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| NTRODUCTION

ACatalytic Plate Reactor (CPR) is
consists of a thin plate coated with appropriate catalysts to support an
endothermic reaction on one side (e.g. steam reforming of methane) and al
exothermic (e.g. combustion of methane) reaction on the other side

A Investigate the performance of the CPR concept to convert a hydrocarbon
feed i nto a reformate (mixture of
CellA start with the simplest hydrocarbon, methane

A Key advantage is excellent heat transfer without diluting the reformate with
the products of combustion (especially nitrogen)

A Has the advantages of both steam reforming (steam + hydrocarbon) &
autothermal reforming (steam + air + hydrocarbon) while minimizing
the drawbacks of each process
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| NTRODUCTION

A Desirable to have a modkbiat predictCPR performancander
different operating conditions

A Most significant factor in predicting performance are the reacti
KineticsA causes strong gradients both along and transverse t
the plate

A Two kinetics for methane reforming are implemented from
|l 1T teratur e: 1) Deut schman
2) Xu and Froment 0s ki n

A Main advantages of microkinetics over LHHW kinetics are:
1) No assumption of rate determining step
2) Valid over a larger temperature and concentration range
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MODEL PRESENTATION

A Each element of the CPR requires an appropriate model
consistent with the transport phenomena
Channels: flow but no reaction; convective heat transfer
Catalyst Layer: flow with reaction; conduction heat transfer
Plate: no flow and no reaction; conduction heat transfer

A Recognize each element of the CPR requires a mesh that allo
computation of the solution (not discussed)
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GEOMETRY

COMBUSTION CATALYST

3D VIEW

z\|/ Geomefric parameters
x

Height of reforming channel 2 mm
Height of combustion channel 2 mm
Thickness of reforming catalyst 50 microns
Thickness of combustion catalyst 50 microns

REFORMING CATALYST

‘ Thickness of metal plate 1 mm
\
|
I
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— = ——— — —SYMMETRY— - ————— = ———— -~ —— COMBUSTION CHANNEL 2 mm - - - - -
Inactive Catalyst Zone
/ COMBUSTION CATALYST [3 % Pt on Alumina][50 microns]
METAL PLATE 1 mm
\ REFORMING CATALYST [15.2 % Ni on Aluminal[50 microns]
Inactive Catalyst Zone
—_ = — SYMMETRY— - - - - —REFORMING CHANNEL 2 mm—— = ——— = - - ——_————
VI ‘ f 5cm |
* 7 cm- |
2D VIEW

COMBUSTION CHANNEL
METAL PLATE
REFORMING CHANNEL
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GEOMETRY

Inlet gas compositions

Inlet conditions Reforming side Combustion side
Composition % 25% CH4
75% H20 COMBUSTION CHANNEL
METAL PLATE
Velocity (m/s) 05 REFORMING CHANNEL
Temperature (K) 800
Pressure (arm) 1
Porosity 04 04
Tortuosity 40 4.0
Pore diameter (microns) 1 1
Particle diameter (microns) 1 1

COMBUSTION CATALYST

3D VIEW

z\|/ Geomefric parameters
x

Height of reforming channel 2 mm
Height of combustion channel 2 mm
Thickness of reforming catalyst 50 microns
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REFORMING CATALYST |
|

Thickness of combustion catalyst 50 microns |
|

|

|

|
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Thickness of metal plate 1 mm

! |
— = ——— — —SYMMETRY— - ————— = ———— -~ —— COMBUSTION CHANNEL 2 mm - - - - -
CHa o ' Hz20, CO2
———— Inactive Catalyst Zone .
0z.N2 / COMBUSTION CATALYST [3 % Pt on Alumina][50 microns] | CHa, Oz, N2
Velocity = 0.5 m/s METAL PLATE 1
Inlet T =800 §H4 \ . REFORMING CATALYST [15.2 % Ni on Aluminal[50 microns] Hz,C0, CO2
| E——— Inactive Catalyst Zone
H20 CHa4, H20
—_ = — SYMMETRY— - - - - —REFORMING CHANNEL 2 mm—— = ——— = - - ——_—————
VI ‘ f 5cm |
* 7 cm- |
2D VIEW
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CONTINUITY & M OMENTUM

NRe =38 Combustion of CH4

Parabolic Laminar Flow Pressure Condition at

Outlet
—_ : - =
CH4 u = L.5uy, {1 [Hchannel]} .
un=05m/s T
02 N2 g
0z N2
] Platinum
Plate (SS 316)
CH4 b
wn=05ms
H20 :
u = 1.5u;, {1 - [Hchiinel]} -

Parabolic Laminar Flow Pressure Condition at

NRe =8 Reforming of CH4 Outlet
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CONTINUITY & MOMENTUM

NRe =38 Combustion of CH4

Parabolic Laminar Flow
Continuity V- (p ;u) =0

RT Ejo Yi/ Wi

CHa4 u= 1.5um {1 [Hchannel]} H20 €Oz
05m/s —— — Navier-Stokes —v - {y[vu + (V)] - gy(v - u)l} + %ﬁ (u-vu) +Vvp =0 ———et
0z N2 =2 i/ W CH4

02 N2
] Platinum

Plate (SS 316)

CH4
05m/s C—— —— Navier-Stokes —V - {,u[Vu + (V)] = v u)l} + 21 v +Vp=0 ———
_— 3 RT Xp—1 Y /Wk CH4
2y
=1.5u;, 11 — .
u um{ [Hchannel]} Contlnulty V- (%mu) =0 H20
k=171k 3

Parabolic Laminar Flow

NRe = 8 Reforming of CH4
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CONTINUITY & MOMENTUM

NRe =38 Combustion of CH4

Parabolic Laminar Flow
Continuity V- (i;u) =0

RT Ejo Yi/ Wi

CHa4 w= 1.5um {1 [Hchannel]} H20 CO2
05m/s —— Navier-Stokes —v - {M[Vu + (Vvu)T] - —y(V u)l} L (u-Vu)+Vp=0 ——————
0z N2 RT Blemr Vie/ Wi CH4

02 N2

Brinkman Equation '
T 1

Auvu + (vu)™] - gﬂ(v : u)l}

Plate (SS 316) /®u =-Vp+ él
Carman-Kozeny Equation k™= & d,? ‘poromy o @ S Com@
(RO @ -. ML b.é 2 SR IO X O A
(3

180(1-£)2 P

Nickel
CH4 H> CO CO2
05m/s C—— —— Navier-Stokes —V - {,u[Vu + (Vv)T] — —,u(V u)l} + —m (u-vu) +vp=0 — =
H20 CH4
2y
= 1.5u;,11 — .
“ um{ [Hchannel]} Continuity v (;;Tmu) =0 H:0
k=1k k

Parabolic Laminar Flow

NRe = 8 Reforming of CH4
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HEAT TRANSFER

Combustion of CH4
Convective Flux at

Outlet
CH4 PCp izt VT =V (A1 VT) H:0 CO:
Tin=800K c—— —— ————e
02 N2 CHu4
02 N2

XJ Platinum

H2 CO CO2

CHs4
Tn=800K ——"— —
Hz0 pCp,mL'xu VT =V (A VT) (Ij_II;Ig)

Convective Flux at
Qutlet
Reforming of CH4
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HEAT TRANSFER

Combustion of CH4

. ‘ C tive Fl t
p= p__ - f(T, compositions) Onvec(;:ﬁletux )

B EZ;{I=1YK/W]C
=7 Gy
CH4 0 w-Vi =V VT) H20 CO
Tin=800K c—— —— i -

— e
02 N2 CHu4
) X {X Q00 OO O

02 N2
XJ Platinum

Plate (SS 316) V- T) =0 HEAT FLUX

H2 CO CO2

CHs4
Tn=800K c—— ————
H20 o u-v7r =V- @' CH4
A v
p = ﬂn; F(T, compositions) Convective Flux at
RT X}, Vie/ W »comp
Outlet

Reforming of CH4
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HEAT TRANSFER

Combustion of CH4

-r_ 1 (T ti Convective Flux at
RT S Vi/Wi f(T, compositions) Outlet

\m

CH4 ,, -VTr=V- Q@VT) H20 CO

Tin= 800 K ————— : |:2>
02 N2 CHu4

02 N2
XJ Platinum

Catalyst
C mixU -V =V- VT )+ (T)
Plate (SS 316) V-T): Pop, ) Q(l |
Aepr = — & +
F(T) u /@

f(T, compositions)

H2 CO CO2

CHs4
Tn=800K ——""— =
H20 VT =V- @' CH4
/ ) H20
. .
Convective Flux at
P = T YWk f(T, compositions) ot

Reforming of CH4
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HEAT TRANSFER
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