"m Check for updates

JEMSE, 34(5), pp. 902~910, 2022. www.ksfme.or.kr
S ST SAT, M34H M5, SAHI19Z, 2022. https://doi.org/10.13000/JFMSE.2022.10.34.5.902

Performance Analysis and Design of Steam Methane Reforming Reactor for
Hydrogen Production

Tae-Woo LIM' * Da-Hye HWANG™ - Yong-Seok CHOI*

"*Korea Maritime and Ocean University(professor) * ~ Korea Maritime and Ocean University(student)

Abstract

This study is to design a steam methane reforming (SMR) reactor that can produce hydrogen from
methane, the main component of LNG, by extracting a portion of the gas (BOG) generated from the fuel
tank to use a fuel cell as an auxiliary power source for an LNG propulsion ships. Prior to the design,
performance was analyzed using several parameters. As the pressure in the reforming reactor increased, the
methane conversion rate decreased. The yield to hydrogen is maximal at a temperature of 750 to 800TC,
with almost 40% being reduced to hydrogen. At a low temperature, the methane conversion rate was low,
and the concentrations of other compositions were also low. At a temperature above 700°C, the
concentration of carbon monoxide continued to increase, while the concentration of carbon dioxide
decreased. It can be seen that the water gas conversion reaction does not occur smoothly at high
temperatures. The reactor design was carried out in the temperature range of 700 to 900C, and it was
found that for each 50°C increase, the total heat transfer area required increased in the range of about
17~25%.
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<Table 1> Rate coefficients

Rate Factor A(kb) Activation
coefficient  [kmol bar®*/(kgcat h)] energy[kJ/mol]
k, 4.225x10" 240.1
ke 1.955x10° 67.13
ks 1.020x10" 243.9

<Table 2> Equilibrium Constants

Equilibrium
constant [bar’]
K exp(-26830/T+30.114)
K, exp(4400/T-4.036)

<Table 3> Adsorption Constants

Adsorption Factor A(k;) Adsorption
constant [bar] enthalpy[kJ/mol]
ke 6.65x10 -38.28
kgo 1.77x10° (dimensionless) 88.68
kg, 6.12x10” -82.90
koo 8.23x10° -70.65

7R (SMR) HE-S-7](reactor)®] =+

%7 e 245
e e g8 (methane conversion rate), G4
3+-¢(hydrogen yield), A& % (selectivity) 223l Wk
S719] & &(thermal efficiency)s ©]&3te]
e 4 ol
Het A3E, 4 3, AYE a8y das
& 77t gt o) Aol
hChﬁ,’in - T.LCHJ,mlt
XCH; = - OO ....................... (7)
nC'H_,.,i,n
er,mm
YH2 = LOO woeeererremrsessessesseneasaraiens ®)
mCH_“L'n
7.1 ou
Sep= - Coout X100 - (9)
(71‘(7[[4,()117& +n002,mlt + nCO.mn‘)
T.LCQ;,UW
Seo, = > 100 (10)

(nﬁbﬁmut + nC'O_,A,out + nCO,r}ut)

- 904 -



T}LHQ,out X LHVHZ +m00,out X LHVC()
n= - - (11)
mCHM”L><LHVCH1
AN Rt me 247t B S A fFS
ekt Teal LHV, 9 LHV, 193
LHV = A9 A (lower heating  value) ©. %

Z}7} 240, 283 18] 3L 800 MJ/kmolE Fo] %It}
[Fig. 1] & AFtellx Axkst A2 A=A
S golaly] el Shu et al.(1994)2] A8 oA
e Aye vusglon, Ardds & A
Aoz YelHT) Shu et al.9] =%
Z3E Xu and Froment®] E@o] ofd
of tfst dAs4 4 ¥ (Shagdar et al., 2020)° T
FAK)OEFE dojxl Aol vttt
ATelME B8t FY AFEKE ol&sto]
9o, 71 A¥+= Xu and Froment®] X
HFE AR Ael Ao fAkg ARE R

L
pu
X

A
k3

1, ofo r1r ﬁ NI\

H27|(reactor) A A

Q AL FAle Lo

g gl Ag

2o}

Xu & Froment's model
® Measured data by Shu et al.
P=136kPa, H,0/CH,=3

40 | 4

20 - ~

CH, conversion (%), Xy,

350 400 450 500
Temperature (K)

550

Comparison between Xu’ model and the
measured data.

dojdtt. F ®A WA= H@ol wet T R
So] doju= 7R g o2 o] u it
SL ge 25 (150~400T)o A dojuA Hrh
AA SMR HAL EAH o7 T HkgolH, o]
gt o] AHHI] YalAe F7HEA Qo]
S E oo stk

Combustion gases

[Fig. 2] Shell and tube reformer.

2 AT SMR REST] Al a2l 4
ALAo R ¥ F e dudy] BAE o
&ate] REgVIE AAstuA @tk [Fig. 2]&
Shell and Tube G 37|(WHE7)E UERAL 9l
o HREES Fu A B Sl R =
o7k shellF 0% Fol& 119 7FARFE 4

FEWoh ¥ TN TE FAWSo] Dofut
%57 2 F7KH Bk B BT b

WasaA A BT

A 7 shfel

Hhg-7] Al Aged A

SMR HF3-7]9] 8 % (e:effectiveness) 2} 7

$]9*(NTU:number of transfer unit)y:= Z}Z; T}
o] Aot

:M ....................................................... (12)
Qrax

UA
G,

min

AN Qo A
ZlelM el Hdf ks A,

NTU=

g5 19 us AE 44 9
IdHd WA vehio



FEZNTUHS dushr|o] 7|kt el
wet o9 el Yeld 4 91O}, Shell and
Tube B E7]= tha3 o] FeHr)

_ 1/2]1 771
17exp[fNTU(1+ Cf) ]

A7I4 ¢ 4
ERdTE.

SMR Hbg7] AAE flsliMe F3 94
T7F A ofof e, FHARIAF
2ol @99 2 7hAsh I JfETFAS)
SAFE o] Foj A, th5A 3} o] 4] Hrt

2-%H](heat capacity ratio)s

[y

1 1

_— = B A S R L LT L L L PP P PPN (15)
U Uhot,gas Ureformate
e 22 A7 R g FEIAEA
R R E-DELA
k. .
— _ reformale
U;'eformute - de Nu (16)

reformate

A7V Kyesormare = MNAZFRE] Q=SS U

BFUAL, Nuye e = Nusselt 5 UERH,
Adelman et al.(1995)8] <=4 AFTE Leva
packed-bed 72> b3 ZTh
0.95 —6D,
Nurefn'rmatc =1.26Re"exp T """""" (17)

o] 7] A D= =] 27FolH, Ret Reynolds
s+ thest 2.

pud
Re="0% 18
m (18)

Upot.gos ©= Shell and Tube B ek7] A
3 o] (Lim et al, 2018; Lim et al,
202002 F%3l7] wisch

[Fig. 3] LNG d=®Aod s BOGY

AR ZZ3lo] HEL I oA FAS A =
H2EY9 HT-PEMFCOE $42 HuE o

9lth. <Table 4> SMR

HEES Yehla 9l
Heow  spgetgon,
S 250kWE 78S o A
of Aad wete] k& oF 3kmolhE 7SI th

[ HT-PENE

cathode

@

[Fig. 3] Schematic diagram of steam methane

reforming process.

<Table 4> Initial conditions assumed for the SMR reactor

Parameter Value
CH4 molar flow rate [kmol/h] 3
Steam to methane ratio [S/C] 2.5~4
Temperature [C] 300~1000
Pressure [bar] 2.2~15
Tube outer diameter [m] 0.0192
Number of tubes 50
Diameter of catalyst [mm] 2.5
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