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TCorresponding author :
songos@cnu.ac.kr Abstract >> Korea Electric Power Research Institute (KEPCO RI) had developed

molten carbonate fuel cell (MCFC) system since 1993. Finally, KEPCO RI devel-

Ezsizzd 22 ﬁ,?:a;éfsolg oped and operated a 125 kW MCFC system in 2010. To make MCFC system com-

Accepted 30 ApriI: 2018 pact, it is indispensable to install an ejector in this system where the anode off gas,
the cathode off gas, and fresh air are mixed before flowing to the catalytic burner.
KEPCO RI had developed various ejectors for MCFC system since 2006. The 125
kW MCFC system built with the developed ejector was operated successfully in
Boryeong Thermal Power Plant in 2010. This 125 kW MCFC ejector was designed
on the basis of the experimental results of 5 kW and 75 kW MCFC ejectors. The
main goal of ejector design in our MCFC system is to maintain the entrainment ra-
tio and the pressure between fuel cell stack and catalytic burner within the operat-
ing range. In this paper, the design results of the ejector are presented based on
the 125 kW MCFC system operating conditions. In addition, a designed ejector
was manufactured and installed in the MCFC system. As the fuel cell is under load
operation, the pressure surrounding the ejector was measured to ensure that the
fuel cell system is operating smoothly.

Key words : Molten carbonate fuel cell(£§ EtAH 9 & M X|), Ejector(0| B E{), Entrain-
ment atio(Z°IH|), Nozzle(lL &)

Nomenclature V. ivelocity  [m/s]
D :diameter [mm)]
A :area [m?] L :length [mm]
m  :mass flow rate [g/s] P :pressure [Pa]
@ :flowrate [m®/s] T  :temperature [K]
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R :universal gas constant  [8.314 - K]
P : density ) [k—%
m
Er :entrainment ratio = —
m,
M :Mach number
DAE : Dry Air Equivalent
K :ratio of mixing area to total area of
primary and secondary throats
F :entrainment ratio correction factor
k : specific heat ratio of gas
: mixing coefficient
Subscripts
n : nozzle
P : primary (motive) flow
: secondary (suction) flow

m  : mixing flow, (ejector outlet)
pt  :primary (nozzle) throat
st :suction throat
t : throat (mixing throat)
d : diffuser
totp : primary total
tots :secondary total
T  :temperature
MW : molecular weight
1. M B
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Table 1. The specifications of 125 kW MCFC system

Fig. 1. Schematic of MCFC system

Parameter Value
Rated power (kW) 125
Effective cell area (cm’) 9,600
Current density (mA/cm’) 80-100
Utilization of anode gas 0.6-0.8
Utilization of cathode gas 0.3-0.4
Number of cells 185
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Table 2. 125 kW MCFC normal operating conditions

m T P Chemical
[g/s] | [K] |[Pa abs.] | composition (wt %)
H, 12.9
Anode inlet | 28.5 | 873 | 105,000 | CO» 71.0
H,O 16.1
AIR 89.6
Cathode inlet | 283.6 | 873 | 105,000
CO, 10.4
H, 3.0
Secondary flow| ) | (s | 100,734 | O, | 724
(anode outlet)
H.O 24.6
Primary flow |379.2 | 474 | 126,136 | AIR 100

Table 3. DAE conversion

DAE | Entrainment ratio
correction factor

[e/s] | Faw £y
Gas 54.8 | 56.8 1.16 0.83
Steam | 17.9 | 29.2 0.80 0.77
Sum | 72.7 | 86.0 - -
Primary flow 379.2 | 404.5 1 0.94

m
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Table 4. Ejector model

Constant area | Constant pressure
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Table 5. The ejector dimension of 125 kW MCFC

Parameters Value

D, [mm] Nozzle diameter 46

D, [mm] Throat diameter 54
Z, [mm] Nozzle length 3155
Z, [mm] Throat length 437
L, [mm] Diffuser length 728

Pipe size (inch) 6

(primary, secondary, diffuser)

Entrainment ratio 0.18

) Cr) (T

Primary flow Mixing flow

©
(&)

Secondary flow

Fig. 5. Measuring points in the ejector
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Fig. 6. 125 kW MCFC system

Fig. 7. The ejector for 125 kW MCFC system
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Fig. 9. Fuel cell power and pressure around the ejector (2)
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Fig. 10. Fuel cell power and pressure around the ejector (3)
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Table 6. Mean pressure according to fuel cell power

Power Mean Pressure [Pa]
(kW) P, P, P,
0-40 11,268 500 5,845
56-77 14,308 539 6,884
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