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Research on the Performance of Cooling Module with Fuel Cell Vehicle
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Abstract: Cooling-module simulation for the fuel cell car has been built according with CFD and KULI software. The
simulation results are compared with the test data to verify the authenticity of the module. Based on 3D and 1D
calculation of the module is done to analyze the effect on the performance of the cooling module for fuel cell car.
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1. INTRODUCTION

Fuel cell operating temperature range is close to the
ambient temperature so the cooling module of the fuel cell
car faces difficutly in transfering heat to the surroundings.
Therefore, it has a great influence on the performance of fuel
cell car [1-3]. There are some aspects of cooling system
design. The first is the lower operating temperature as
compared to the standard operating temperature. The other is
higher energy in the fuel cell cooling system than that in the
conventional car. From the above, it is needed that when
designing a cooling model its performance should accurately
match the fuel cell car. The technology roadmap is shown in

Fig. (1).
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Fig. (1). The technology roadmap.
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As we know, 3D results can reflect the actual flow field
inside the cabin, but 1D result can not depict the complex
flow field inside the cabin. In order to get correct and
accurate calculation results, we have to find the CFD
calculation and the 1D calculation of the velocity matrix. In
this way we can accurately calculate the flow and heat transfer

model of the fuel cell car, thus obtaining a result beneficial
to design the cooling model of the fuel cell car [4-6].

2. SIMULATION

By the CFD instead of the wind tunnel test, we get air
characteristic parameters, which will help in the synergy
simulation [7-9] as shown in Fig. (2). The 3D simulation
Parameter is shown in Table 1.

Table 1. The 3D simulation parameter.
CFD Input Date
Air 1.18145kg/m3
Air 1.85508x10° Pa + s
Velocity inlet 30-140 km/h
Pressure Outlet 0.0 Pa
Wall Slip
Fan rate 3300 rpm
Grid Trimmed/layer mesh
Model SST K-Omega
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Fig. (2). The cabin CFD result.
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Both the 3D numerical model for cabin thermal
management and 1D model for the cooling model are built.
Then the velocity matrix can make that the convection heat
transfer coefficient and heat transfer obtained from 3D
simulation on the flow field and heat transfer characteristics
to the radiator.

Where PTU is the radiator of the Electronic controller
and FEC is the radiator of the fuel cell.

Table 2. Cooling module input date.
Cooling Module Input Date
1 Coolant: Water / glycol
2 The pump curve
3 Fan characteristic curve
4 Condenser heat transfer curve
5 Cooling system pressure
6 Radiator heat transfer curve
7 Radiator air resistance curve
8 Condenser resistance curve
9 The FEV heat map
10 The PTU heat map

11aker drod|

1.RAD [0

Chang et al.

The 1D simulation parameter of cooling module is used
is shown in Table 2. It is applied in the test carried out for
the vehicle in working condition as shown in Fig. (3). The
1D simulation cooling module input dates are shown in
Table 2.

The 1D model of cooling module for air flow model is
shown in Fig. (4). It is steady simulation that the temperature
is at 30°C with the cooling fan running at 3000 rpm. The
cabin air path model input date for the velocity matrix are
shown in Fig. (5). The CFD calculation and the 1D
calculation are taken into account for the velocity matrix to
accurately calculate the flow and heat transfer model of the
fuel cell car.

3. VERIFICATION

The simulation results are compared with the test data, as
shown in Figs. (6-8); error of 5%, is caused by the very
complex flow field in the cabin. There is heat reflux in the
part of the cooling module, making the simulation difficult
to. The model for cooling system can predict and analyze the
performance of the cooling system.

4. ANALYSIS

In this paper, the performance of the cooling system is
analyzed by a speed of 30km/h of the working vehicle.
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Fig. (3). Cooling module heat transfer model.
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According to Bernoulli's equation of fluid mechanics, when
air flows through the grill, cross-section of the grill becomes
smaller. With the high-pressure zone near the cabin outside
the outside pressure of the cabin becomes higher than the
pressure inside. This makes the airflow smoothly into the
cabin. Air flows into the cabin through the FCE and PTU
radiator, decreasing the velocity of the air due to the air flow
through core resistance. But the minimum velocity of air is
not at the FCE radiator, because the fan is behind the FCE
radiator, therefore the air velocity at the FCE radiator is
increased. The air velocity is 1.47m/s at the PTU radiator as
shown in Fig. (7).

Fig. (4). The velocity matrix.
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Fig. (5). Air path model of cabin for cooling module.
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Fig. (6). The coolant of FCE temperature.
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Because of the diffusion in the cabin and heat reflux, air
flows through the FCE with the temperature of radiator
being 46.32°C and the temperature of coolant being about
85°C. The performance of the cooling module is shown in
Fig. (10).
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Fig. (7). The coolant of PTU temperature.

Fig. (8). The fuel cell car test.
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Fig. (9). The air path velocity in different zone.
CONCLUSION

Simulation cooling module for working of vehicle has
been built according to the actual test process of thermal
balance test, and the simulation results were compared with
the test data to verify the authenticity of the module. This
simulation model provides an effective platform for vehicle
thermal management analysis. Both 3D numerical model for
cabin thermal management and 1D model for the cooling
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model are built. Then the velocity matrix can make that the
convection heat transfer coefficient and heat transfer
obtained from 3D simulation on the flow field and heat
transfer characteristics to the radiator. At last, it can be used
in 1D simulation on the cooling system to calculate the
temperatures of various components in fuel cell car which
will in turn be taken as the boundary conditions of 3D
simulation to update the thermal flow characteristics of
cooling model for fuel cell car. Such a 3D-1D coupling
simulation provides an effective simulation technique for
thermal management of fuel cell car.
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Fig. (10). The air path temperature in different zone.
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