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Annual Report on Experimental Operation of Mock-up Model Test Facility with a
Full-scale Reaction Tube for HTTR Hydrogen Production System
in 2001 Fiscal Year

(Contract Research)
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(Received March 18, 2005)

This is an annual report on the experimental operation of the mock-up test facility
with a full-scale reaction tube for the HTTR hydrogen production system in 2001 fiscal year.
The first experimental operation was performed during two weeks from March 1, 2002 to
March 13, 2002 to test on the thermal hydraulic performance of the steam reformer and also
to train the operators. The thermal hydraulic performance test of the steam reformer was
performed to evaluate the heat transfer characteristics between helium gas and process gas
in the steam reformer.

This report is summarized with an overview of the test, the results and its

operation records.

Keywords: Nuclear Heat Utilization, HTTR, Hydrogen Production System, Steam Reforming,
Mock-up Test Facility, First Experimental Test Operation
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BARTAPER (LLF. THEBF X)) Tk, $ROAERALEEAOHEBRZHEL T, R
WEYOERAAF, R T¥RBRIFFELF (HTTR : High Temperature Engineering Test
Reactor) ZHWT, MBI AFKEHES AT LADOHERRBEZEDTNE D,

KER, EFORBEBERABHEAOHBEOBEVICAESNSLIIC, FILLIRILFE—FEEL
THEEZED, FNVFRIBVTHEEOAMATEIND, 2230, KEZARRTIRZOIZ
EAENKPILARBEDLAMOMETEET 2/-0. KEBEKTIOHITEDIZIZZENSIZ
fo5NDIFNF—2 52 20ENH D, TERITBTDKEREL. &L TLERBORE
REFAELUZRIEKZEEKDIEERIDIC LD KRR KEENERTH S, LEN>T, SHAE
FENYEMT S L, (LERBIOMEEIZE D CO DHEHEBMIZENE Z NS, WAHAKKEEADE
MEMITTICKBOKZEZHERT IOV EEARREE 2> TS,

IEHHIMBET A ORD D ICHREBEH AFEN S HRINDZEROANY T LHZAZRAL TAKES S
BT 5 HTTR KEREI X T LOMERRELED TWB BBH ZE L AHMICTAY T LH X,
FRNOEEHEM L NICHEMICERZH VD ZEICED, BEFFHEOTARMEE 950C 2%
BRI BDIENTEDD, REDIIN, KREE, (LF¥TEORES, £HRITOESFI AT
REEL 72D, RN AFIZX HKERIET. BREFEE L TELAEREZEDRVD T, CO2 DHEH A
BROWKFEHEATLAELTERTH S,

Bl A ZAF KBRS AT LE RS 572010, a) KEO RIS 2 O KSR I LT
W 2l#ET 50 DR, DETFEARRES AT LAZELEICEET 5 =00 HHE
fir. JFEFFLSHEKRENBZIBRT S MY FULAOBTOFEME OB EMME. )BERICE
THERFHEL AT LZBHT S5-00BREHS. SORMARNBETHS, Th50H
WOMLEHREL T, AY > OKRGKHEKEICEL S HTTR KE&ES A5 A TBLF. HTTR
KFEREL AT L] Ik @3, A¥ > OARKKHARRR TRENSD,

CH4+H20=3H2 +CO + AH(298K) ; AH(298K) =206kJ/mol (1.1

HTTR KRB ES 2T LADZRMBER % Fig. 1.1 12577,

FFAFT 950CIT MBI NA 1L RANY T LAH AL, FRBRAZHEE T 2 KA ™7 LA H AN
INT (ATHE 10MW), KERKIKESR, RIBEBSICAREL THEINS, ARSSHHE
B HERISZITOES D, ME2FEL MBEENTZBEINTHD., MEEONEE N
TLHAR (EF : 4.1MPa. KEKGKHEBALRE : 880C), M2 7OERAH X (A > &k
RR[ADBEEH AL N FICEDERHA ZORFR. £ : 4.5MPa. KRKUEZADERE : 450C)
MMNTREMEITD, ,

CORFHEREREIZ, KTFEAELRES AT LAZEECEETA-00KBEEMOBER. 8
FetE T O — FORGE, F2EMEL T, FHARREFHE L5, BRE— 7 THTIFEHBIEL
FAKERERREB THS [EHEAE -RSERBREE) UT. RBREE) SR 28/EL
oo WL 14 £ 2 HICEML 72t E OBAERBRICBNT, 75 ANED LNGEH{L XKRH X :
ALY 2 DRRDEIGN 99%LL 1) ZFEHT 120Nm3/h DK ERGEZT V., FEED OREEEET S
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2. ABREBREDOHE

RABREEIL, HTTR AEBE S AT LD D B, HHEZHREN S THROKERE S AT LAOHK
RERE L HDTHD, Table 2.1 ICABRIEE & HTTR KERE S AT LAOEE# O LK
R,

TEHEDS B AKISKERIT. REENNORRESEE, EHRKRE,. RKERNREZ
HTTR KE&iEL AFAERUEMEELS5ED HTTR AERBEL AT LERAUKGEZ 1 A4
AL, REE0HERELRCERE, FhERhdIOMKREED TS, HTTR KERES AT
LADKKGUEBIRGE 30 KOREFTH D0, RINE 1 AOARBREREIT HTTR K#RiE
VATFAD 130 ETIVICHET S,

-, RBREBE. BRTHEAONELME, NS 2 EREEOEEmE B O, KREE
UAFAOBE - BEXHOMNE, SICETAEERBRNERTEDIXS. N TLAHARR
W—TOHRPL 7O AN ADREZFEEOHERD HTTR KEBES AT LEHER LR EL
TW5b, Table 2.2 KRBREBOEHKEIZSFMEZ, £z Fig. 2.1 THRBREEDORFMREZRT .

G A Eﬂﬁz&mzﬁ%&méﬁfmiiﬂﬁtétwmmﬁiﬁgk BRIz B
ANY T AHAZKEKKERICHRTEANY T LN AR, KEAKKESRICEEZH#/ET 2
7z DFE R 2 BLia ek ﬁ&umﬁi#% B, B RO IERIOKRGURERICEEN A 24
TBHEDORIEEHN A BIE R, KRGUER THEINEKRERZOERATAZREL T T BT
DOBNBERMOM, HAKRME, R ERME. BIRHEETHERL TWD, Fig. 2.2 IR
EBOSANE L FERE. RHONEZRT.

(1) KEKJILHESE
KRR RERIE, BRAY TLAEATHETICERISETHD, REICNA IRy MK
BEELANML. ZOABRBMIIAI T LAZHL TRIREICREEA S, RICENROM
B AA(RY > EARLZOREH ) 2B L. KEKKEKSIT XL D AFEZRIE
T 5,

2) ANV LA ABEHG A
AU LH AR MBAY T AH AR KRLYLERIIRBTEIRMETHD. NUD
AEBBEHEZANU Y AT AR, BEFRAPHALHEORE ZRLTAY T LA MBS,
AREGHEE, RTBEE, KRGFHAER, AFAR. NULRHEE-KTHEIITH
B —TEFRLTNS, T, NI LBKEREOENHABEITIANI D LARENH
WA, NI LHAFORHMERET DAY T LHAEUBRMEN 525,

(3) L H A fhAa 3l
EURIH 2 B R, ARG RERICFERIE B HAZMBTIRETHD ., AYHRZ
WILFRRH 2 (LNG) ORETHRETSLNGY > 7., ThEEDHT LNG A>T, LNG
2EALT B0 LNG ZRE, AL LERRH A2 —BIFRT 5B AT -5 27,
IBICAY L ERELGERE LEBINAT 2R X MEAS. YRR ABREENS
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(47K R T BEAa 3% O

IKEQBEAE AL, KRR EE RIS EIK KL & RN A SR 2 R T ARG R E 5
CHHE T DR T, MAKZERT DD DMAKZAY > 7. N LERTHETTS KT
. RIREBUBNICAIJBRBENSL S,
(5) 1% AL FR 3%

RN RAR L, KEKQLEBTERLIZKE. —BIEREZEOERA R, WRTHKKIED A
SO AEERBNDTHRETH 0. ERHABHE, vL—%, KHESL, 7L T
AE Y TENSIED,
(B) ARG AT R BLkd ek (i

AW ZBREREIL. AT KK EDOWRUEATANEL 2 RKENN— VT B DDEH
HAZBMT ERETH D, ZRREBOFRAR « ERAR + 54 2137 VA —B %R
ML TWa®, KERREFZRSEESHNSEEETOMBPIRBICEEZTIZERLETS
EfE LTS, oy KBRGBAERWITH, FERAZPAOEZIRAZ LT 520, %
RAAEBML TND, &L, WESBEAIN)ZFE TS LN ¥ > 7. LN B> 7. &1k
SHD LN RRE. [ULBOBRTA 2 MR T 2BRNAF -5 rh5i5,
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Table 2.1 Design specifications of HTTR hydrogen production system and the mock-up test facility

Terms HTTR hydrogen production system Mock-up test facility

Inlet pressure of steam reformer
Process-gas / Helium-gas 4.5/4.1 MPa

Inlet temperature of steam reformer

Process-gas / Helium-gas 450/880 C
Outlet temperature of steam reformer
Process-gas / Helium-gas 580/585 C 600/650 C
Natural-gas feed flow-rate 1400 kg/h 43.2 kg/h
Helium-gas circulation flow-rate 9070 kg/h 327.6 kg/h
Steam-carbon ratio 3.5
Hydrogen production rate 4240 Nm®h 110 Nm%h
Heat source Nuclear reactor Electric heater
(10 MW) (0.42 MW)
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Table 2.2 Nominal conditions of the mock-up test facility

Subsystem and items

Nominal conditions (available)

Steam reformer
Helium-gas side

* Inlet pressure of steam reformer

* Inlet temperature of steam reformer

* Outlet temperature of steam reformer
Process-gas side

* Inlet pressure of steam reformer

* Inlet temperature of steam reformer

* Outlet temperature of steam reformer
* Hydrogen production rate

* Steam-carbon ratio

4.1 MPa
880TC
650C

4.4 MPa

450C
600°C
110Nm*/h
35

Pressure difference control between helium-gas and process-gas  0.04 MPa

Helium circulation system
* Inlet temperature of circulation pump

* circulation flow rate

150C
91¢g/s (0~120g/s)

Natural-gas feed system

* Feed pressure of natural-gas feed sysytem
+ feed flow rate

4.95 MPa
12 g/s (0~16 g/s)

Steam feed system

* Pressure of steam generator
* feed flow rate

4.6 MPa
47 g/ls (0~58 gls)

Nitrogen-gas feed system
* Feed pressure of natural-gas feed sysytem

* feed flow rate during start-up period
* feed flow rate during waiting period

4.95 MPa

15¢g/s (0~30 g/s)
30 g/s (0~30 g/s)
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3. %1 MEHABREHROME

ARBIEEIIER 139 HICHAEZEZTET L., FR 134 10 AN S ERK 14 4F 2 HITh T TH
FERRBRZEML . REHIKZWMETAMREEETHIE2HALE, FO®, A—h—mh50D5]
ELEZIT, B1EABEREZER14E3H 1HEHMS 13 HIEHEBL 7=

3. 1 HB1RABEEKORRIAE &Eeni{E

ARBREEZ A OFENENERERRII TR 13EED S5 ERR 16 £E £ TO 4 4E/MIZ Table3. 1
IORTIBEERT 25MEEERL 2. EKR 13 FERICERT 558 1 BRREETIE. kAR
WE B ORREIF AR, MBI EEREL =,

KEJUHEBORRHFERRIL, KAJKHEBOCRARHRELZHARDZHOT, RBROFEM
B4 BEIHRRD, ZORRICHEREGRBETIROBED TH S,

(1) AEKYLEBAN) T LHAWEIE, 40, 60, 80. 100 g/s LIEXBEME B 5,

(2 KAKYHEBAONY Y LAHZABEZ, NU T LT AHREDN 40g/s DIFIC 200C.
300C. 600C&NAR EREHE, N T LAHARBEHEMEFIZIZ600C—EET S, F
7z, KEZREBAOANY T LHZAENIRESY > 7EH% 3.1MPa —EHIEL
ELEDMEET D,

() KARLLEBO SO AN AR EFEN X &M E 30g/s —ETHT . KAKKHER
HOT O AHZAEHNBRISERNEEHEICLZONY T LA ZRENELD 0.04MPa HW
ik I N5,

GEETATRYEA Z 2D RO DT, BT A &M N 2 QLB 30l O dn SRR I3 R AT
AETHHN, KEKBERMIIFRAOLDICAEED OEGRENBETH D, KERIRET
BANVDLAAABED LRITHEVWERI V-7 vy TRSBRKI V=27 v TNOYFRIELTF
BEiR, SSRRKIV—2T v TNSRK[I V=27 v TAOYBFEE L HFRERENBE LR
B

3. 2 RBEEEROTRE

RREEZ TEORMEE Fig.3.1 IR T. SEORREGHEIIFER 14FE3A 1HNS 3 A 13
HETO 13 HEITH 2. B OEE T, EERTHEMIC 288, AL 1 RBEORRH
ZETDN, SEIEE 1 HRABRELROEMICHEERROEERZERL TW/zD, EEETHERFIC
BIL Tid, mAKERMICOWTIE, KERD., KERLE, HHKERI V-7 v TERNTTL
TWBIRETH o 7=, - ARGMRBRBEIIOVTIZ. BERR T/AER G TREZITIHE
JU—2T T EMEL TWARETH 7=, LEN- T, F 1 HKRERFBOMNBIZESIC
NI LERBEORELAEMTAZRIICH > 1,

FHR 1443 A 1 ARKHEBALOANY D LHZREN 3.IMPa ETHEL %, ANVTLH AR
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REBOEBHEAN) Y LAHAMBABREEBHI T, EHIREBICAS, BH. NU Y LH A ERE
Hikt 305 g/s ELTHEBAONY T AHZAHEE 40g/s —FIZTHEEHIT, HEBAOANY
LN ARE 200CETORBEZET LR, FO%, 3 A 4 HAICKEBRAOAY AN ZBES
300CETHIM. 5123 H 6 HIZ600CETHIRL A, KiZ, 3 A 8 HIZAU AN A GBI
itk 340 g/s & L THHEBAOANY T AN ZFHEZ 60g/s 1M, 3 H 10 BIZE 512 80g/s 12, 3
A 11 RiZAU D L A FEBRITR 370 g/s & U THEBAONY T AH AFR%E 100g/s 1280
Llz. 3A 12 BICERBRER T U TRIEREZFBL. 3 A 13 HIZAU AN A MBS 251 L
THIEREEKT L,
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Table 3.1 Items of the mock-up test for the HTTR hydrogen production system

Test Items

Objectives

Start-up and shut-down test

To establish the operational procedure for the
start-up and shut-down operations of the hydrogen
production system, synchronized with HTTR

operation.

Plant performance test

(a) Process change test

(b) Continuous operation test

To confirm system controllability against thermal
and pressure disturbances caused by change of
chemical reaction, and so on, and to check a validity
of the numerical dynamics code for the hydrogen

production system using the measurement data.

To demonstrate stability of the hydrogen production

system for a long-time range.

Steam reformer performance test

(a) Thermal ‘hydraulic performance test

(b) Reaction performance test

To evaluate heat-transfer characteristics of the steam

reformer between helium gas and process gas.

To investigate reaction performance of the steam
reformer operated under the various conditions like

temperature, pressure, mole ratio of steam to

‘| methane (S/C), and flow-rate.

Chemical reaction shut-down test

To establish the shut-down procedure of the HTTR
hydrogen production system for an accident in the

hydrogen production system.
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4. KAKJYHGR AR - BRBEERRER

4. 1 HHY :

kDI GREIKFERES AT LI, BREAZX (8 12000) »SOBREREZRAL. K
JSE OBREIT 70,000~87,00W/m* IZiET B, —H. KERKKHEEIZL D HTTR KFERE >
ATATE ANTLAARAOMBEEAEFHT AN, FTEMKELKLBRIIELETK
BIBEITED 950CHh 5 880CAETFL., NUTAHZAERREOREZIZEETH 60CL
INEW, LEN->T. RIRENAZRNADNV T LHAOEREEIX. KAXKEHRZI N
JRMNIRFATHOAEDICEELRRETHO ., LABRBKRHE AT LLAZEORKKERS
EHIZE, NUTLAHAORGERE 1170~1450W/m’K ETRA LI EBZBENH S O, Z
DHEHRELT, RBRLEBOKRSKYHEBIZIE. NUYLAHAAREHMEZHNEL T, Kb
ENAIICHERONA FEEZRBLRBHEAREZ NS THLEBIC. BRAROMMEH
FELT, RIBESNKREICHBROBRZ T 4 >V EREBL TS, AHRTIE, KERKUES
DIEBREEHSNET B0, KEAKUEROGRAMET —F 2HWAE L. HTTR KE®E
VAT LEEENMEN O — K N-HYPAC O Z 4% E2RITT 5.

4. 2 R®

4. 2. 1 RBH®

FRBRTTOLAHA (FEHAKRVKER) 2HRLAEEEICE. MEBNTAALKE
RIEROY 7 NRBIZEIBRARVRANALU T, GREEZEERAET 5 I ENRE
L%, FIT, BRAOHEHKEMHP(T D201, TOCAHARKEBENAZRL., BH
Fe itk Ol & 175 72,

4. 2. 2 HRBEH

RBREMH% Tabled. 1 IZRT NUTAHAD Re KEEMMIBDLHNTANY D LHARKE
% 40g/s M5 100g/s EFTELIEEZ., B, KELKKESALSENTZBERZ. ROITE,
TROEFEBAZAMABREVOEHA ZABABIIBVWTARIKHAS ZRBELEERZHAED
MEHBICEIDEFEF>RREE L, KAKUEHRNIBNWT, HEVWRBFREOYEE R,
BREHCETHORRDFHEZET S0, KEKKERERRETHo 7z, 20D, &
ST TAALIUEBRERBRENRALEIELLZI L 2HALLE. BE, RERVEHD
R E1T o 72,

4. 2. 3 GFHRIEHE

EHREICBNT, FaEOFtAEERLEL 7,

BE : KAGKKESAORTHONI T AT ZRE,
KAKKESRAORTHOREN R E,
KEKGHEFEAN) DL ARE, MERNSETARE, NENSETARE
ROGE S\ BE iR B
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WE: NIVDVLAARE, BT AME

N KARGEBAODRTHAOANY T L0 ZXEH,
KEJKEZAORCHORESZEA

. BEELLT, UTOREZREL &,
A RENEEE, Mt — YR ENBEEE, EREE. Al — 5 RERE.

KRG K E SRR E R E

4. 3 REBIUEBZE

4. 3. 1 Bk

BRRRATATHICELLBZORE., EARVHROFHAMKREZ Figd.1~4.6 ITRT,
2B, AHFRRIE. FAMBBKEANSKRTRAETIIBIS2EHHETHS., £=. ULFOF
JRIZEW, AAFRNICHR > ERBRENESMIIBI>2RHBABZEN L, SRRIIBITS
RPABOBEHER%E Figd.1~4.6 IR, B, FigHFORANIRTHAENORBEH % T
DEELTRY, TIZT, MEBHNERTAORNITH>Z 2 D0BRERESE 2 LEH 5
B1IXHE, H2RME. BIXBMRUBARMERER, 2TORKICIHNT, BATRITE 1K
MEPLMIITbNTHD, F2~FARXRBTORZTHERI/NES W L8N B, Zhid, =
RAADHBRUOMENANY T LHAEEBLTAIWED, BEHANMBBICHAL -
AHOBNETRETHEINY T AHACEFEEVWREETHREINTLES D TH 3,

OHNENZEHTADZHREAE 0,
P,out
Qp =Gy, 'J:P' Cpn2dT (4.1)
Z T,

Gn: : BEHAAODERME (kg/s)

Crnz : BEHNADEELE (J/kg/K)

Trin : NENZEHAZORMADBIT2EE (K
Trow : NENZZHZORKBE OB BEE (K)

OMIEBNRENZORZHREAR O,

C,out
Qc =Gy, j: , Cpn2dT (4.2)

C,in
ZZT,
Tein - MMEENZEZAZAORMAOBITZHEHE (K
Teow : MERBNE2ZEAZAOREHOBITZEE (K

®’\ URyNNY & Y X l[‘,\%“@f&iﬁ?&‘g OHe,i
Ohei =Qc -Qp (4.3)
@AY LH AN S HA RENOLHBE Qo
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He,out
Qter =Che 'J‘TTH ) Cpredl (4.4)
Que,a = QHe,T - QHe,i (4-5)
Z T, '

Gre : N UL ZAOERKE (kg/s)

Crpe : NI LHZADEELE (J/kg/K)

Then : NENBEZAAOKBAOBITHEE (K
Theow - NENZERHTAOKBEHOBTIEE (K

4. 3. 2 MMIERLOHK

HTTR KZE®iE S 27 LABFEMSNT 23— F N-HYPAC IZB T A5 KEKKEB OB
B2 0ORAEEHNEL T, AI—RICXDERBREAETIIB T2 KKK KEBEHNOR
EafizEHL, fBREREOUBET AL, 22T, BECHETIHEREAERE. NUT LA
HIAOBEELL TKEETHROMBIZHRBEINTNS TESR BT 253 NU T LHABRE,
ROBEHZAAOBEEL L TRIEETHENS6.3TmOMEBICZRBEINTNS TESRIZBITS
BRAZBEEM WL, £k, BFO—-RIIBI 2R RERKOBEHIZIZ. UTFIIRTHZ
L Z.

ONY T AR -RINEROBRLIERE ane
- Knudsen O, 7

0.4 -0.19
ay D

S
—— ”e=0.039-Re°‘87-Pr°‘4-(——p—) (—’—) (4.6)

He He
ZCZT.
Re : L1 /WA
Pr: 752 RIVE
D,, : NUYLH ARBREE (=0.009m)

Ae - NV LAHADOBGER (Wm/K)
Sp . 74 K (=0.002m)
Hy: 74 >@m& (=0.002m)

OmMERNERAA - KEERRVMERNEEZTA -NEMORBERK o,
Yagi-Kunii DR ®

ac-dr _(dp) (e ) | 2 #(b) 4.7
Ag D Ag y .
Ae A
E—_ZﬂpﬂPr Rep (4.8)
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Ae an "dp l1-¢
— =1+ +
}\,g Ag 1 +—2‘.Ag
i Qs 'dP 3 Ars
Ag
3
0.1952 T
an = L3 J—
; e (I-p) 100)
+
2-(1-¢) p

Y Pr'Rep
b (Do) (an-dr) (e
2\d»r Ag Ag
aw-dp ay-dp 1 1
= +1/|— +
Ag Ag aw‘dp Yw Pr-Rep
Ag
aw'dP =1/ 01 _ 00.5
A‘g )\'w/lg Ate/lg
A:v arv'dP I_Ew
—=Efy " 2+ +
g 8 1 )"g
i ars'dP 3As
Ag
aw-dp

=4.0-Pr'’?-Re}/?
8

Z T,
dp @ KiFRITR (=0.00476m)
D, : REE?®R (=0.0645m)
Ay MABRELR (W/m/K)
Ae i HRNEBEMAAT (ERFM) OREBBENARER (W/m/K)
a: bDEK
do D MABIERICBIO2REBEDRALER (Wm/K)
y o (REBEAMREEREE) / (RN AROHREKE BHEE)
B o KRirH DB M) / R FRIR)
Y f=0.13

(4.9)

(4.10)

(4.11)

(4.12)

(4.13)

(4.14)

(4.15)

(4.16)

(4.17)
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Pr: 75 MK

Rep : KIFLA WA (=dpuo/v)

uo @ REBWER L0 AN THE (m/s)

v KO BRI (mYs)

g ZERE (=0.354)

Am s @ SALHBEIER (W/mYK)

¢ K TFEMAEFOREKBEANES) / RR)

A BAEBREER (=1.05W/m/K)

p R TFEREADLSSHE (=0.55)

T :RE (K

L, : REBEE (m)

aw : BRNEXRHIZH T2 AT OREER (WmYK)
ay  RAEGBLERCBT S a, DE (WnY/K)

an ENEXREAERABICIEOMEER (WmYK)
Yy BIEHEIIBT S (REBBANKEAEREE) /) (RO AMORKEREE) OF
A D EBRAEICBITOMERLEFOREZER  (Wm/K)
ew . BEEBR DR

@HENEFA X — WEMOBEE R a,
Kays @ 70

D,
""""A m - 0.022Re"* Pr® (4.18)

4

T T T,
D, : NENREAEZRE (=0.0527m)

Fig.4.7~Fig.4.12 LK RKKEAFNORESMHICHETHMITHER (ER) RURRER
(A:ANVTLAZ, B MERBNEERTR, @: NENEEHTR) 217, SRREHD
A RIHREREAZKOBEAATZRLTHED, BRI —HK L, Th&0, i
O— K N-HYPAC C BT 2 KARKHABOGCAKREIIHETIM I OZUENEND SN,
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Table 4.1 Experimental conditions

Steam reformer inlet Flow rate ] Steam reformer inlet
Run No. temperature [ C] pressure [MPa]
Helium Helium Nitrogen Helium Nitrogen

N1 200 40 3.17 3.19
N2 300 40 3.17 3.19
N3 40 30 3.17 3.19
N4 600 60 3.20 322
N5 80 3.23 3.25
N6 100 327 3.29
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300
o
— 250 L -
® Helium gas
o
& 150 L -
E
[V
. 100 1 1 I 1 1 1
300
250 | .
3} Nitrogen in inner tube
— 200.- — -
et
2 150 |- .
<
b Nitrogen in catalyst bed
g of & y i
- .
50 |- Numercal analysis result .
0 1 L 1 ] 1 1
0 1 2 3 4 5 6 1

Distance from bottom of reaction tube [m]

Fig.4.7 Comparison between experimental and numerical analysis results of temperature of Run No. N1.

400
)
& o350 . |
® Helium gas
3 0k - - . -
o T~
2 250 L .
E
2

200 L 1 1 L 1 ] 1

400

350 | -
[y Nitrogen in inner tube
= 300.r - -
(3]
3 »0} i
‘v » -
s 200 L Nitrogen in catalyst bed i
E
2

150 |- Numercal analysis result -

100 1 1 1 1 1 1

0 1 2 3 4 5 6 7

Distance from bottom of reaction tube [m]

Fig.4.8 Comparison between experimental and numerical analysis results of temperature of Run No. N2.
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700

650 L -
Helium gas

600 |- -

550 | \ -
[ { 1

500 1 1 I

»

Temperature [°C]

800

700 |- -
Nitrogen in inner tube
GOOﬂr = - .
500 o -

[°cl

400 | Nitrogen in catalyst bed -

300 |- -

200 L Numercal analysis result |

100 1 1 I 1 ] ]
0 1 2 3 4 5 6 7

Temperature

Distance from bottom of reaction tube [m]

Fig.4.9 Comparison between experimental and numerical analysis results of temperature of Run No. N3.
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%) _
— 650 L ' -
® Helium gas
5 600 L .
2 550 L .
5
T 500 1 ] \ 1 A A
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— Nitrogen in inner tube
O
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-é 400 L Nitrogen in catalyst bed _
g
E 300 -
[ .

200 L Numercal analysis result _

100 1 1 ] 1 ! 1

0 1 2 3 4 5 6 7

Distance from bottom ofvreaction tube [m]

Fig.4.10 Comparison between experimental and numerical analysis results of temperature of Run No. N4.
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Temperature
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800

700 |- . .
Nitrogen in inner tube

600.. — — -
500 ®
400 Nitrogen in catalyst bed
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300 |- -
200 L Numercal analysis result

Temperature

100 ] 1 1 1 L 1
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Fig.4.11 Comparison between experimental and numerical analysis results of temperature of Run No. N5.
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Fig.4.12 Comparison between experimental and numerical analysis results of temperature of Run No. N6.
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5. 1 EdzEK

H1ERBRERIIER 14FE3H LHNS53A 1ISHETO 13 OMEML 7=, RBREE & B
Tt ZBOREWREBE. KE. FhH. ZEORL YR« 75 7% Figbh.112m7,

(1) EE#HE

SH1BRADYLH A HHEE 3.1MPa ETHEL., Z01&M 2.6MPa TAY 7 AH AT
REZESH L, SSCANUTLAHZAMBSEZESH L TEEZZRB L. ANU AT A TEBEBER
B 325g/s. KKK LHEBNY T LT AWRE 40g/s & U KEKRLERAONY &7 AH ZBE 200C
ETHEBRLUZ, KEIBBERBIEB ) -7 v ThSBAIZ Y =27 v TIREICHBIT L,
(2) HBdz

ANU T LH AR 40g/s —EDFEH T, KERKKEBAOANY T LAH ZBEH 200CITFHEL
THSIHBEIRKICA > . COIREZR 2 HEFRREL T Table4.1 ISR TR FHRR N1 OF —
FERMELR. 3A 4 BIZAU T LN ATERBITE 325g/s 5 305g/s ICEH, KEAKUEHA
AN D LHZAREE 200005 300CICHIEL. ZOREE 2 AR LAREIEERR N2 O
T ZRHELR.3 H 6 BITKEIKERAONY T LHZBEZE 300CH 5 600CIZHEL 2
HEVRIEZ REF L TRRBIFF AR N3 OF—F 2RE L7z, KIZ. 3 A 8 AITAU I AH A
BRI R 325g/s 20 5 340g/s 1T, X KAKJKEEANY U LAHATE 40g/s M 5 60g/s IZEE L.,
2 R Z AR L TRRBFHEABR NAOTF—F 2/E L. 3 A 10 BiTid, AXRKKEBRA
U AFAFE 60g/s M5 80g/s IWEFE L T 1 HENREZREF L TRREERR N5 0F—%
ZRELE. BEIZ. 3A 11 HiZE, NU T LT ZABRBIKE 340g/s 7 5 370g/s 12, KERZK
BN D LHZAFE 80g/s M5 100g/s ICEFE LT 1 HEREE 2 {#5F L TRIR R N6 D
74 ZHE LT,

(3) 1L 1E

3H 12 HIZRBEKT LEILEBEC A L. ET AU T LN AERBRE 370g/s 75 350g/s
KA HEBNY T LT ATE 100g/s 15 91g/s ICEEL72%. AU T LHAEH % 3.1MPa
M5 2.6MPa ZTRIERRIEL 2. B, AU DT AHAERBOEREE OEKZ#Y 520, A
U LAAERBIREZ S 51T 350g/s M5 310g/s ICHD &, FlARKKEBN)TAHR
MEZ 82g/s TTHA I, TOH%, KAJKEBAONI T LA ABEEZERETHRET S
BEZRBL. SHIBARANYTLAHAMAREEIEL T, 81 BRBRERZKT L, Einkk
THD3A 14 BIIANY T LAHZZENL /=,

5. 2 ANUY LK AIERRA MR E g

N WAﬁXfIE%Exﬁ%@’\UO!_\iJZ 3. HBEREOHERANY T LKEEZ i BB I EAY
LA ARORMMREZRT D CEIC KD, KPBENHCFEOMUFER5 &> EHT 3.,
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(b) Gas flow- rates

Fig.5.1 Operational records of the first experimental operation
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(d) Pressure difference

Fig.5.1 Operational records of the first experimental operation (Continued)
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_ The 1- st experimental test operation
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Fig. 5.2 Historical record of concentration of H20 including in helium gas
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(b) Electric conductivity

Fig.5.3 Historical records of water quality control of steam supply system
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Fig.5.3 Historical records of water quality control of steam supply system (Continued)
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(e) Chroride

Fig.5.3 Historical records of water quality control of steam supply system (Continued)
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The 1-st experimental test operation
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Fig. 5.4 Mount of demineralized water supply
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Fig. 5.5 Mount of liquefied nitrogen gas supply

9-Mar-02 13- Mar- 02

%\l
8 8

g

s g 3

[
<
o O

The 1-st experimental test operation

1- Mar- 02

5- Mar- 02
Date

Fig. 5.6 Mount of electricity supply

9-Mar-02 13- Mar- 02

14
12
10
8
6
4
2

0

17- Mar- 02

17- Mar- 02

Electric Power (MWh) .

17- Mar- 02



JAERI-Tech 2005-032

&

6. #i

il

HTTR AKFEEREHER —ERAREBOHE 1 AR ELZFK 134E3H 1 BHM5 34 13 8
EFTO 138 HMEML . KERKKEHEARR @RBHERR) 5 NICEEROEMIIREE
fro’,

KARKE BB (BRBAEERR) 3. ARKUESOREEEAERRTHS. R
i, KFBBGERFC 7O A H AMTEL 2RAPHERIC L DA OEMILEZER TS0, 7
OEZAHZAMICELT HDHAEBEHAOHAEL, EBEHARBEANIILHAEZ—EEL
T, KBRKKEBAONI T AT ABREENITLAH ARBENTA—=FELIZ6 DD —AIC
DWTERML, FHEEOKT L. RRE. 5N aREET -5 2RW TSR —R
DELERFEZET o7z, TOKE, KAKIUEBHNOBRESMFIZHENR L. BfFrEmT
O— ROZYHENEND SN,

F e ARBOEERIT, iR BB TOEEREEC SR Z B U TARMORR &AL B, BIEEFT.
EEY 27N EERTHEEHITTARRREBATNS END EFiiE L TEBI N,
BEETRIIEAT Yy THRICERCEKTIN, FIEEVZET L. iz B OB EERNRN LICHRAL
THIENTEE,

B#IZ, SBOBEBIIRTIENT. SAREBGICBI2HBREEDOHZ « K - BHOWMEHR
it KERGBKEREOKEEHERORBRELT LD,

i

81 ERBEROEBIZS D, L, HBAMAWEROEARLKE, RFhz>o=71
YUBRARM). Ui, SREEEEARZOSACKE. G)IBEBBEETEKR2H). B
REhTooZ7027 () RiEsk, XIEHE, BEEES, BIIBE SH-20&KICE
KRB IWhenkiEni, TIIKRSHEERLET,

T, AREFOERICYLVEERIHFTZ WO EATI AMEBOHARERICHES
MEEZRLET,



JAERI-Tech 2005-032

B3 3Lk

() EA NN, KEF, He4, R, i, KBIXNF-HROBREBRAZF KAEREZAT
LOfEkIER,” JAERI-Review 2001-006 (2001).

(2) Hada, K., Nishihara, T., Shibata, T., Shiozawa, S., "Design of a Steam Reforming System
to be Connected to the HTTR," JAERI-CONF, 96-010, 229 (1996) .

(3) W, WA, BY¥, NH, “HITR G T 2 KERIE S 2T L OFRK KR OHEE & EH(ZFEH
%%),” JAERI-Tech 2002-101 (2003).

(4) FaE, RH, B, HH, &, "HTTR KRBE S X7 L OFAKGERR B, T 158, 41,
250 (1999).

(5) Inagaki, Y., Nishihara, T., Takeda, T., Hada, K., Hayashi, K., "Out-of-Pile Demonstration
Test of Hydrogen Production System Coupling with HTTR," Proc. 7th Int. Conf. on Nucl.
Eng., ICONE-7101 (1999).

(6) FitH, KN, PRI, Nk, 7%, #, 2H, "HTTR KEHE S A7 L OFNEH AR K&

[ HE R OHIE & BHE L OBEIRE," JAERI-Tech 99-074 (1999).

(7) FRdHE, #k, A%, Mews, =M, RE, @K, WE, KE 9, GH, EK, &6, W 8, £
B, EA A, BF "HTTR KFEGE S X7 A EEBE - KEERBREEOBIERBRER
&5 (ZFEW)," JAERI-Tech 03-034 (2003).

(8) BIEIEH] : "B RGN R T v 7 (B2 " 674 (1994).

(9) BABM Y&  "cRIFEN WETHE 3R v AFE. 227 (1975).

(10) BABWE2E  "RRIFER (LGETHE 4R " ALE. 56 (1986).

QD EABBRAEE BRI FEE (FiR) [ BEEMFES  B6-34 (1987).



out
av

W1
w2

ot

JAERI-Tech 2005-032

CEEEE [m?
s EIE LB
IR MUEE  [m]
HEBRE [keg/sl

74 &S [m]
:HEAE  [m]

GV 2 - S|
TS5V [

I RMBE [J/

V1 NV E [

: 74 2 [m]
RE [K]

BAEER [W/i(m2 - K)
C REEORERRESR

P BZER [W/(m - K]

[J/(kg * K]

[W/(m2 - K]

: BRI
CANYTLHRA
- fk i gt A

C NEN
A

S

: ¥

C RIRE
c NE

: ENEE
: BH\EE



S

BAR OD EHBmEER

*1 SIEARGL XOMBIEA %2 SIEHHEINBZHA &5 SI#spE
- § F/I Y i 5 24 bR i 5 [5:3 3 4 HESREE i 5
=4 3 I S S m 4%, B, B | min, h, d 10 = 2 % E
" B |+o075 4 kg g, 2, B T 0% ~ 5 P
By fé 17 s [/ N IS T 10 ¥ 5 T
& #wl7 v~ 7 A [N vt 10° | # H G
MOFRE |7 v v v K BEAEALL | eV 10° | # # M
"W R v | mol REEREL | u ool B B
b, Elh v 7T 3 cd 102 ~ 7 b h
& M|5 v 7 v | rad 1 eV=1.60218x 107'°J 0|7 #| da
IOk B | rFIITY sr 1 u=1.66054x 10" kg L S d
10°? + v F c
10°* H '} m
£3 BEHOZKHE GO SIHLB 0o | w470 u
F4 SIEFHICHEMIIC _
s1ea -1 10°° | + /
% 5w s |BOSIRL #r X B L O O
=3 3 Hl~ o v| Hz| s ez B i 5 107%] 7= 4b f
N = a—- btV N m-kg/sz A V72 bro-L A 07" T 3 a
F B, & Al x A~ nl| Pa N/m?’ < _ Y b
i HE MRV 2 - 4| J | Nm s = | bar 2 ‘
T, BRME|7T o N W/ s » 2| Gal &1 —53 [EMEGE] B5K D8
BEAR, EfF|7 -0 v C A-s ¥ a2 Y - Ci EREE 1985 FHiTiIck B, 12750, 1eV
B 3%.}@%)} Fov bV oL W/A [ N R BLU 1 uDfiiz CODATA D 1986 S HERE
» & % ®&|7 s 3 F| F C/v 5 K rad ik »1-
E S & W+ - 4] Q V/A v L rem o
s sz lv-xvals AV 2. RAIWWRBER, /9b, T—w, ~7%
B # (o = — | Wb| Vs 1 A=0.1nm=10""m ~ A bBENTVEHHEORMEDTT
%1 R .5 - 3 7 T Wb/m? 1 b=100 fm?=10"2% m? Cf‘igmLtO
1 v fv 79 :‘/ Z |~ / - H Wh/A ! bar=0.1 MPa=10°Pa 3. barid, JISTRMEOEN,EKZHTIH
e A EBE |ervea Bl C | Gal=1cm/s =10-2m/s? ARV E2DHF Y —iCHEEhTL
¥ g i — 4 71 Im cd-sr al=lcm/s s 2
3 7 2 /m? 1Ci=3.7x10'"Bq °
B Ix | lm/m . 4. ECHMERFLIEH T bar, barnkk
% &t |~ 2 L | B s! 1 R=2.58x10 C/kg R
£ q B Cae U ImEDCEE | mmHgA2F%2DH 7Y
B N ® ®BR|7 v 4| Gy | J/ke 1rad=1cGy=10"Gy ATV
g B % B|v-~wutb| Sv J/kg I rem=1¢cSv=10"Sv °
* -] F. 3
51| N(=10*dyn) kgf Ibf [f | MPa(=10 bar) kgf/cm? atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 N 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ E 1Pa-s(N-s/m®)=10P(#7 X)(g/(cm-s)) 1.33322 x 107 | 1.35951 x 107* | 1.31579 x 107* 1 1.93368 x 107*
FIEE ImY/s=10'St(R b — 7 ) (em?/s) 6.89476 x 107* | 7.03070 x 107* | 6.80460 x 10~? 51.7149 1
x| J(=10"erg) kgfem kW- h cal GtR&) Btu ft » Ibf eV 1 cal = 4.18605 J (it##E)
P's
w 1 0.101972 277778 x 1077 0.238889 947813 x 107* 0.737562 6.24150 x 10*® = 4.184J (#iL¥)
#f
I 9.80665 1 2.72407 x 107° 2.34270 9.29487 x 10°° 7.23301 6.12082x 10" =4.18554J (15°C)
% 3.6 x 10° 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10%° =4.1868 J (EBRERE)
’;{ 4.18605 0.426858 | 1.16279x 10°¢ 1 3.96759 x 10°? 3.08747 261272x10" (&% | pS ({LEM)
[ 1055.06 107,586 293072 x 107 | 252.042 1 778.172 6.58515 x 102’ =75 kgf-m/s
1.35582 0.138255 | 3.76616x10°7 |  0.323890 | 1.28506 x 10°* 1 846233 x 10 = 735.499 W
1.60218 x 107" | 1.63377 x 1072°| 4.45050 x 10°2%| 3.82743 x 10°?°| 1.51857x 10°??| 1.18171 x 107** 1
b Bq Ci " Gy rad L) Cl/kg R ] Sv rem
# 1Y & &
1 2.70270 x 107" &% 1 100 ® 1 3876 | 1 100
fiE B’ 2 4
3.7 x 101 1 0.01 1 2.58 x 107* 1 0.01 1
(86 % 12 H 26 BHE)
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