8350 | 3100 | 5100 -
TE17R | 9850 | 4600 | 5100 %
TE18R | 11350 | 6100 | 5100 5
TE19R | 12850 | 7600 | 5100 5
TE20R | 6750 | 2800 | 3800 5
TE21R | 6750 | 2800 | 3800 .
TE 22R | 7550 | 3600 | 3800 ®
TE 23R | 8750 | 4800 | 3800 5
TE 24R | 10050 | 6100 | 3800 5
TE25R | 6750 | 2800 | 3800 5
TE 26R | 6750 | 2800 | 3800 A
TE27R | 7550 | 3600 | 3800 5
TE 28R | 8750 | 4800 | 3800 5
TE 29R | 11050 | 6100 | 4800 .
TE 30R | 5150 | 2000 | 3000 A
TE 31R | 11350 | 6400 | 4800 #
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Fig. 3.7 Structure of thermocouples.
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Fig. 3.8 Structure of thermocouples for process gas in catalyst bed.
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WEH TAG No. | L1 sti& | L2 iz
TE 6R 850 | 2055
TE 7R 2720 | 1985
TE 8R 4220 | 1985
TE 9R 5720 | 1985
TE 10R 7220 | 1985
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Fig. 4.3 Shape change of catalyst tube up to collapse caused

by external pressure (helium gas : 4.0MPa).
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Fig. 4.4 Shape of collapsed catalyst tube.
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Fig. 4.7 Shape change of catalyst tube under design condition

of external pressure.
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Fig. 4.8 Shape change of catalyst tube under design condition
of internal pressure.
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Fig. 4.10 Temperature distributions of catalyst tube.
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