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A study for development of model and HILS system for PEMFC
performance analysis

Kim, Jong-in

Department of Marine Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

As the importance of environmental protection is emphasized, regulations
on environmental pollution are being tightened around the world, and fuel
cells that do not generate any pollutants are seen as the most likely
next-generation power plants. Among the various fuel cells, Proton
Exchange Membrane fuel cell (PEMFC), which is a low-temperature fuel
cell, has an operating temperature of 80 to 100° C, making it easier to
start and operate, and is advantageous in terms of materials and
maintenance. It also has the advantage of being able to respond quickly to
load fluctuations, so it has the appropriate characteristics as a
large-capacity power plant, such as a merchant ship. However, technologies
that have been commercialized cannot be larger than that are applied to
cars or small-sized cruise ships, and lack actual operational data. And it is
difficult to obtain the results of operation by deploying the actual PEMFC
system due to the time and cost problems that require experimental data,
as a result of sufficient operation for the large scale and application of
PEMFC. Therefore, it is necessary to accumulate and study operational data
through the modeling and simulation of the PEMFC system. Typical
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modeling and simulation is the method of obtaining the model’s operational
data through software, and one of the simulation techniques, the Hardware
In Loop Simulation (HILS) system, can identify problems that may occur
before the plant is built through the linkage of real-time operating
software, controls and peripheral devices that is the hardware to be used
in plants. It also enables the accumulation of interlocked simulated data
between software and hardware. In high-cost industries such as the fuel
cell industry, the HILS system enables efficient development through the
time and cost savings required for research.

In this paper, the 120kW PEMFC system model based on actual operation
data was developed and the HILS system was established for the study of
fuel cell characteristics for the application of the PEMFC system on large
ships. The models were developed using Matlab/Simulink and Thermolib. A
model using oxygen and hydrogen, such as those used in actual operation,
was developed to verify its reliability by comparing it with the experimental
data. Based on reliability, the model was simulated under various conditions
to confirm the operation characteristics. First, the performance
characteristics of air as well as oxygen were compared, and the effect of
each factor on the operation characteristics was verified by changes in the
operating temperature of the stack, the fuel/gas supply pressure, the
reaction area of the electrolyte film, and the thickness of the electrolyte
film. The effect of the heat capacity of the stack and the change in heat
transfer coefficient with the cooling medium of the stack was also
confirmed.

In addition, real-time simulation was carried out by deploying HILS systems
using the developed simulink model. The practicality of the HILS system
was verified by comparing the experimental data with the results of the
HILS system simulation.

As a result of the operation of the experimental data and the model
developed, the difference in the output voltage of the stack was up to
1.9% and it was confirmed that it was operated similarly. The model
simulation showed that the stack voltage was higher when using oxygen,
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when the operating temperature is high, when the reaction area of the
electrolyte membrane is large, when the electrolyte film is thin. The heat
capacity of the stack and heat transfer coefficients with the cooling
medium, it was confirmed that the output of the stack was not significantly
affected. The results of simulations using the HILS system were also
confirmed to be similar to experimental data, demonstrating the practicality
of the system built as a real-time simulator replacing the actual 120kW
PEMFC.

KEY WORDS: PEMFC system, Modelling, Simulation, HILS
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Fig. 3.5 Modeling of Stack cooling system
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Fig. 3.7 Modeling of PI controller
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Fig. 3.8 PEMFC Stack model
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Fig. 3.10 Heat Exchanger model
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Fig. 4.2 Configuration of HILS system
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(1) PC(Laptop) - Control system
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A ZUEEe o] 8T

=9 A - Windows 7
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Fig. 4.6 Running Matlab
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Fig. 4.18 Setting of model configuration parameters(Code generation)
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Fig. 4.27 Setting of PXI controller
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Fig. 4.28 Connecting PXI controller with PC(Veristand)
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Fig. 4.32 Example of adding dial into workspace
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Fig. 4.34 Example of adding graph into workspace

_5']_

Collection @ kmou



@ AP 5236}% o] Eu4H Workspace?] Screen-Edit modeES &€
st sA|ge. ofg] 13 -S EditingS —?F <7 Z<l HIL Simulatorel] wh&
Veristand®] =<&o|t}. 4%«] Ampere(load) In(¥3} 4=HFH) dials F7HAHES
o 1o wet Frtete EYits £ 5 vk ol HIL Simulatorell Al 3=+
AANZE AlEE ol ARgholth

000958 001000 001000
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Table 5.1 Conditions of Simulink model simulation

Model Calculation condition and unit Data
Number of cells [-] 320
Maximum hydrogen conversion rate [-] 0.8
PEMFC stack Operating temperature of stack [K] 353
Active cell area of one cell [m?2] 0.16
Pressure Cathode Inlet [ ru] 253312
Anode Inlet [ Pa] 253312
Stoichiometric | Fuel [-] 1.2
ratio Oxidant [-] 2
- Anode Inlet gas [%] 100
Humidity e ode let gas [%] 100
- 58 -
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Table 5.2 Simulated conditions according to temperature

Model Calculation condition and unit Data
Number of cells [-] 320
Maximum hydrogen conversion rate [-] 0.8
PEMFC stack
Active cell area of one cell [m?] 0.16
Thickness of membrane [em] 0.03
Pressure Cathode Inlet [7u] 253312
Anode Inlet [ 7a] 253312
Stoichiometric | Fuel [-] 1.2
ratio Oxidant [-] 2
- Anode Inlet gas [%] 100
Humidity "= 0de miet gas [%] 100
- 6'] -
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Table 5.3 Simulated conditions according to pressure

Model Calculation condition and unit Data
Number of cells [-] 320

Maximum hydrogen conversion rate [-] 0.8

PEMFC stack | Operating temperature of stack [K] 353
Active cell area of one cell [m?] 0.16
Thickness of membrane [em] 0.03

Pressure

Stoichiometric | Fuel [-] 1.2

ratio Oxidant [-] 2

- Anode Inlet gas [%] 100
Humidity o ode Inlet gas [%] 100
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Table 5.4 Simulated conditions according to active area

Model Calculation condition and unit Data
Number of cells [-] 320
Maximum hydrogen conversion rate [-] 0.8
PEMFC stack | Operating temperature of stack [K] 353
Thickness of membrane [em] 0.03
Pressure Cathode Inlet [7a] 253312
Anode Inlet [ 7Pa] 253312
Stoichiometric | Fuel [-] 1.2
ratio Oxidant [-] 2
- Anode Inlet gas [%] 100
Humidity o tode Inlet gas [%] 100
- 7'] -
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Table 5.5 Simulated conditions according to thickness of membrane

Model Calculation condition and unit Data
Number of cells [-] 320
Maximum hydrogen conversion rate [-] 0.8
PEMFC stack | Operating temperature of stack [K] 353
Active cell area of one cell [m?] 0.16
Pressure Cathode Inlet [Pa] 253312
Anode Inlet [Pl 253312
Stoichiometric | Fuel [-] 1.2
ratio Oxidant [-] 2
. Anode Inlet gas [%] 100
Humidity e ode let gas [%] 100
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Fig. 5.19 Comparison of model voltage according to various

membrane thickness
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Table 5.6 Simulated conditions according to thermal mass of stack

Model Calculation condition and unit Data
Number of cells [-] 320

Maximum hydrogen conversion rate [-] 0.8

Operating temperature of stack [K] 353

PEMFC stack | Active cell area of one cell [m?] 0.16
Thickness of membrane [em] 0.03

Pressure Cathode Inlet [Pa] 253312
Anode Inlet [ 7a] 253312
Stoichiometric | Fuel [-] 1.2
ratio Oxidant [-] 2
. Anode Inlet gas [%] 100
Humidity =2 0de let gas [%] 100
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Collection @ kmou



350 . , . . . . . 600

300 -g‘ 1 500
| ——— T |
g 250 " ~ e T e s =
—— Ampere
= I (oo 0, Volt.(496800) 400
[ | |—= 0, Volt(414000) 4 —
% 200 - 0, Volt.(331200) <
o I |—- 0,Power(496800) - 300 O
o3 [
—~ 150 |- O2 Power(414000) | o
> --- 0, Power(331200) 5:
% I 7T 200
£ {
5 pmm = ]
= P ——
! - 100
1 1 1 L o
1000 1500 2000

Time(s)

Fig. 5.24 Comparison of model voltage and power according to

various thermal mass

1.25 — 0.50
120 [ NI, G e Jous
1.15 | — 0.40

S 110 , Hoss

q) - 7 —_

g 105 4030 =

= | | [}

o ——0O, 0CV(496800) — O, OCV(414000) (o]

2 2

i 100 - - - - 0,0CV(331200) —— O, Vact(496800) 4025 &©

3 i — 0, Vact(414000) 0, Vact(331200) ) g

-5 0.95 - — - 0,Vohm(496800) = - - O, Vohm(414000) -1 0-20 g

c i = = 0, Vohm(331200) -+ 0, Vcon(496800) 7 o

Q 0.90 - —-=- 0, Vcon(414000) =0, Vcon(331200) 4015

O ossf ___—" Jo1o

i —’// 1
0.80 |- —_— - 0.05
——
- ’_// J
o7 L= . .1 0.00
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Current density(A/cm?)
Fig. 5.25 Comparison of model overvoltage according to various

thermal mass

_82_

Collection @ kmou



0.95 |- -
—— 0,(496800)

0.90 |- ]
- = 0,(414000)

085 L -+ -+ 0,(331200) i

Single cell voltage(V)
o
3
T

0.65 - —

0.60 . 1 \ 1 A 1 \ 1 A 1 A 1 A
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Current density(A/cm?)

Fig. 5.26 Comparison of model I-V curve according to various

thermal mass

80 e
[Chy —— 0,(496800) .
L - - 0,(414000) ]
g ol ---- 0,(331200) ]
o
[ =
k] L 1
o
&=
3] 65 |- -
L]
o
8 L |
n
60 |- .
55 " 1 " 1 " 1 " 1 " 1 " 1 "
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Current density(A/cm?)

Fig. 5.27 Comparison of model efficiency according to various

thermal mass

_83_

Collection @ kmou



365 T T T T T T
360 —
355 [
350 I
345 I

340

<
o
=
©
aé 335 ——0,(496800) h
S - - 0,(414000) 1
@) e 02(331200) J
L 325 .
320 [ ]
AN i
316 | .7 E
310 [ 1 1 1 1 I 1 n
0 500 1000 1500 2000

Time(s)

Fig. 5.28 Comparison of running temperature according to various

thermal mass

_84_

Collection @ kmou



52.6 =83} YA Abe] ERAZA T BE IF
283 YA Ato]e] A
sto] EHEAls #e= 5000W/K
WA e} Wz 219 HEE sy
Aedolde &4 zdolth

ZANFE 5 Wdoz 714
o2 AH83t9 ). Table 5.7
AGAF e £20% HS o

mlo n-J

Fig. 5292 283} WyZlujA Ato]lo] AHEAF WMo & &9 At 2 =
g Jgzolt. EAGATe WAl 2" Y Y 9 g e dEFo] §l
= AS AT 5 Utk

Fig. 5.309] 4t4 o] & A] Overvoltage 18], Fig. 5.31¢] © A Z<}t 3z,

Fig. 5.329] "9 & JYZgAE =79 WH3le} BAGo SHATRE 5
[e]

Table 5.7 Simulated conditions according to coefficient of heat transfer
to cooling media

Model Calculation condition and unit Data
Number of cells [-] 320
Maximum hydrogen conversion rate [-] 0.8
Operating temperature of stack [K] 353
Active cell area of one cell [m?] 0.16
PEMFC stack MTyickness of membrane Lem] 0.03
Thermal mass of stack [J/K] 414000

Pressure Cathode Inlet [7.] 253312
Anode Inlet [ 7a] 253312
Stoichiometric | Fuel [-] 1.2
ratio Oxidant [-] 2
. Anode Inlet gas [%] 100
Humidity "= ode miet gas [%] 100
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