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20.2 Recovery at boiler

17.8 Recovery at heat exchanger

C )

w 37.9 I

43.9 Output
137.9 P
100
Exergy of fuel
Heat exchanger Exhaust gas
L o8 B '|6'9|
; oiler loss
3.6 Turbine loss
Comp.loss 83
Mixer loss
241
Combuster loss
(a) RSTIG-1
13.9 Recovery at boiler
42.5 Recovery at
heat exchanger
56.4
A
156.4 45.6 Output
100
Exergy of fuel
» 4.9
Exhaust gas

N 4

4.0

Comp.loss 7.0
Mixer loss

53

Turbine loss )
Boiler loss

24.3
Combustor loss

(b) RSTIG-2
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Type of fuel cell

Solid oxide fuel cell

(Internal reforming)

Fuel CH,y
Operating temperature 950 O (inlet)/1050 O (outlet)
Unit cell voltage 0.7V
Fuel utilization ratio 80 %
Electric generation efficiency 48 % (HHV)
(v arcin =)

Fuel reforming

Steam reforming

S/C ratio = 3.0
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Atmospheric temperature 250
Atmospheric pressure 1.0 atm
Adiabatic efficiency of compressor and turbine 80 %
Temperature effectiveness of heat exchanger <90 %
Pinch point of HRSG > 300
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Turbine inlet temperature 1125 O
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Current density 3000 A/m?
Anode side:
Pressure 1 atm
Temperature 1273.15 K
H,/H,0 mole fraction 0.9/0.1
Cathode side:
Pressure 1 atm
Temperature 1273.15 K
O5/N3y mole fraction 0.21/0.79
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O 5.4: SOrCOOO0ODOO

Electromotive force 1.0V
Concentration polarization 9.0x 1073V
Anode 9.0x 1074V
Cathode 81x1073V
Activation polarization 0.14V
Anode 0.04 V
Cathode 0.09 V
Ohmic polarization 0.013 V
Anode 3.0x10°°V
Cathode 78x 1074V
Electrolyte 0.012 V
Cell voltage 0.84 V
Power density 2.5 kW /m?
Thermal efficiencyld HHVO
Theoretical 67.3 %
Practical 56.6 %
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Cathode/Electrolyte 2.19 x 107! J/(K m? s)
Anode/Electrolyte 1.04 x 107! J/(K m? s)
Total 3.23 x 1071 J/(K m? s)
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1 1
TTLH2 = —MH2 . % TTLHQO = MHQO . % (61)
1 1
mco = —Mco % mco, = Mco, % (6.2)
7
mo, = —M02 F (63)
1 =1g, +1co (64)

(20000 0O00D0D0OO0DO0DO0D0O0O00O00O000D0O00O0O0OOODOOO0OOOOOn
gboobobbooboobooboobobbobboboobooboob

Reforming;: CH,; + H,O <— 3H,; + CO
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Reformer
d
Mass : — =
ass 7 (pu)
dh P,
Energy : pu% = A_rar(Twall - Tr)
. dw;
Species : pu =
dz
Fuel channel
d P
Mass : E(p )—A—];zz:mZ
d P P,
Energy : —(puh) = L > (mihi) 4+ ap(Teen — Tf) | — ——ap (T — Towan)
dz Af i Af
d P
Species : %(puwi) = A_fcml +7;
Air channel
d P,
Mass : — = — i
ass 7 (pu) 4,2 m
d P,
Energy : —(puh) = —= Z(mlhi) + ao(Teeny — T,)
dz Ay |5
d P,
Species : E(puwi) A_aml
062 0000000000000000OO0OO0O M
Catalyst Ni/ZrOy cermet
Porosity, % 55
Zirconia, vol % 30
Mean pore size, ym 1.05
Bulk density, g/cm? 4.374
Reaction order of CH, 1.0
Reaction order of H,O a=—1.28
Activation energy, kcal/mol E, =178
Frequency factor, mol-CH,/(h g-catalyst MPa'*®) ko = 490.0
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roH, = ko exp ( RT) PCHAPH,0 (6.5)
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Ksi = - =
hift eXp( RT XooXmo

Kain0AG,000000000000000000000000000000000

(3)0000 0000000000000 (6.7)000000 R

_Nu-)\

o a0

(6.7)

00000000000 Ne=366000000000000000000000000
D000000000000000N«DODD0D0000000000000000000
00000 NuOD (6.8)000000 20

1+k A fluid
Nu =12 = 4 .
" R (H /\salid ) (6 8)

sO00oobooggobbbuoooubbboogobbbuodinb k=040000
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1 2F i, \ E
=k, FHz <_ a ) 6.9
Rocts,  RT ’H2<;ﬁ ) P\ RT (6.9)

1 2F pco\ ( E, )
=k, = — 6.10
Rocco  RT ( P ) P\ Rr (6.10)
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m=0.250 ko pr, = 2.13 x 1080 kg 00 = 2.98 x 108A/m?0 E,=110000J /mol 0 0 0 O
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Ian,n = Ian,n—l - In (612)
[ca,n = lean—1 + [n (613)
(En - ‘/p) - Rel-[n - Rcalca,n = (En+1 — ‘/;)) — Rel]n+1 — Ran.[an’n (614)

E00000007L,,0L,0,000000000000000000000R,,0R.,0R,
000000000000V,000000000000000000 (6150000000
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Set the cell structure and size

!

Set the operating conditions
(inlet temperature, pressure, velocity, concentrations, current)

!

Set the initial distributions of current and temperature
in the electrodes

Compute the gas concentration and temperature distributions
in the reformer

Compute the gas concentration and temperature distributions
in the fuel and air channels

!

Calculate the electromotive force and polarizations

!

Calculate the current distribution based on Kirchhoff law

!

Calculate the temperature distribution in the electrodes

Convergence of temp. in the electrodes

N YES

NO Convergence of temp. at reformer wall

YES

END
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ge63:00o0gn

Cell length 300 mm
Diameter of reformer 6.0 mm
Outer diameter of fuel channel 10.0 mm
Inner diameter of air channel 16.4 mm
Outer diameter of air channel 22.0 mm
Support tube thickness 2.0 mm
Anode thickness 0.15 mm
Cathode thickness 1.0 mm
Electrolyte thickness 0.05 mm

U 64: 0000

Reformer inlet Pressure 1.0 atm
Temperature 1173 K
Velocity 0.9 m/s
Gas composition CHy: 0.25
(Mole fraction) H,0: 0.75

Air channel inlet Pressure 1.0 atm
Temperature 1173 K
Velocity 1.5 m/s
Gas composition 0O,: 0.21
(Mole fraction) Ny: 0.79

Current density 3000 A/m?
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ges5 00ogon

Current density 3000 A/m?
Cell voltage 0.67V
Power 25.1'W
Fuel utilization ratio 73.4 %
Air utilization ratio 175 %
Thermal efficiency (HHV) 42.8 %
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