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Thermal and Chemical Analysis on Steam Reforming in an Out-of-Pile Test Facility
(Contract Research)

Katsuhiro HAGA', Kazumasa SUYAMA, Yoshiyuki INAGAK]I,
Kohji HAYASHI and Masuro OGAWA

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

(Received July 16, 1999 )

An out-of-pile test facility of a hydrogen production system whose scale is 1/30th of the
HTTR hydrogen production system is presently under construction at the Oarai Establishment
of the Japan Atomic Energy Research Institute. In this system, a steam generator works as a
thermal buffer for mitigating the heat consumption fluctuation in a steam reformer so as not to
affect an operation of the reactor system. To control the thermal buffer system properly, it is
important to evaluate the effect of the steam reforming parameters on the heat fluctuation in
advance. So, using the mass and thermal balance analysis code developed for a simulation of
the out-of-pile test facility, the heat consumption fluctuation in the steam reformer was analyzed
by various changes of the process gas flow rate, the process gas inlet temperature, the process
gas composition etc. From the analytical results, it was found that the heat transfer augmenta-
tion of the reformer tube by using repeated fins was effective in increasing the hydrogen produc-
tion rate of up to 12.5%. Also, the fluctuation of the process gas flow rate tended to greatly
affect the heat consumption rate for the steam reforming reaction, so that the helium gas tem-
perature increased from 586 °C to 718 °C.

Keywords : Code Analysis, Steam Reforming, Out-of-pile Test Facility, HTTR,
Hydrogen Production, Heat Consumption

+ Center for Neutron Science, Tokai Research Establishment
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L pu’
AP = f =
5753 (3.3.21)
0.3164
f=— (Blasius DR) (3.3.22)
Re?

3.4.3 NUULRBOESLER

iR mEE OB S 3. 4. 28 &R,

BT A ATEMEEDOREE  BENBICRENTNE T T 705 LA JIVAREE
BIBERROBRERRER T v T4 L=
TORZERWE,

(3.3.23)

f = geomm (3.3.24)
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O Pressure Drop (Friction Factor)

Process Gas - Catalyst Bed : Burke- Plummer Equatloni

Inner Tube : Blasius Equatlon

/n
N

He Channel : Catalyst Tube : Plane

| N Blasius Equation
- & Catalyst Tube : Finned
I s § Brawn-Knudsen
i § Experimental Data
. Nkieat Transfer at Tube Walls
\ Attt \ .
\ Catalyst Bed : Yagi-Kunii Equation
' § Inner Tube : Dittus-Boelter Equation
N He Channel : Catalyst Tube : Plane
He Gas

Gnielinski Equation
Catalyst Tube : Finned
Knudsen Equation

Fig.3.5 Names of Equations for Analyzmg the Heat Transfer Rate
and the Pressure Drop

3.5 AKERIUHEBERLENOREIMHT

KAGURERAEICESETORENOHBICEL T UATIIRT —KTOEMR AT
B2 R EEE ARSKEBAD HOREIBIZANV Y LAZARTTOLAHZAD
ok, B, LY NE—%EETS, /20, BENTORFERRIS < R #RIE—E &
5.

d d
DR T (p )0 (3.3.25)
BEHER ( = 5—“—) -2" - oF - pgsind (3.3.26)
2
ez A5
TrIIVF—FHER =Q - pugsin6 (3.3.27)
WIESBER © p_proT /% 3.3.28
psz ( )
ZZTF,e,h RUFOLSKRENS,
1{ u?(L u’
Fee|f[Z)4c=— (3.3.29)
555
e= Ekava (3.3.30)
b= mCp,T = e+i;- (3.3.31)

Fi, gsinfZENEHTHY, IREEOHRNESMEKEREDBTAETHS.
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3.6 (LFERIEDERER

3.6.1 BtHEFMH

LERIGET BRI KRR N E BB DM HEIC & > TIROEERIHD THAIMN SHEICHE
ISINT A—=FIIAHERDDOMNEL  ENS DIEZIRET BITIIERO KIGES 2 FW = L/
BEHTTOERET Y DERENVLETH S FICEEERERET2HERT IEE LT
FNF—IMEERIGFHEORELXELTA2ERFTHEIN. JENPRES. RIGERTEDZE T
9 <, ERICKDBT—IDRBNEETH S, Fig. 3. 6IZEHBEFIEERT., GHRAFETHR
FELZENVREESHOENEDEASNTWMBHERTF. BRI F - SArrhenius DI
ZHWTHEEREHET S, KiZ. CILOEHARSTOHIE., FTHEER. ROBEH L -EE
THEPORBEEXZHNVTROEEEZREL. X ANT > ARI DILERIBICE D H AL
OWEBENFGHETES, ML, ENVHNOET AR DBIHRENSNBD T, Fig. 3. 312>
TRDEVEAT v T~ B 5,

Arrhenius D3 RIGEER

oA L Mg 7

ERET L Y—| | pmen PO EE > SR G| RAAADENRE
# 253 E

Fig.3.6 Calculation Procedure for the Chemical Reaction

3.6.2 ROBEEER

BMENHEN 11— F T, MREETRE ZALERIEE L TUTIORT ISHED
RIEZEEL TN, ZN5 DRSIHEEORIENREFHZET T 2EARISTH D FIZEE
AN O, BE. R E BB EICANDIVLENS B0 RINEEROE HITHE M
5. HEMIIFERRNOE ERICEER SITEENZRBERITRL  REEEXRZRET S
DIEICERERATH LI DEERIGERRIGICORL. EBRORIGHETHESN-
T ERLLELERMNSHELUREZRD, FICKBRWLKBEMR D Z &I12745 19, i
RISEEER TArthenius DRVNBEATEBDIRBLA DERIETH D . HEEREDEEEH %
Arrhenius DR DO TRLUZHEE . REICE > TEBOBEXREE» ST TLLBZEbH S
DTHEENLETHS, CZTRUEDMVRERESNTVAREEERWEREICL DD, Bl
BEADOEODORISEERE L TROL DB ERAVWE. 2B, RISI~KG4OHEERFB.
EHAEIRNF—E, FEERKIL, INETOREIET S NORE - B THESNTWL
LREBHREET OV S LHPTERTH S, KI5 ~RIGIBIZDWTOHERF LiFMH(T
INF—RBANT 71 IHhTEZ S,

RARTADERNIAT > THBZEMNS ABIFTTIZG. 3. 44) ATERINARERIE
ELB3ARDY T MRIEMERINE/L D,
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OGS ER

:CH +xH,0 — aH,+bCO + cCH, + dCO, + eC H, + fCH,

+ gCH, + hCH_+iCH, + (x/2)CO,

(CHy—~ CHy+ H,
:CIHIO—’CZH6+CZIJ4

d CII{IO —»CJHO + CH—I
(CHy+ H,»> CH + CH,
:CH,~ CH,+CH,

g CJ'HB—’C?I-IG-*-HZ
:CH,~ CH, +(12)CH,
:CH,+H,~ CH,+CH,

N C2H6 + H2—> 2CH4

$CH, + Hy> CH,
: CH, + 4H,0 = 2C0, + 7H,

SHE RS
:CH,+ HO - CO + 3H,
7 FRIG
:CO+H,O—+»CO,+H,

:CO,+H,»CO+H,0

:CO = (1/2)C + (1/2)CO,
:CH, + CO,—~ 2CO + 2H,
:CH, + yCO,+zH,0 - jCO + kH,

"= B1 exP('Ej/RTx)Pcsmz
r,= B, exp(-E,/RT )P
r,= B, exp(-E,/JRT)P_,...,
r,= B, exp(-E /[RT)P .,
ry= B, exp(-E/RT,)P,,.c
r,=B,exp(-E /RT)P .,
r.=B_exp(-EJRT)P
ro=Byexp(-EJRT, )P ..

o= B9 exP('Eo/RTk)PaH&PHZ
r10= By exp(-E,JRT)P Py
"'u= Bu exP('Eu/RTk)Pczmpﬁz
r,= B, exp(-E JRT)P,

C+4H10

C3H8

2H6

(3.3.32)
(3.3.33)
(3.3.34)
(3.3.35)
(3.3.36)
(3.3.37)
(3.3.38)
(3.3.39)
(3.3.40)
(3.3.41)
(3.3.42)
(3.3.43)

r,5= By exp(-E JRT)(P . P 5P oo™ K 5) (3.3.44)

r,.= B, exp(-E, /RT) (Peo iz P ool o K1)

r,s= B, exp(-E,JRT)(P o Pyri PP’ /K )

Fi6= Bus exp('Ezo/RTk)Pcoz

r,=B,; exP('Ez/RTk)(PcmPcoz'PcozPZHz/K17)
ris=Bs exp('Ew/RTk)(C1CZPCH4'C3C4/K18) (3'3'49)

v A

(3.3.45)

(3.3.46)
(3.3.47)
(3.3.48)

BEHARSDENJITBIDEINHRGIL, YL j+] DEIVHE G IEFERISITE S
EEAEMATERT S, TRLLHEORIGEEREANTUTOLIIZERINS,

i =it _ r - _ _
G HZ_G T WC(0.0853r1 +r,-r e T+ 7r12 + 4r13 I +3 IS
+ 2’17+2’w)

J =)+l
GCO—G C0+I'Vc(r”+r15

j —(j+! - - - -
G Cm-G e ¥ WC(0.0417r1 +rotrotrgt 2rw L S rm)

-2r16 + 2r17+2r18)

(3.3.50)

(3.3.51)
(3.3.52)
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G/, ,=G™* )+ W(-0.038r + 2r , +rl13-r +r, -r_-1,) (3.3.53)
G ys=CG ™ s * W0.0071r, + 1+ +1g-1, +1, -1, (3.3.54)
Gy =G s ¥ WAO0.0175r 41 41, +1,+05r +1,- 1, (3.3.55)
GjC3H8=Gj”CSH8 + W (0.0395r, -rg-1,-1) (3.3.56)
G ss=G ' oy + W0.0106r, + 1, +71 -1,) (3.3.57)
Gl o1o=C " o ¥ W0.2r, -1, -1,-1,) (3.3.58)
GjC4H8=Gj+1C4H8 + W;( P r5) (3'3'59)
GjC5H12=Gj+1C5H12 B Wcr 1 (3 3 '60)
G ,o=G o - W0.402r  + 4r , + 2r -1, -7, ) (3.3.61)

3.6.4 (LERBITIDBEINMEOFK

IV ITBT B RIS D BIER O [keal/h] i, RITH AN ETRIGL 78 ORIG
BB g [kealh] Z W TARTEE L,

g, = (- G/, *49.27- G/ *9.838- G, *83.0- G, *118.969

- Gy *155.344- Gi ., *193.837)*1.10 (3.3.62)

0=9 9. (3.3.63)

C5H12

4 RS

KA YEZBZ DN E TN O TR AN AREE ITEON S MEE LR —TdH
5. iRet TIIMEE ONMUREICTEREER D7 4 2RI TWBHN, T TIREBEEOHE
WKDOWTHHBROEDITERGE 21T o7z, 788, KAKKREBEEERERA, ROKEIK
HBNKEIBHRARNE L LI T AORBRAEREANV T LARORE. EL REEZ —EL L,
fEEROAO T O XA AR, EN. BE, BIREEXTANY T LAHADAORTHOL
YHINE—DE, TROLKARRUEARORHEREZHARE L, 20L& LFRIGOHEER
T EHET RV F—DEZNT A—=FITRD, KAKEKHEBRHER~NOHEEZH N/,

BRI W B E IR 01— R3S AT LOBRHE AL 2R RFITHE TS 2 &
MTEL AN TIINTG A= EANT I ELTEHRE. VAT LMERITRDE T
Bz, TOEWEZY I 7L,

TR 2 RITRT,
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4.1 KREXJLHEBER - Yt

N B : 5460, 5mm. /E 3. 9mm. SUS304

FE 7940kg/md, Lb#h 460.5)/kg/K. BAREHE 22. 8W/m/K
fb i E o AME 147.8mm. BY/E 10mm. NCF800H (A FiMEIHK X : 6m)
(EHEE) FE 7940kg/m. LbER 460.5)/kg/K. BEZHR 22.8W/m/K

RIRIETEAA © R : 161 8mm

HE 160kg/ms. LbE& 1046.5]/kg/K. BAMREHR 0. 104%/m/K
SRR EA AL 0 AR 520mm. £H£E 820mm

HE 160kg/ms, Lb3& 1046.51/kg/K. B{EHR 0.639%/m/K
AR . FEEEE 0.55. KL FAR 5.5mm. V)L I IEEFNI flE.

#FE 1100kg/m, ELEh 3767]/ke/K. BAMzEHR 1.05W/m/K
AU LAHRBEF v 7 Tom
fEEEAR 14X
KRGS E SR E - B 10m. AR 50mm. BEIBIRL{REL 0.025. MIE4RER 0.01
FEEERAE 0° . BB 0 /s

4.2 HAWttfE

TAOHMHEETEREL TR - ZDH D% Tablel IT/RT

Table 1 Property of the Gases

Gas Molecular Weight | Specific Heat [J/kg/K]
H, 2.016 14300
CO 28.01 1050
CH, 16.043 2210
CO, 44.009 820
C,H, 30.07 1720
C,H; 44.097 1530
I-C,H,, 58.124 1520
H,0 18.016 4180
He 4.003 5190

4.3 NUITAHAFR®ERE

HARBOBERFHIIKALKEREOEN —E L VWO ERFHEH/B T H72DIT. K
AIUHEBAOTIIRHRE. BE (P )VE-) 2&EL. KAKKESHOTREHDS %
RELZ. ADMR - BERERECHOBETH . £/, ZOHOEHNOHHIIIAOER
3% 4.0MPa {2735,

KAKKERAORE : 91gs (22.75mol/s)
KARKHEBAOERE : 80T (1153.15K)
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KRARKGHESBHOES ¢ 3.99MPa

FREOEFHTANY T LARBANDTER I 1 IV ZE Re) 13, LFOLDITk 3,
EREOHE . JRE 16m/s, Re =9047
T4 AFTEEOHE . WH 22m/s, Re =8943

4.4 TOvXHAHBSRHE

JFRELE IR D KRR REIAY D UNDRA 2 HHEEEATRY . ZOaARIZERICK
DEZD, FEHTEAY > ofiicty > (CH). T/x> (CH). CH, DX s BigED
A ZORABRTAZBEL, S/CHIIAY > MUK ERDRD LT X DR L 72, EHE
#rlF (S/CHE :3.5) OKREREBAE O AN AOERBRAMRIILUTOEBDTH S,

H,O :79.7 wt%
CH, : 20.0 wt%
CH, :0.113 wt%
CH, :0.11 wt%

LCH, :0.0728 wt%

FEMTIC BT 2 T O AN ZDFRENRM % Table2 IR T, /INT A—F OLEERIT. S/CH
ROBEICDOWTIIFEABMBERABREE ORBRAMICE bR, AODEA. ADRER.
CIRLERERZLEHTAHZEFEVWEEDLNDA, FHiBTO-DICEHEE K X<
o TR LB TIE—D DN T A—F 2RI/ TNBHIZ, FOMD/INT A—FTE

B S Ij:Table 2 Analytical Parameters of the Process Gas

Parameter Range Rated Value
Steam / Carbon Ratio 20~4.0 3.5
Inlet Pressure [MPa] 33~53 4.3

Flow Rate [g/s] 20~ 80 60
Inlet Temperature [C] 300 ~ 600 450

4.5 HERDEH

OIS E X OBER T R ONEHAL T 7)) F— O, it OH 08 K O R, 1K,
it OIR, ROSENFIEKEL ., RICEERX MEOEEICL > TRES, 22T, 8%
2L THRER T EEREI RN F—DOEEZ 2B THERISICRIETHE, iIb, K%
[AEHFOAHERIIRIIITHEZIBRE TS E L2, ZORERTEMORESRLE%
Table3 IZ/R Y.
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Table 3 Analytical Parameters of the Chemical Reaction

Chemical Reaction Parameter Range Rated Value
Reforming Frequency Factor 1.0~20.0 4.0
Reaction [mol/g/h/atm’]
Activation Energy 83 ~418 95.5
[k}/mol]
Shift Reaction Frequency Factor 0.5~5.0 2.5
[mol/g/h/atm®]
Activation Energy 40~ 170 479
[kJ/mol]

4.6 REAREROBRARAR

RIRERDOEMEILREMIL.
EERE ;. 135kW
He AIRE . 568C
He MR E . 281C
He i . 9lg/s

THHM, BEBICITHe H OIREZ300CLAFICHMA BRENITE> TS, BB L WIBESR
HELUTRSREBATRENBICETLERTSELALEE. HeltHOREZ300CETWH
THDICHERRIREEBOARNE UUF, BRBFREELR.) L23KVICRS. KES
KERTORBEBROLEHI. TOEEAKREBORAFTERN LB LD T. LUT O TIL.
CORSREBDBAAEREREL U TUKARIUERORAHERORYREZERT 2L LT 5,

b MHTRER

5.1 EREEROKRINESBNORR

Fig.5. WCERBEBONTI A—F ZHNTEFKEIIRT . EEHAMO 70X
HABRURAY I LAHZADBESTE, TOVAHAFDOKERUIAY VR REEZFE LIS
BATT, MPICIZFEEEE 74 O EEORRETNTNERRUOERTERLTH S,

TDEEFOXKEKIHWERADOTIE., L1 /INVARIIUTOEDIDTH S,

N & (E54MPa. FHIRE 100CE L TEE)
Jat A ZARE :3.3m/s
L1 IV X - 41000

fRiEfE (F 4MPa. V9B 600C & L TaEHR)
TObv AN AEEEE :0.62n/s
RiTLA/IVZE : 1053

A LTS (EH 4WPa, FEEIRE 165C & L TEHE)
¥ EE AT LHAFE : 14, 40/s

L1 IV X8 : 8134
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———— Smooth Tube

L DL B Finned Tube T
6 ot — e ag
E L 1L ]
1]
L0
3
}_
8 4 r 7
£
(o]
1]
<
re]
£ 2r 1r 7
C
.Q
B
g 1 — - -
a
0} 4k 4
A l L l ) I ' I 1 l Il l L l 2 l 'l
500 600 700 800 0 0.5 1.0 1.5
Temperature ["C] Gas Flow Rate [mol/s ]

Fig.5.1 Gas Temperature and Flow Rate Profile along the Vertical Axis

T4 ATEE ANUTAFE:19.90/s
LA VX% : 8025

HIZRONDE DT AN D LIIMIEFOTEN? S 860C THAL, EFT BHICHE il
BIZRAEEXATREMET TS, —F. TOEAHRIIMERBO LEN S 450CTHRAL, F
BLEPOREDPEAL. ENE LONKERIEVEA TKRRRIER, XY > HREMN B
LTWDERT N MNB. Ko, 74 AT EETFREICHAR TRREREMNKRE W0, il
BANDLRAENEMT 570, ANV TLAHZOHOBEIIEEELD B {E< 2D, Yot
AAZABERSKIEERG<IZo TWVD, THUTL DRERIEHEE SN TR L O TOKE
MENEEELDIZMEML T2, EREH THE L L ARTWEBORNERITTEEE
TIBKW, 7 4 AFEETIINTH O EREITHART T 4 AT EEIH SR EI2EIZR S,
5. 2ELA T, ZITEHELE74 UAZBEORHBRESZHEL L T, a1k L =L S 12/¢
TA—I RSB L EDRARIUERORHERLLZHE L 4B TR L DI,
LT OEFICBNTIE, BIES B 2/87 A=Y LIS ORI EHFIZ2 T Table2, Table3izxd
AMEEZHD. N UL ADHEBEETLIHIIRLEZET—EE L.

0.2 AF—Ah-h—HrlK (S/CH) ZENRFTA—F5LLEREE

Fig. 5. 21270V AHADAF— L - h—R Lk (S/CLh) %#2.0~4. 0 DEETE(LS
Bl EDOKRAGUERDOABEEREZHEL-HREERT. B EEOEEAS/Ct2EL TN
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%, El, ABROBBIERETHELERSOMEERY. CZTRFOEAHAOEERRE
#60g/sICEELTVNASDT, S/CLAMMT S Z LK DRIENEML., Ay CBRVED
T2, KIEMBETHHAY VENBPTZ2OTHERIGEOHAL., Fig. 5. 4ITRTXIITK
FERBHFEOL, TS TKRARZKEROBHEERNREAD T2 LI/ 50 Fig.bh.5
NEAMBEDICEZEEGNRENE AY VRBRERIIMW LT 5, BHBRROBRAEHREILEH
T4 A EETENENL GHIORU RS REBOBRKABRDI. AR U4 % TH D
DT, FAENBERRABREBE THHE I N TV ARARMANAN (Table2) Tid. S/CLLARNER
R ERPEARFT I EFRNEEZEZSNS, INEKRIWERBHODOANY T LH ARE
TRUEDOMNFIg. 5.3 TH 5. KEZKEETORHBEENES EANUTLAOLZ)VE—D
AP T B8, S/CHAEMT 21 F EARKKEBHODOAN) T LAREIIE <125, 72
L. ZOEIICS/CHNKREL AL THEANI T AT AOREZ#HI0~0CTHD., A
FAERHOORELHEO HEMWCLFABETH 5.

5.3 TORAHRADKERRKEBAOEANEZNTA—FIZLILRE

Fig. 5. 2l2BNWT T O AN ADKKLGUEBRANENE/NTA—FIILIEEORHER
BOTIZY I 70 LS 2BHOBMTEEINS MICASNE LI, 7O AHAAD
EANTLL THARIUEROABEERIIFIEAERETT BHERRO TO AN AES
g AARERIZIEE I NI W END N D, 2 LT RS & RN S 2ol
DOBEMZERLTBD.EABEVNREEEVEETIKENTH N BRIHEBRME<L 25

Smooth Tube| Finned Tube

140 F ]l L .
i [ 1 T ’
§120¢ Tii2f ;
= - o T =~ T
3 [ 1149 )
2 100 4+ P -
c { 198 | )
S [ , ] [ 7
g 0T A 1 F ]
T - A/ . - y

60 - r - =

. 5..0 1;0 2.0 . 3.0 . 4.0 5.0
—D—i?;l.O 13.5. l4».0l 4.15 .5'0. 5.'5 3.'0 3.5 .4.0. 4.‘5 5.0 5..5

—— 1.0 l2.0 3.0 4.0

- A- L 2I0 [ 4I0 ] 6l0 L 810 J L 2l0 L 49 1 69 [ ] 89 []
-~QO-- 300 400 500 600 300 400 500 600
—O— Steam / Carbon Ratio -&- Process Gas Flow Rate [g/s]
—0— Inlet Pressure [MPa] --O-- Inlet Temperature [C]
(a) Smooth Tube (b) Finned Tube

Fig.5.2 Relations of the Heat Consumption of a Steam Reformer
with the Process Gas Parameters
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750 _| Smooth Tubel Finned Tube

700 ¢

650

600 |- . -

He Outlet Temperature ['C]

1 H 1 1 I 1 L A

550 1 1 1 i i

1
—<— 1.0 2.0 3.0 4.0 50 1.0 2.0 3.0 4.0 5.0
40— 30 35 40 45 50 5530 35 40 45 50 5.
L L 1 1 1 L 1 1 J L . 1 " L 1 L Il J
-A- 20 40 60 80 20 40 60 89
L L L 1 1 L 1 H J L 1 L 1 | L L ]
=0 300 400 500 600 300 400 500 600
—— Steam / Carbon Ratio -4~ Process Gas Flow Rate [g/s]
—— Inlet Pressure [MPa] -O- Inlet Temperature [C]
(a) Smooth Tube (b) Finned Tube
Fig.5.3 Relations of the Helium Outlet Temperature
with the Process Gas Parameters
20 _,{ Smooth Tubel _| Finned Tube
o - o A
) 7 4
= A |
: - - S E o]
— V. 4
o 1.5 S o - -
= | ST ! /A’ ]
ot ]
c /A/ ] V'
Z 1.0 ol d
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3 &
JS “ ] /
a [ / ] /
o | /
I -
O 5 o 1 - o ‘ -
i 1 1 1 1 I 1 Il 1 1 I3 1 1

—— 1.0 2.0 3.0 4.0 50 1.0 2.0 3.0 4.0 5.0
L 1 L 1 ] L 1 1 1

40— 30 35 40 45 50 5530 35 40 45 50 55
L 1 L 1 ' 1 ] L I 3 1 1 L 1. J

1 1 1 1

- A 20 40 60 80 20 40 ' 69 . 80
-O-- 300 400 500 600 300 400 500 600
—O— Steam / Carbon Ratio -4A- Process Gas Flow Rate [g/s]
—0— Inlet Pressure [MPa] --O-- Inlet Temperature [C]
(a) Smooth Tube (b) Finned Tube

Fig.5.4 Relations of the Hydrogen Production Rate
with the Process Gas Parameters
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100 | Smooth Tube | | Finned Tube |
T X ] 5 ]
— 80 - - - -
) s 4 s 4
= ! ] _ .
m o - p
c 60 ~ = -
9 S P 3 P
Q - - = -
m S - e -
> 40 F . L .
o > - - -
o 1 f ;
T L . L .
) 20 [ ]
0 i 1 1 1 1 1 1 i ! 1 1 1 1 i 1 ]

—<— 1.0 2.0 3.0 4.0 5.0 1.0 2.0 3.0 4.0 5.0

[ 1 L i 1 '] L i L 1 1 1
—{+ 3.0 3.5 4.0 4.5 5.0 5.5 3.0 3.5 4.0 45 5.0 55

1 J [ 1 L L 1 L J i L 't 1 I i L 1 H
- A 20 40 60 80 20 40 60 80

L | L L L I} L ) — | [ L 1 L L L L IS ]
-O-- 300 400 500 600 300 400 500 600

—O— Steam / Carbon Ratio
—0— Inlet Pressure [MPa}

- &A- Process Gas Flow Rate [g/s]
--O-- Inlet Temperature ['C]

(a) Smooth Tube

(b) Finned Tube

Fig.5.5 Relations of the Methane Conversion Rate
with the Process Gas Parameters

BEEDH 5. 2 OBERIZAD Y ABEEETFig 5. 3TR TN S 77 &> THATW S,
TR EHDEVES RS H A DS EE B RO TRIGEENE 72D KA RISEIH
FREDEEZONS EEEHOEVWESIIDOVTIR. TOEAHTAOAOFHZERRE S
TYINE—TEHEZTWBED. FAUI AN E—RSEANBNEBEMES 2D RIEE
EAET L TANEENBLTIHEMICR TmEEAS5N5, Fig. 5.4, Fig. 5.6 2R2&
Fig.5. 20BN BRROBLEAER U &S ITEER & SERTKEERE. AY VEBRRED
WRADLTHEY, WERSEEMETL TWSZENTN 5.

5.4 TOEAHADOBMHERENTA—FICLERE

TOtEZAHZADMRBHEBRE/NTA—FICLEEZDORABEROEIIIFiIL 5. 207570
SEEEOEEMTEINS, MICRSNS LI 7O AN ADOHKRIZ. TOMD/INTA—Y
T L TS B RIC KT ARSI REL . SO A AR R EEREMHITN L T-66%
~ 133 ORE T T B EZORNEBRBOZEL. TEE. 71 HIEEETNTNRRA
EEOREABRER Q13K D18 KRUETHD, ZONORBERBOEEHNITIIOANIT L
HZDEEIL. Fig. 5. 3IRT LD ICFERETIIC, 74 AATEETIMCEHLTNS., 7
O+ 2 H A H R VRS ITRENGVO TRIHENE 72D Fig. 5. 4 TREHRRED
A TY 57 ORBRMNARIZES TS, 7TOEAH ZOHBEMEZ SICONRISH AR
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METDDTREDKFERBIZEIMT 22, BMHERENMEZ TRISEBENMET 50T,
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Fig.5.6 Relations of the Heat Consumption of a Steam Reformer
with the Chemical Reaction Parameters
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W 1 0.101972 | 277778 x 107" 0.238889 | 9.47813 x 107* 0.737562 6.24150 x 10'* =4.184J (#fL#)
¥
) 9.80665 1 2.72407 x 107¢ 2.34270 9.29487x 107° 7.23301 6.12082x 10" =4.1855J (15°C)
% 3.6x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 107 =4.1868 J ((HERE QLK)
i;\ 4.18605 0.426858 | 1.16279 x 10"¢ 1 3.96759 x 10~? 3.08747 261272x 10" (LR 1 PS (A )
B 1055.06 107.586 2.93072 x 10* 252.042 1 778.172 6.58515 x 10! =175 kef-m/s
1.35582 0.138255 | 3.76616 x 107" 0.323890 1.28506 x 1073 1 846233 x 10 = 735.499 W
1.60218 x 107'° | 1.63377 x 107%°| 4.45050 x 107%¢| 3.82743 x 10"2°| 151857 x 1072%| 1.18171 x 107" 1
hivd Bq Ci oz Gy rad i} C/kg R 9 Sv rem
% e & B
1 2.70270 x 107" o] 1 100 ® 1 3876 W 1 100
i & & W
3.7 x 10% 1 0.01 1 2.58 x 107* 1 0.01 1

(86 % 12 A 26 HBI{E)
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