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Abstract: The economics, infrastructure, transportation, and level of living of a country are all influenced by energy. The gap between energy usage and availability is a global issue. Currently, all countries rely on fossil fuels for energy generation, and these fossil fuels are not sustainable. The hydrogen proton exchange membrane fuel cell (PEMFC) power system is both clean and efficient. The fuel delivery system and the PEMFC make up the majority of the PEMFC power system. The lack of an efficient, safe, and cost-effective hydrogen storage system is still a major barrier to its widespread use. Solid hydrogen storage has the large capacity, safety and good reversibility. As a hydrogen source system, the hydrogen supply characteristics affect the characteristics of the PEMFC at the output. In this paper, a mathematical model of a hydrogen source reactor and PEMFC based on chemical absorption/desorption of solid hydrogen storage is established, and a simulation model of a PEMFC power system coupled with solid hydrogen storage is established using MATLAB/SIMULINK software, and the hydrogen supply of the reactor is analyzed in detail. The influence of prominent factors is evaluated. The research results show that the proposed method improved the system performance. At the same time, increasing the PEMFC temperature, increasing the area of the proton exchange membrane and the oxygen supply pressure can increase the output power of the power system.
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1  Introduction

The proton exchange membrane fuel cell (PEMFC) is an efficient and clean electric energy conversion device [1]. The PEMFC uses hydrogen as the anode fuel and oxygen as the cathode oxidant. The electrochemical reaction between hydrogen and oxygen generates electricity. Compared with the traditional thermal power generation technology, PEMFC products have no pollution to the environment, and there is no noise during operation, and the conversion efficiency is higher than that of general heat engines. It is an ideal energy utilization method [2–6]. It is precisely because of the outstanding advantages of PEMFC that it has not only been applied in professional military fields such as aviation and submarine [7,8], but also has been successfully applied in civil applications such as power stations, new energy vehicles and portable power supplies [9].

The exchange membrane fuel cell (EMFC) power system is an integrated power supply device, which is mainly composed of a hydrogen source system and a PEMFC. The hydrogen source system provides fuel for the PEMFC to generate electricity. The traditional hydrogen source system mainly uses high-pressure hydrogen storage technology or low-temperature liquid hydrogen storage technology to store hydrogen first, and when the PEMFC needs hydrogen, the hydrogen is released to supply hydrogen to the PEMFC [10]. However, traditional hydrogen energy storage technology has restrictive factors such as huge system volume, large energy loss, high cost, and low security [11–14]. Compared with traditional hydrogen storage technology, chemical adsorption hydrogen storage is an efficient new indirect hydrogen storage method. The hydrogen storage principle is that the hydrogen storage material chemically reacts with hydrogen to absorb hydrogen. When certain conditions are provided by the outside world, hydrogen storage The reaction proceeds in the reverse direction and hydrogen is released [15]. Unlike traditional hydrogen storage methods, the characteristics of the chemical adsorption hydrogen storage hydrogen source system are controlled by the hydrogen storage reactor, and the temperature and pressure of the hydrogen flow will change as the operating conditions of the hydrogen storage reactor change [16]. The hydrogen output from the hydrogen source system is used as the inlet fuel of the fuel cell, and its temperature, pressure, flow rate and other parameters have a great influence on the output characteristics of the fuel cell [17].

Reference [18] conducted experiments and found that under certain environmental conditions, the optimal operating temperature Topt increases as the output current increases. When the output current is less than 50 A, the environmental humidity RH has almost no effect on Topt. Reference [19] used the fuel cell tester of Arbin Instrument Company of the United States as the fuel cell test system to study the influence of hydrogen gas intake on fuel cell performance. The experimental results showed that in the case of increased hydrogen flow, the limit current density with a slight increase, the battery performance remains stable, so controlling the intake air volume within a certain range does not have a great impact on the fuel cell. Reference [20] established a mathematical model including the electrochemical model and temperature model of the proton exchange membrane fuel cell, analyzed in detail the influence of various parameters on the fuel cell, and controlled its output unstable voltage. As a PEMFC power system, the hydrogen storage reactor provides hydrogen to the PEMFC. The hydrogen supply characteristics of the hydrogen storage reactor will directly affect the performance of the PEMFC, and the output characteristics of the PEMFC determine the energy conversion efficiency of the entire hydrogen power system, but it is currently based on the solid-state hydrogen storage reaction The coupling characteristics of chemical adsorption hydrogen storage and PEMFC are not clear yet.

Therefore, based on the hydrogen power system of the chemical adsorption hydrogen storage reactor using LaNi5 as the hydrogen storage medium and the PEMFC using H2 as the fuel, this paper studies the operating parameters and design parameters of the hydrogen power system on the output characteristics of the fuel cell by establishing a mathematical model. At the same time, the concept of power sensitivity factor is proposed, and the influence of various parameters on the output power of the hydrogen power system is quantitatively compared, which provides an optimization idea for the efficient use of the PEMFC power system.

2  Hydrogen Storage Reactor Model

The hydrogen required by the hydrogen fuel cell to work is provided by the hydrogen storage reactor during the hydrogen release stage, so the fuel cell is more sensitive to the hydrogen release pressure of the hydrogen storage reactor. The working principle of hydrogen release in the hydrogen storage reactor is as follows. When the internal pressure of the reactor is lower than the equilibrium pressure under the same conditions, the solid hydrogen storage medium will release hydrogen at the equilibrium pressure. When the initial pressure inside the reactor is higher than the equilibrium pressure, no hydrogen will be released at this time. Since the solid hydrogen storage medium metal hydride is more sensitive to liquid/gaseous water, the solid hydrogen storage reactor supplies the proton exchange membrane fuel cell with hydrogen as dry hydrogen. The equilibrium pressure is generally affected by the reactor temperature. The higher the reactor temperature, the greater the equilibrium pressure. The relationship between equilibrium pressure and temperature can be expressed by Eq. (1):


Peq,d=f(H/M)e[ΔHM(1T−1Tref)]
(1)


f(H/M)=a0+a2(H/M)2+a3(H/M)3+a4(H/M)4+a5(H/M)5+a6(H/M)6+a7(H/M)7+a8(H/M)8+a9(H/M)9
(2)

In the formula, 
Tref
is the reference temperature, taking 303 K; T is the reactor temperature in K; 
H/M
is the ratio of the number of hydrogen atoms to the number of metal atoms; R is the gas constant, taking 8.314 J/(mol⋅K); 
ΔH
is the reaction enthalpy change in kJ/mol.

The coefficients of the equilibrium pressure calculation formula are shown in Table 1.
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3  Fuel Cell Model

The main working principle of PEMFC is that under the action of the anode catalyst, the hydrogen gas reacts to generate hydrogen ions and electrons. The hydrogen ions reach the anode of the fuel cell through the proton exchange membrane. Electric current is generated during the entire charge movement and ion movement, and finally the electric energy is generated. The whole process is accompanied by the generation of water and heat [21–23]. During the entire electrochemical reaction process, the voltage generated by the fuel cell can be calculated by the Nernst equation. In the actual working process, the fuel cell will produce three kinds of voltage loss with the change of current density, namely activation overvoltage, ohmic overvoltage, and concentration overvoltage, so the final output voltage of the fuel cell can be calculated by Eq. (3). As the current density increases, the output voltage of the fuel cell will also decrease due to the existence of three voltage polarizations. In the process of increasing current density, the three voltage polarization characteristics divide the whole process into three stages, namely low current density area, medium current density area and high current density area. In the low current density area, the voltage loss is dominated by activation overvoltage. In the medium current density area, the voltage loss is dominated by ohmic overvoltage. In the high current density area, the concentration overvoltage is dominant. The following is the calculation method of the output voltage of a single fuel cell based on the physical and chemical process of PEMFC and the experimental characteristics of it [24]


Vcell=ENerst−Vact−Vconc−Vohm
(3)

3.1 Nernst Voltage

The Nernst voltage of PEMFC can be calculated using the standard state entropy change of the Nernst equation, and the specific calculation formula is as follows [25]


EN=1.229−0.85×10−3(TPEM−298.15)+RTPEM2Fln⁡(pH2.pO2)
(4)

In the formula, 
TPEM
represents the fuel cell temperature in K; 
pH2
represents the anode hydrogen pressure, 1.013 × 105 Pa; 
pO2
represents the cathode oxygen pressure, 1.013 × 105 Pa; R represents the universal gas constant, taking 8.314 J/(mol⋅K); F represents the Faraday constant, which is 96485 C/mol.

3.2 Activation Overvoltage

The activation overvoltage is caused by the transfer of electrons and the formation and breaking of the chemical bond between the cathode and the anode, so part of the available energy is lost in the process of driving the chemical reaction and transferring electrons between the electrodes. The activation overvoltage can occur at both the anode and cathode of the fuel cell, but the oxidation reaction of hydrogen at the anode is very fast, while the oxygen reaction at the cathode is slow, causing the activation overvoltage to basically occur on the cathode side. The following is used to calculate the activation empirical formula for voltage [26,27]


Vact=−1×(ξ1+ξ2TPEM+ξ3TPEMln⁡CO2+ξ4TPEMln⁡IPEM)
(5)

In the formula, 
CO2
represents the oxygen concentration of the cathode in mol/cm3; I represents the battery current in A; 
ξ1
, 
ξ2
, 
ξ3
, 
ξ4
are all empirical parameters, which can be calculated with the following formula


ξ1=−0.9154
(6)


ξ2=0.00286+0.0002ln⁡(A)+4.3×10−5ln⁡(CH2)
(7)


ξ3=7.4×10−5
(8)


ξ4=−1.87×10−4
(9)

In the formula, A represents the area of the proton exchange membrane in cm2; 
CH2
represents the anode hydrogen concentration in mol/cm3.

The anode hydrogen concentration and cathode oxygen concentration are functions of battery temperature and can be calculated by Henry’s law


CH2=pH21.09×106e(77/TPEM)
(10)


CO2=pO25.08×106e(−498/TPEM)
(11)

3.3 Ohm Overvoltage

The ohmic overvoltage is mainly caused by the impedance of the proton exchange membrane to the transfer of protons and the impedance of the fuel cell electrode to the transfer of electrons. According to Ohm’s law, the ohmic voltage drop is proportional to the current density, which can be calculated by the following formula [28,29]


Vohm=IPEMRohm=IPEM(Rm+Rc)
(12)

In the formula, the impedance 
Rc
of protons (electrons) passing through the proton exchange membrane is generally constant, which is 0.0003 Ω based on experience.

The impedance of ions passing through the electrolyte 
Rm=γmlmem/A
, the unit is Ω⋅cm; 
γm
is the resistivity which is expressed as:


γm=181.6[1+0.03(IPEM/A)+0.062(TPEM/303)2(IPEM/A)2.5]{(ψ−0.634−3(IPEM/A))exp⁡[4.18(TPEM−303TPEM)]}
(13)

where 
ψ
is the water content of the proton exchange membrane, is the adjustment number, and is a function of the relative humidity of the anode gas and the stoichiometric number. In the ideal case of 100% humidity, it is 14, and when it is oversaturated, it is 22 or 23, the maximum. This model takes the value 
ψ
= 14, that is, assuming that the proton exchange membrane is an ideal situation with 100% humidity and water content [20,21], 
ψ−
0.634 is the adjustment number at 30°C when there is no current; 3.
(IPEM/A)
is the current correction item; 
exp⁡[4.18(TPEM−303TPEM)]
is a temperature correction item.

3.4 Concentration Overvoltage

Concentration overvoltage is the voltage loss caused by the gradual consumption of reactants in the reaction process, resulting in a gradual decrease in concentration. Concentration polarization mainly plays a major role when the current density is high, because the high current density increases the consumption of the reactants, the concentration changes more drastically, and the concentration overvoltage increases. The theoretical formula of concentration polarization overvoltage is more complicated. Generally, empirical formula is used to calculate concentration overvoltage. The calculation formula of concentration overvoltage used in this paper is as follows


Vcon=meni
(14)

In the formula, m and n are the mass transfer coefficients of the fuel cell, and their values are mainly determined by the conductivity of the electrolyte and the porosity of the gas diffusion layer. m is also affected by the operating temperature of the fuel cell, and has the following two different expressions:


m={3.3×10−3−8.2×10−5(T−273.15),T≤312.151.1×10−4−1.2×10−6(T−273.15),T>312.15
(15)

3.5 Output Power and Efficiency

The output power P of a single fuel cell can be calculated by Eq. (16) as follows


P=VcellI
(16)

In the formula, 
Vcell
represents the output voltage of a single fuel cell; I represents the current passing through a single fuel cell.

The output power of a single fuel cell is relatively small. Generally, multiple fuel cells are connected in series to form a stack for use. At this time, the stack output power can be expressed by Eq. (17), where N is the number of fuel cells connected in series.


P=NVcellI
(17)

The output efficiency of the fuel cell can be calculated by Eq. (18), where μf is the fuel utilization efficiency, generally within the range of 95%. 1.48 V is the maximum theoretical output voltage that the fuel cell can achieve.


η=μfVcell1.48
(18)

4  Results and Discussion

4.1 Model Validation

In order to test the rationality of the model, based on the above equation of fuel cell output voltage, this paper uses MATLAB/SIMULINK software to establish a single fuel cell model. The specific parameters are shown in Table 2 and compare the data obtained by the simulation with the experimental data in the literature, and the comparison result is shown in Fig. 1. It can be seen from the figure that the simulation results and the experimental data are in good agreement with the partial pressures of fuel hydrogen and oxygen at a temperature of TPEM = 323 K at 1.013 × 105 Pa, 2.026 × 105 Pa, 3.039 × 105 Pa, etc., indicating that the proposed model can be used to study the characteristics of hydrogen storage reactor coupled with fuel cell power system.
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Figure 1: Comparison of the fuel cell output voltage

4.2 Influence of Temperature on Fuel Cell Characteristics

As the temperature of a fuel cell increases, the rate of electrochemical reactions inside it increases, and its output voltage changes. Therefore, the temperature of the fuel cell is an important factor affecting the hydrogen power system. Since the hydrogen power system is affected by many factors, in order to obtain the influence of a certain parameter on the output characteristics of the fuel cell, other operating parameters are kept constant during the research process in order to analyze the influence of a single parameter on it. Based on this, the hydrogen supply pressure of the hydrogen storage reactor is maintained unchanged, which is the hydrogen supply pressure at 343 K, the atomic ratio is set to 0.5, the proton exchange membrane area is set to 280 cm2, and the other parameters are consistent with those in the verification model. The fuel cell cathode oxygen supply pressure is set to 3.039 × 105 Pa, and the fuel cell temperature is set to five temperature gradients of 313, 323, 333, 343, and 353 K, and the influence of temperature on its output characteristics is studied.

The voltage-current density curve of the fuel cell at different temperatures is shown in Fig. 2. When the temperature of the hydrogen storage reactor is kept constant, the output voltage of a single fuel cell gradually increases as the working temperature of the fuel cell increases. This is because the temperature of the fuel cell increases and the reaction kinetics of the fuel cell accelerates, which is conducive to accelerating the electrochemical reaction of the fuel cell. Therefore, the increase in the temperature of the fuel cell is conducive to the output of the voltage. At the same temperature, the output voltage of the fuel cell gradually decreases with the increase of the current density. This is due to the increase of the current density and the increasing irreversible loss of the three voltages inside the fuel cell, causing the total output voltage to gradually decrease. From Fig. 2, the higher the operating temperature of the fuel cell, the more favorable the output voltage of the fuel cell. As shown in the figure, when the temperature is 353 K (80°C), the output voltage is significantly higher than the output voltage at other temperatures. But in fact, the temperature of the fuel cell should not be too high. If the temperature of the fuel cell is too high, it will easily evaporate the water in the fuel cell, causing the proton exchange membrane to dehydrate or even dry up, resulting in a decrease in membrane conductivity and an increase in its resistance, which will lead to a sharp decline in fuel cell performance.
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Figure 2: Density of the VI of single cell with varying temperature

Because the electric energy that a single fuel cell can provide is limited, usually multiple fuel cells are used in series, so when studying the relationship between power and temperature, a stack of 35 fuel cells in series is used as the research object.

Fig. 3 shows the power curve of the fuel cell stack at different temperatures. It can be seen from the figure that the power of a single fuel cell gradually increases with temperature under the same current density. This is because the output voltage of the fuel cell gradually increases with temperature, so the power will gradually increase with temperature. At the same temperature, the power of a single fuel cell first reaches a “peak value” as the current density increases. For example, when TPEM = 353 K, the current density reaches about 5130 W at 1.1 A/cm2, and the current density further increases. The output power is gradually reduced until it is zero. This is because in the case of low current density, although the output voltage is high, the current is low, resulting in low power. When the current density gradually increases and the voltage loss is not large, the stack will have the maximum power. It can be drawn from the power curve that, at the same temperature, the current density at which the fuel cell power peaks are the optimal operating current density of the fuel cell. Higher or lower current density will reduce the output power.
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Figure 3: Density of the VI of multiple cell with varying temperature

Fig. 4 shows the efficiency curves of fuel cells at different temperatures. Since the calculation of efficiency is proportional to the calculation of the output voltage of a single fuel cell, the curve is similar to the output voltage curve of a single fuel cell. Similarly, the efficiency of a fuel cell increases with increasing temperature at the same current density. From the comparison of the efficiency curve and the power curve, we can conclude that the efficiency is not the highest at the current density corresponding to the highest power point at the same temperature. When the temperature is TPEM = 353 K, the current density corresponding to the highest power point is 1.0 A/cm2, and the efficiency at this time is about 45%, which is higher than that of a general internal combustion engine [30–32].
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Figure 4: Single-cell efficiency analysis

4.3 Battery Characteristics Analysis

The hydrogen pressure required by the anode of the fuel cell is supplied by the hydrogen storage reactor, so changes in the parameters of the hydrogen storage reactor will also have a greater impact on the entire hydrogen fuel cell power system. The main parameter that affects the hydrogen release pressure of the hydrogen storage reactor is the reactor bed temperature. When the reactor temperature is different, the hydrogen release pressure of the reactor will be different, and the output characteristics of the fuel cell will also change accordingly, in order to study the hydrogen storage reaction influence on the output power of the fuel cell, the relationship between the reactor temperature and its output hydrogen pressure is first given, as shown in Fig. 5.
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Figure 5: Analysis of pressure of hydrogen storage reactor

According to the relationship between the output hydrogen pressure and temperature, the output hydrogen pressure is set to 3.039 × 105 Pa, 5.065 × 105 Pa, 7.091 × 105 Pa, 9.117 × 105 Pa by changing the reactor temperature, and the cathode oxygen supply is set. The pressure is 3.039 × 105 Pa, the fuel cell temperature is 343 K, and the output power of the stack varies with the current density under the conditions of the other parameters unchanged. Fig. 6 shows the curve of fuel cell output power vs. current density under different hydrogen pressures. Under different hydrogen supply pressures, the power of the stack changes little. For example, when the hydrogen supply pressure is 3.039 × 105 Pa and 9.117 × 105 Pa, the difference between the fuel cell stack’s highest power point is about 330 W. If the fuel cell stack is used in small electrical appliances, it needs less power, and the number of fuel cells in series is larger. The drop in hydrogen supply pressure has little effect on the power drop of the fuel cell stack. If the fuel cell stack is used in large-scale electrical appliances, the output power required is relatively large, the number of fuel cells in series is large, and the power loss caused by the temperature drop of the reactor is large, which is not conducive to the efficient use of energy. Therefore, the hydrogen fuel cell power system used in large electrical appliances should increase the hydrogen release temperature of the reactor as much as possible within the allowable range to increase the hydrogen supply pressure to increase the output efficiency of the fuel cell stack.
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Figure 6: Comparison of the power vs. hydrogen supply pressure for multiple cells

The total reaction inside the fuel cell is the process of hydrogen and oxygen reacting to produce water, so the oxygen supply pressure at the cathode will also affect the output characteristics of the fuel cell. When the cathode oxygen supply pressure is insufficient, the electrochemical reaction is incomplete, and the maximum energy conversion efficiency cannot be reached. When the cathode oxygen supply pressure is too large, the compressor power consumption will increase significantly, which will increase the system cost and easily damage the internal structure of the fuel cell. Therefore, choosing the appropriate oxygen pressure is also important for the output characteristics of the fuel cell. In order to study the influence of cathode oxygen pressure on fuel cell output characteristics, the simulation conditions are: hydrogen pressure is maintained at 3.039 × 105 Pa, fuel cell temperature is set at 343 K, proton exchange membrane area is 280 A/cm2, and oxygen pressure is 3.039 × 105 Pa, 5.065 × 105 Pa, 7.091 × 105 Pa, 9.117 × 105 Pa four pressure gradients, other parameters remain unchanged. Fig. 7 is the curve of the output power of the fuel cell with the current density under the working conditions of different cathode oxygen pressures.
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Figure 7: Comparison of the power vs. oxygen supply pressure for multiple cells

It can be seen from the figure that as the cathode oxygen pressure gradually increases, the fuel cell output power also gradually increases, and the degree of change is greatest at the fuel cell power “peak”. Like the influence of hydrogen pressure on the output power of a fuel cell, the increase in oxygen pressure has a smaller effect on the increase in output power. For example, the difference between the oxygen pressure of 3.039 × 105 Pa and the oxygen pressure of 9.117 × 105 Pa is 324 W at the peak power, which is roughly the same as the effect of hydrogen on the output power. Therefore, increasing the hydrogen and oxygen pressure is conducive to the increase of output power, but it is not that the higher the pressure, the better. When the pressure is too high, the power consumption of the compressor will increase significantly, increasing the system cost. At this time, the appropriate hydrogen and oxygen pressures should be selected according to the system cost and fuel cell structure.

4.4 Influence of Different Area on Fuel Cell Output Characteristics

The proton exchange membrane is an important part of the fuel cell. Its main function is to block the direct contact reaction between the fuel and the oxidant and to conduct protons. The area of the proton exchange membrane is an important parameter that affects the output characteristics of the fuel cell. By changing the area of the proton exchange membrane, the output power of the fuel cell stack under different membrane areas can be obtained, which is used to analyze the influence of the proton exchange membrane area on the fuel cell. In this study, the area of the proton exchange membrane was set to 240, 260, 280, 320 cm2, the anode hydrogen supply pressure and cathode oxygen pressure were set to 3.039 × 105 Pa, and the fuel cell temperature was set to 343 K, which was calculated according to the built model Output power-current density curves under different membrane areas to obtain the influence of membrane area on fuel cell characteristics. When the area of the proton exchange membrane is 240, 260, 280, 320 cm2, the output power and voltage curves of the fuel cell stack are shown in Fig. 8.
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Figure 8: Comparison of power of multiple cells with different membrane areas

It can be seen from the figure that as the area of the proton exchange membrane increases, the output power gradually increases. This is because the larger the area of the proton exchange membrane, the more supported catalyst, which means that the larger the activation area of the fuel cell, the better the output performance of the fuel cell. When the area of the proton exchange membrane is 320 cm2, the maximum output power appears at a current density of 0.9 A/cm2, and the maximum output power is about 4945 W. When the area of the proton exchange membrane is 280 cm2, the maximum output power appears at a current density of 0.95 A/cm2, the maximum output power is about 4452 W, and the peak output power increases by 493 W, indicating that increasing the area of the proton exchange membrane can greatly increase the output power of the fuel cell stack. When the area of the proton exchange membrane gradually increases, the peak output power of the fuel cell stack shifts to the direction of decreasing current density. The maximum value of the rate moves in the direction of increasing current density. However, the output characteristics of the cell under the unit membrane area have not changed much. Fig. 9 shows the influence of different proton exchange membrane areas on the output characteristics of the fuel cell under the unit membrane area. It can be seen from the figure that the output power per unit membrane area does not increase significantly as the area of the proton exchange membrane increases.
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Figure 9: Comparison of power per unit area

4.5 Sensitivity Analysis

In order to compare and analyze the influence of the four parameters of temperature, hydrogen pressure, oxygen pressure and membrane area on the output power of the stack, this paper defines the power sensitivity coefficient ΔW/ΔX, and calculates the power sensitivity factor at the maximum power value. The fuel cell output characteristics are quantified and compared, and the specific definition is shown in Eq. (19). According to Eq. (19), the power sensitivity coefficient when the temperature of the fuel cell changes, the power sensitivity coefficient when the hydrogen supply pressure of the hydrogen storage reactor changes, the cathode oxygen pressure, the power sensitivity coefficient when the proton exchange membrane area changes, and then the different parameters can be compared. The degree of influence on the output power of the fuel cell.


ΔWΔX=FuelcellpowerchangerateOperatingparameterchangerate
(19)

According to the above definition, the power influence factors of the 4 parameters can be calculated separately, as shown in Eqs. (19)∼(22) in Fig. 10. From the calculation results, the fuel cell temperature has the greatest influence on the output power, and the power sensitivity factor is 1.81. The second is the influence of the proton exchange membrane, the power sensitivity factor is 0.73. Finally, changes in hydrogen supply pressure and oxygen pressure have basically the same effect on the output power of the fuel cell, and the power sensitivity factor is about 0.036. However, the difficulty of changing the four parameters and the operating range are different. The temperature of the fuel cell can only be changed within a relatively small range. The general operating temperature cannot exceed 363 K (90°C). Changing the fuel cell temperature at the operating temperature is already The operability is not very strong when it is higher. The hydrogen supply pressure is affected to a certain extent by the amount of hydrogen that the hydrogen storage reactor can store. When the hydrogen supply pressure of the hydrogen storage reactor is low due to the temperature limitation, if the hydrogen storage temperature is increased at this time, the fuel cell can be greatly improved. The output power of the reactor, and the method is easy to operate, only needs to strengthen the heat exchange process of the hydrogen storage reactor. Although the output power of the fuel cell can also be increased by increasing the oxygen supply pressure of the cathode, increasing the oxygen supply pressure of the cathode will also increase the power consumption of oxygen boosting. It is necessary to increase the output efficiency of the fuel cell by increasing the oxygen supply pressure. Comprehensive consideration of oxygen boosting power consumption and fuel cell increased power, in order to achieve the most suitable optimization method. Compared with other methods, increasing the area of the proton exchange membrane to increase the output power has a larger power sensitivity factor, and the adjustable range of the fuel cell membrane area is relatively large, so it is feasible to increase the output power by increasing the area of the proton exchange membrane.


ΔWΔT={5130−4166}/4166{353−313}/313=1.81
(20)


ΔWΔPH2={4779−4452}/4452{9−3}/3=0.037
(21)


ΔWΔPO2={4813−4489}/4489{9−3}/3=0.036
(22)


ΔWΔA={4945−3980}/3980{320−240}/240=0.73
(23)
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Figure 10: Comparison of power with various parameters

5  Conclusion

In order to improve the output characteristics of the PEMFC power system coupled with chemical absorption/desorption of solid hydrogen storage and realize the efficient work of the PEMFC power system, this paper uses MATLAB/SIMULINK combined with the empirical formula of the relevant PEMFC power system to establish its simulation model and study Hydrogen fuel cell temperature, the hydrogen supply pressure of hydrogen storage reactor, cathode oxygen supply pressure, proton exchange membrane area and other parameters affect the law of PEMFC power system.

The main conclusions are as follows:

1)   When the temperature of the hydrogen storage reactor increases from 305 to 337 K, the pressure of hydrogen released to PEMFC increases from 3.039 × 105 Pa to 9.117 × 105 Pa, which increases the output power of PEMFC by 327 W;

2)   The internal working temperature of the fuel cell has a great influence on its output voltage, output power and output efficiency. When the hydrogen supply pressure of the hydrogen storage reactor is constant and the area of the proton exchange membrane is constant, the output power, output voltage, and output efficiency of the fuel cell gradually increase with the increase in temperature, reaching the highest at 353 K. Combined with the actual working conditions of PEMFC, it is better to set the fuel cell working temperature at 343 K;

3)   The sensitivity factors of temperature, hydrogen supply pressure, oxygen supply pressure, and membrane area to PEMFC output power are 1.81, 0.037, 0.036, and 0.73, respectively. Based on this, the parameters can be optimized according to the actual operating conditions of PEMFC to obtain a better PEMFC power system running result.
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Table 1: Coefficient values

Parameter Numerical value
ao —1.4654

ai 19.1902

a; —42.086

a; 49.0869

ay —33.8194

as 14.4375

e 14.4375

as 0.6275

as —0.0567

ag 0.0021
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Table 2: Configuration parameters

Parameter Value

Py, 1.013 x 10° Pa
I nax 0.8 4/cm?

A 50 cm?

Po, 1.013 x 10° Pa
TrEM 323 K

/4 14

F 96485 C/mol

n 8

R 8.314 J/(mol.K)
Imen 127 um
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