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The asymmetric electrode configuration can effectively solve the electrolyte carbonation problem for 

molten hydroxide direct carbon fuel cells (MHDCFCs), however, the thermodynamic performance of 

this kind of MHDCFC has not been well understood yet. Herein, an MHDCFC model with active carbon 

as fuel and molten sodium hydroxide (NaOH) as electrolyte is proposed, in which the anode and cathode 

are asymmetric. According to the electrochemical reaction kinetics, electrode process and mass transfer, 

various irreversible losses of the electrochemical process are described. Considering diverse polarization 

losses, the thermodynamic performance of the MHDCFC is comprehensively evaluated by using output 

voltage, efficiency, power output, entropy production rate, ecological objective function and ecological 

coefficient of performance as objective functions. The MHDCFC model is validated to be reliable by 

comparing with previous modeling results. The generic performance characteristics of the MHDCFC 

are revealed. The effects of the operating temperature, anodic and cathodic chamber heights, fuel mass, 

O2 flow rate, cathodic pressure, and reaction chamber width on the MHDCFC performance are analyzed 

through exhaustive parametric studies. The obtained results may provide some insights into globally 

understanding the performance of MHDCFCs. 

 

 

Keywords: Molten hydroxide direct carbon fuel cell; Efficiency; Power output; Ecology objective 

function; Ecological coefficient of performance 

 

 

1. INTRODUCTION 

Hydrogen fuel cells have been paid more and more attention because they are clean and efficient. 

However, considering the degree of social acceptance and the cost and technology of producing 

hydrogen [1-2], the arrival of the hydrogen energy era still needs some time [2, 3]. At the present stage, 

coal resources are still in a dominant position because they are abundant and inexpensive [3]. Compared 
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with hydrogen, solid carbon fuels can be easily obtained by simply processing of coal. In addition, solid 

carbon fuels are convenient for transportation or storage due to their small volume and high calorific 

value [4]. Thus, it is urgent to explore an efficient and clean way for coal utilization because of the fossil 

fuel shortage and environmental pollution. In this context, direct carbon fuel cells (DCFCs) have 

attracted widespread attention all over the world. DCFCs enable to directly transform the chemical 

energy stored in solid carbon into electricity without any fuel reforming or combustion process, and the 

produced carbon dioxide can be conveniently captured and stored. Furthermore, DCFCs offer higher 

theoretical efficiency than traditional hydrogen fuel cells [5-8]. 

Depending on the electrolyte types, DCFCs can be mainly divided into molten carbonate direct 

carbon fuel cells (MCDCFCs) [9-11], molten hydroxide direct carbon fuel cells (MHDCFCs) [12-14], 

and solid oxide direct carbon fuel cells (SODCFCs) [14-17]. Among these DCFCs, MHDCFCs have 

drawn more and more interest because of lower working temperature, higher current density and higher 

fuel utilization and etc. Furthermore, the kinetics of Boudouard reaction ( 2CO +C=2CO ) is strongly 

limited under low-temperature conditions [3, 18, 19]. Therefore, a higher purity of CO2 product and 

higher power generation efficiency can be expected [20, 21]. However, the molten hydroxide electrolyte 

is easily carbonized, which may significantly degrade the performance of MHDCFC [22]. The 

electrolyte may be carbonated in two ways: 2

3 2C + 6OH = CO + 3H O + 4e− − −  or 
2

2 3 22OH + CO = CO + H O− −  [23-30]. It is widely accepted that electrolyte carbonation is caused by 
2

2 3 22OH + CO = CO + H O− − , in which carbon dioxide produced from the anode is not discharged in time 

while reacts with the electrolyte [31-34]. Hence, a lower anode chamber height can relieve the electrolyte 

carbonation by curtailing the residence time of carbon dioxide [35-38]. 

To commercialize MHDCFCs, considerable studies have been carried out on various aspects, 

including the corrosion [14], fuel treatment [28], carbonate formation [30] and performance optimization 

[39]. For example, Guo et al. [14] developed an MHDCFC with the aim to minimize corrosion of both 

fuel cell materials and fuel carbon. Kacprzak et al. [28] experimentally tested various carbonaceous fuels 

for MHDCFC and found that the raw coal displayed the best performance among the four tested fuels. 

Zecevic et al. [30] successively built four MHDCFC prototypes to overcome the carbonate formation 

issues. Xing et al. [39] electrochemically modeled an MHDCFC by taking the activation polarization 

loss, concentration polarization loss and ohmic polarization loss as the main voltage reduction sources. 

However, the effects of some designing parameters such as reaction chamber width on the cell 

performance are still unknown, especially the thermodynamic performance. 

Thermodynamics theory has been a useful tool for optimizing the performance of various 

thermodynamic cycles, thermal systems, and emerging energy converters [40-42]. The thermodynamic 

performance can be evaluated by various objective functions, including the energy efficiency, exergy 

efficiency, power output and entropy generation rate [40-44]. In addition, ecological objective function 

(EOF) and ecological coefficient of performance (ECOP) are also widely used as objective functions 

because they can evaluate the thermodynamic performance considering both power output and loss rate 

of availability [43-48]. Obviously, it is meaningful to assess the MHDCFC performance under various 

conditions using multiple optimization criteria, which will help to globally understand the 
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thermodynamic performance. However, there is no study reported on this topic in the current literatures 

yet. 

In this paper, comprehensive thermodynamic performance evaluation on an irreversible 

MHDCFC with asymmetric electrodes will be conducted. The MHDCFC model will be detailedly 

described by including the electrochemical losses such as activation polarization loss, concentration 

polarization loss and ohmic polarization loss. Based on the theory of thermodynamics, some important 

performance parameters such as output voltage, efficiency, power output, entropy production rate, EOF 

and ECOP will be formulated to evaluate the performance of MHDCFC. The impacts of some decisive 

designing parameters and operating conditions on the comprehensive MHDCFC performance will be 

discussed through exhaustive parametric studies. 

 

 

2. MODEL DESCRIPTION 
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Figure 1. Schematic diagram of an MHDCFC. 

 

Figure 1 schematically shows that the MHDCFC comprises an anodic chamber, a molten NaOH 

electrolyte and a cathodic chamber, where the height of the anodic chamber is significantly lower than 

that of the cathodic chamber. A higher cathodic chamber lengthens the oxygen reaction path, which 

guarantees that the oxygen is sufficient. Nickel wires doped with lithium inside the anodic and cathodic 

chambers function as electrode, current collector and catalyst, and wherein, a small amount of lithium 

doped in nickel can effectively prevent nickel from being oxidized [49, 50]. The solid carbon fuel 

indirectly contacts with the nickel anode. A porous plate with many small holes seals the two electrode 

chambers and prevents both oxygen and fuel from leaking into the electrolyte chamber. Carbon particles 

are introduced into the anodic chamber and the NaOH powders are introduced into the cathodic chamber. 

After a heating process, the temperature exceeds the melting point of NaOH, and the NaOH electrolyte 
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melts and moves from cathodic chamber to anodic chamber through the porous plate, eventually filling 

the whole reactor. The humidified oxygen is fed into the cathodic chamber with an optimum and constant 

rate. The consumption rates of carbon and oxygen can be calculated by detecting the amount of CO2 

produced at the anodic chamber. Therefore, carbon fuel and oxygen can be accurately and continuously 

fed to ensure the continuous and stable power output of MHDCFC. 

The wetted O2 molecules diffuse into the cathodic chamber where they are reduced into 

hydroxide ions (OH-) with the assistance of the electrons [51], i.e.,  

2 2O  + 2H O + 4e  = 4OH− −      (1) 

The generated OH- is transported through the molten NaOH electrolyte to the anodic chamber 

and reacts with carbon fuel to produce H2O and CO2. The carbon fuel in the anodic chamber loses four 

electrons, and the electrochemical reaction can be expressed as [52]  

2 2C + 4OH  = 2H O + CO  + 4e− −     (2) 

The total chemical reaction in MHDCFC is that the chemical energies stored in carbon and 

oxygen are converted into electrical and thermal energies, i.e.,  

2 2C + O  = CO  + electricity + heat     (3) 

To simplify the subsequent analyses, the following assumptions are adopted [8, 20, 22, 34, 35, 

39]: 

(1) The MHDCFC operates stably, and the carbon fuel is evenly distributed in the reaction 

chamber; 

(2) The number of holes in the porous plate of the sealed compartment is enough, and the 

electrolyte can penetrate the cathodic and anodic chambers; 

(3) Only complete oxidation of carbon occurs in the MHDCFC, and the two-electron process of 

CO formation by partial oxidation of carbon is neglected; 

(4) The carbon dioxide produced at the anodic chamber is discharged in time without any 

electrolyte carbonation;  

(5) The interconnection conductivity between carbon fuel and NaOH electrolyte is neglected; 

(6) Both operating temperature and fuel have no effect on the electrical conductivity of NaOH 

electrolyte. 

In the MHDCFC, the total energy released by the electrochemical reaction can be expressed by 

[13] 

H G T S− = − −        (4) 

where H   is the enthalpy change, G  is the Gibbs free energy change; S  is the entropy change; T is 

the operating temperature. Theoretically, the thermal efficiency G H   of MHDCFC is almost 100% 

in the range of typical operating temperature [3]. 

Based on the Faraday's law, the rate of total energy released is [53] 

e

hI
H

n F

• 
− = −       (5) 

where en  is the number of electrons per carbon molecular involving the reaction ( 4en = ); F is the 

Faraday constant; I is the operating electric current of MHDCFC [54, 55]; and h  is the molar enthalpy 

change. 
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According to the Nernst equation, the open circuit voltage (OCV) at a given temperature and gas 

concentrations is given by [55-59] 

2

2

,

0

,

ln( )
O cat

e CO an

PRT
V V

n F P
= +      (6) 

where R, 
2 ,O catP  and 

2 ,CO anP  are, respectively, the general gas constant, partial pressure of O2 at the 

cathodic chamber and partial pressure of CO2 at the anodic chamber; V0 is the ideal potential under the 

standard conditions, which is given by [55] 
0

0

e

g
V

n F

−
=        (7) 

where 
0g  is the standard molar Gibbs free energy change of the electrochemical reaction (3). 

When the MHDCFC works, the actual output voltage Vcell is always lower than V due to the 

electrode dynamics, reactants (or products) transportation and electrical (or ionic) resistance of 

MHDCFC assembly. These irreversible losses can be characterized by activation polarization loss ( actE

), concentration polarization loss ( conE ) and ohmic polarization loss ( ohmE ). In the following, each 

polarization loss will be described. 

(1) Activation polarization loss 

The relationship between the activation polarization loss and the operating current density can 

be calculated by the general Butler-Volmer equation [59], i.e., 

( ), ,

0,

1
exp exp ( an or cat)

e act m e act m

m

n FE n FE
J J m

RT RT

  − −  
= − =   

     
  (8) 

where J is the operating current density; J0,m is the exchange current density of anode or cathode; Eact,m 

is the activation polarization loss of anode or cathode;   is the electrochemical transfer coefficient (

=0.5 ) [22, 54]. 

The anodic or cathodic activation polarization loss can be further expressed as [8, 20, 33] 
2

,

0, 0,

ln 1
2 2 2

act m

m m

RT J J
E

F J J

 
 

 = + +   
   

   (9) 

where the anode exchange current density and cathode exchange current density can be, respectively, 

expressed as [7] 

11

0,

22175
1.252 10 expanJ

T

− 
=   

 
    (10) 

and 

( )
( )

2,0,cat ,

5800 923
7.8 exp

923

r

O cat

T
J P

T

− 
=   

 
   (11) 

where r represents the exponent of O2 partial pressure, and its value is set as 0.625 [54]. 

(2) Concentration polarization loss 

Concentration polarization loss is caused by the transportation resistance when a substance 

approaches or leaves the reaction sites [39]. Since the carbon fuels are always abundant in the anodic 
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chamber, the anodic concentration polarization can be safely ignored. The concentration polarization 

loss mainly refers to cathodic concentration polarization losses and can be expressed as [55- 62] 

lim

lim

lncon

e

JRT
E

n F J J

 
=  

− 
     (12) 

where limJ  is the limiting current density, which can be further expressed as 

lim eJ n FKC=        (13) 

where K is the mass transfer coefficient; C is the oxygen concentration in the cathodic chamber; and 

they can be, respectively, expressed as [42] 
0.55 2 31.875K vRe Sc=       (14) 

and 

( )
( )

2 ,

1

1

1

b

O cat y
C P f T

k C

  
=  

+  

    (15) 

where v  is the O2 flow rate, Sc is the Schmidt number; C1 is the NaOH concentration in pure water and 

its value is 24.75 [42]; y and b are two exponents; k is a coefficient; and Re and f (T) are the Reynolds 

number [63] and temperature-dependent function [43], which can be, respectively, expressed as 

1

vd
Re

V
=        (16) 

( )
( ) ( )( )2 30.046 203.35 ln 298 299.378 0.092 298 20.591 10

exp
8.3144

T T T T T
f T

T

 + − + − −  
=  

  

         (17) 

where d is the cathodic chamber effective diameter, and V1 is the kinematic viscosity. 

(3) Ohmic polarization loss 

Ohmic polarization loss is resulted from the resistances of electrolyte, electrode as well as 

connection wires, which follows the Ohm's law. The anodic chamber resistance Ran can be expressed as 

[39] 

1

an
an

an

X
R

YH
=        (18) 

where Y , anX  and H1 are, respectively, the width, length and height of the anodic chamber; and an  is 

the apparent anode conductivity, which can be written as [40] 

( )
1.50 1an an an  = −       (19) 

where 0

an  and an  are pure anode fuel conductivity and anode particle holdup, respectively. an  can 

be further calculated by 

an
an

an 1

M

AH



=       (20) 

where an , A and anM  are, respectively, the actual density of anode, bed cross-sectional area and fuel 

mass. 

Similarly, the cathodic chamber resistance catR  can be given by [62] 
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2

cat
cat

cat

X
R

YH
=       (21) 

where 

( )
1.50 1cat cat cat  = −       (22) 

( ) ( )( ) 
1

1 3

2 0.35 1000 0.072cat v  
−

= +      (23) 

( )

( )

( )

0.02645 115.2 623 K 723 K

0.01214 143.1 723 K 823 K

0.203 293 823 K 973 K

T T

T T

T T



 +  


= − +  


− +  

  (24) 

catX , Y  and H2 are, respectively, the length, width and height of the cathodic chamber; cat  is 

the apparent cathode conductivity; 0

cat  is the pure cathode conductivity; cat  is the cathode gas holdup; 

  and   are the density of molten NaOH and surface tension of the electrolyte, respectively. The 

typical parameters can be found in Table 1. 

Therefore, the total resistance and ohmic polarization loss of MHDCFC can be, respectively, 

given by 

ohm an catR R R= +       (25) 

and 

ohm ohmE JR=        (26) 

Thus, the output voltage Vcell can be expressed as 

, ,cell act an act cat con ohmV V E E E E= − − − −     (27) 

The power output, efficiency and entropy production rate of the MHDCFC can be, respectively, 

expressed as [42] 

cellP V I=        (28) 

e celln FVP

hH


•

−
= =

− 

     (29) 

and 

0 0

1
( )cell

e

h I
H P V

T n F T


•  
= − − = − − 

 
   (30) 

where T0 is the environment temperature. 

Furthermore, the EOF and ECOP of MHDCFC can be, respectively, expressed as [44-47] 

0 0cellE P T V I T = − = −      (31) 

and 

0 0

cellV IP
ECOP

T T 
= =       (32) 
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Table 1. Parameters used in the modeling. 

 

Parameters        Values 

Partial pressure of O2 in cathodic chamber (
2 ,O catP )   2.0 atm 

Partial pressure of CO2 in anodic chamber (
2 ,CO anP )   2.1 atm 

Length of reaction chamber (Xan, Xcat)    0.02 m 

Width of anodic or cathodic chamber (Y)    0.15 m 

Height of anodic chamber (H1)      0.06 m 

Height of cathodic chamber (H2)      0.2 m 

Effective diameter of cathodic chamber (d)     0.06 m 

Electrolyte         NaOH 

Operation temperature (T)      900 K 

Environment temperature (T0)      298 K 

Density of activated carbon (ρan)      2134 kg m-3 [39] 

Density of electrolyte (ρ)       2130 kg m-3 

Exponent of O2 pressure (r)      0.625 [55] 

Charge transfer coefficient (δ)      0.5 [7] 

Conductivity of activated carbon ( 0

an )     29300 S m-2 [7] 

Conductivity of cathode ( 0

cat )      3800 S m-2 [7] 

Schmidt number (Sc)       1000 [55] 

Kinematic viscosity (V1)     2.23×10-6 m2 s-1 [63] 

Mass of the MHDCFC in the anodic chamber Man   0.01 kg 

O2 flow rate ( v )       0.11 m s-1 

k          0.102078 [39] 

m         4.308933 [39] 

y          1.00044 [39] 
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3. RESULTS AND DISCUSSION 

In this section, whether the present model is good or not will be checked. In addition, how the 

thermodynamic performance of MHDCFC is affected by various designing parameters and operating 

conditions will be also discussed by comprehensive parametric studies. 

 

3.1. Model validation 
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Figure 2. Comparisons between the present MHDCFC modeling results and the theoretical model results 

obtained by Xing’s et al. [39] and experimental results obtained by Kacprzak’s et al. [30]. 

 

To validate the present MHDCFC model, the output voltage of the present MHDCFC model is 

compared with that of Xing’s model [39] and Kacprzak’s experimental date [30], as shown in Fig. 2. It 

is seen that the output voltages decrease with an increase in the operating current density. Additionally, 

Fig. 2 clearly displays that a good consistency between the present modeling results and the theoretical 

modeling results and the experimental results, except in the higher operating current density region. This 

is because the fuel cell output voltage in the higher operating current density region is mainly governed 

by the concentration overpotential, which is related to various design parameters and operating 

conditions. Meanwhile, the discrepancy between the present MHDCFC model and the Xing’s model [39] 

and Kacprzak’s date [30] is very small, indicating that the present MHDCFC model is reliable and valid 

to predict the performance of an actual MHDCFC. 

 

3.2. Effect of operating temperature 

As illustrated in Fig. 3, the output voltage, efficiency, output power density, specific EOF and 

ECOP increase as the operating temperature rises, while the specific entropy production rate decreases 

as the operating temperature increases. The range of operating current density is enlarged as the 

MHDCFC operating temperature is higher. This is because the electrodes of MHDCFC are more reactive 

and the mass transfer within the MHDCFC is improved at higher operating temperatures, leading to a 

lower polarization loss and a larger output voltage. As shown by Eqs. (28)-(32), a larger output voltage 
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results in an increase in efficiency, output power density, specific EOF and ECOP and a decrease in 

specific entropy production rate. Fig. 3 also illustrates that both efficiency and ECOP are monotonically 

decreasing functions of the operating current density, while the output power density and specific EOF 

first increase and then decrease with an increase in the operating current density. Therefore, there exist 

a maximum power output density *

maxP  and a maximum specific EOF *

maxE , and the corresponding 

current densities at *

maxP  and *

maxE  are JP and JE, respectively. It is observed that *

maxP , *

maxE , JP and JE 

shift to larger ones as the operating temperature grows.  
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Figure 3. Effects of operating temperature on (a) output voltage, (b) efficiency and output power density, 

(c) specific entropy production rate, (d) specific EOF, and (e) ECOP, where P* = P/A is the output 

power density, and JP is the current density corresponding to the maximum output power density 
*

maxP ; 
* = A   is the specific entropy production rate; 

*E E A=  is the specific EOF, and JE is 

the operating current density corresponding to the maximum specific EOF *

maxE . 

 

Furthermore, both efficiency and power output density decrease as the operating current density 

increases in the region J > JP. Obviously, the region of J > JP is not an optimum one for the MHDCFC 

system. Therefore, the optimum operating current density region is situated in the region of 0 < J < JP. 

In general, a higher working temperature is more conducive to MHDCFC performance. 

 

3.3. Effect of anodic and cathodic chamber heights 

As depicted in Fig. 4, the output voltage, efficiency, output power density, specific EOF and 

ECOP of MHDCFC increase with the increase of the anodic height or cathodic height, while the ohmic 

polarization loss and specific entropy production rate decrease as the anodic height or cathodic height 

increases. This is because the anode particle holdup decreases while the apparent anode conductivity 
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increases as anodic height increases, which leads to a smaller anodic chamber resistance. Furthermore, 

the anodic ohmic polarization loss is in inversely proportional to the anodic chamber resistance while 

the output voltage is in proportional to the anodic chamber resistance. As shown by Eq. (21), the cathodic 

chamber resistance decreases with the increase of the cathodic height, which results in a smaller cathodic 

ohmic polarization loss and a larger output voltage.  
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Figure 4. Effects of anodic and cathodic chamber heights on (a) output voltage and ohmic polarization 

loss, (b) efficiency and output power density, (c) specific entropy production rate, (d) specific 

EOF, and (e) ECOP, where the operating temperature T = 900 K. 

 

Fig. 4 also shows that the effects of anodic and/or cathodic heights on the MHDCFC performance 

get more prominent with the increasing operating current density. Additionally, the operating current 

density range of the MHDCFC as well as JP and JE increase with an increase in the anodic height or 

cathodic height. 

 

3.4. Effect of fuel mass 
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Figure 5. Effects of fuel mass on (a) output voltage, (b) efficiency and output power density, (c) specific 

entropy production rate, (d) specific EOF, and (e) ECOP, where H1 = 0.06 m, H2 = 0.2 m. 

 

Fig. 5 depicts that the output voltage, efficiency, output power density, specific EOF and ECOP 

of MHDCFC decrease with the increase of the fuel mass, while the specific entropy production rate 

increases as the fuel mass increases. As shown by Eqs. (18) – (20), the anode particle holdup and anodic 

chamber resistance are increased with the increasing fuel mass, which lead to a larger ohmic polarization 

loss and a smaller output voltage. Furthermore, the smaller output voltage results in a decrease in 

efficiency, output power density, specific EOF and ECOP. In addition, JP and JE decrease as the fuel 

mass increases. The effects of fuel mass on the MHDCFC performance become more sensitive as the 

operating current density increases. Although a smaller fuel mass benefits the MHDCFC performance, 

it is unsatisfactory to continuously and large-scalely produce electricity. 

 

3.5. Effect of O2 flow rate 

Fig. 6 illustrates that the output voltage, concentration polarization loss, efficiency, output power 

density, specific EOF and ECOP of MHDCFC decrease with an increase in the O2 flow rate, while the 

ohmic polarization loss and specific entropy production rate increase as the O2 flow rate grows. This is 

because

 

a larger O2 flow rate increases both the limiting current density and the mass transfer coefficient, 

which lead to an increase in the output voltage and a decrease in the concentration polarization loss. In 

addition, a larger O2 flow rate not only decreases the oxygen concentration difference in the cathodic 

chamber but also increases the apparent cathode conductivity and the collision between oxygen 

molecules and cathodic chamber wall, which lead to an increase in the cathodic ohmic polarization loss 

and a decrease in the output voltage.  
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Figure 6. Effects of O2 flow rate on (a) output voltage, (b) concentration polarization loss and ohmic 

polarization loss, (c) efficiency and output power density, (d) specific entropy production rate, 

(e) specific EOF, and (f) ECOP. 

 

Since the impacts of O2 flow rate on concentration polarization loss is smaller than that on ohmic 

polarization loss, a higher O2 flow rate will degrade the MHDCFC performance. Furthermore, the effects 

of O2 flow rate on the MHDCFC performance become insensitive at small operating current densities. 

This is because the rate of oxygen consumption is smaller than that of oxygen supply at small operating 

current densities, and therefore, the effects of O2 flow rate are not obvious. When the operating current 



Int. J. Electrochem. Sci., Vol. 15, 2020 

  

8866 

density grows, the MHDCFC performance may be limited by the amount of oxygen supplied, and the 

O2 flow rate becomes an influential factor. 

 

3.6. Effect of cathodic pressure 

Fig. 7 shows that
 
the output voltage, efficiency and output power density, specific EOF and 

ECOP of MHDCFC increase with an increase in the cathodic pressure because both cathodic activation 

polarization loss and concentration polarization loss are decreased as the cathodic pressure increases. 

Conversely, the specific entropy production rate decreases as the cathodic pressure increases.  
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Figure 7. Effects of cathodic partial pressure on (a) output voltage, (b) cathodic activation polarization 

loss and concentration polarization loss, (c) efficiency and output power density, (d) specific 

entropy production rate, (e) specific EOF, and (f) ECOP. 

 

This is because both cathodic activation polarization loss and concentration polarization loss are 

monotonically decreasing functions of cathodic oxygen concentration. Additionally, the OCV increases 

as the cathodic pressure increases. Practically, the partial pressure in the anodic chamber is greater than 

that in the cathodic chamber to prevent oxygen from diffusing into the anodic chamber. 

 

3.7. Effect of reaction chamber width 
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Figure 8. Effects of reaction chamber width on (a) output voltage and ohmic polarization loss, (b) 

efficiency and output power density, (c) specific entropy production rate, (d) specific EOF, and 

(e) ECOP. 

 

As shown in Fig. 8, the output voltage, efficiency, output power density and specific EOF and 

ECOP of MHDCFC increase with the increase of the reaction chamber width, while the ohmic 

polarization loss and specific entropy production rate decrease as the reaction chamber width increases. 

This is because both anodic chamber resistance and cathodic chamber resistance of the MHDCFC are in 
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inversely proportional to the reaction chamber width. An increase in reaction chamber width results in a 

decrease in the ohmic polarization loss and an improvement in the MHDCFC performance. In addition, 

the effects of reaction chamber width are more significant with the increasing operating current density, 

and the range of operating current density of MHDCFC as well as JP and JE increase as the reaction 

chamber width increases. 

 

 

4. CONCLUSION 

To overcome the electrolyte carbonation problem, an MHDCFC model with asymmetric anode 

and cathode is put forward. Considering various thermodynamic and electrochemical losses, the 

MHDCFC model is mathematically described. Model validation shows that the present MHDCFC model 

is valid and reliable. The performance of MHDCFC is comprehensively evaluated by adopting output 

voltage, efficiency, power output, entropy production rate, EOF and ECOP as objective functions. The 

efficiency, power output, EOF and ECOP are in proportional to output voltage, while the entropy 

production rate is in inversely proportional to the output voltage. Exhaustive parametric studies show 

that the operating temperature, anodic and/or cathodic chamber heights, cathodic pressure, and reaction 

chamber width positively improve the MHDCFC performance, while fuel mass and O2 flow rate have 

negative impacts on the MHDCFC performance. The obtained results are helpful for designing and 

operating such an actual MHDCFC. 
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