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range, leading to bidirectional bending fatigue failure at the blade root. By maintaining the fan diameter
unchanged and increasing the hub thickness by 2 mm, the first-order modal frequency of the fan is raised from
108 Hz to 150 Hz. The improved fan doesn’t break after a 500 h durability test, which indicates that the
improvement measures are effective. In the design of rotating machinery systems, it is crucial to control the
coupling relationship between the modal frequencies of key components and excitation frequencies. Optimizing
structural parameters to adjust modal distribution can mitigate resonance risks while ensuring performance.

Keywords :fan; modal analysis; spectral analysis; resonance characteristic
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Simulation analysis of hydrogen fuel cell heat exchanger structure on
cold start performance
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Abstract: To solve the problem of difficult start of proton exchange membrane fuel cell (PEMFC) in ultra-low
temperature environment, a solution to the difficult cold startup of hydrogen cells is proposed. By generating
high-temperature gas with a hydrogen burner, the coolant is heated by a heat exchanger, and the stack
temperature is improved by a small cycle coolant to reduce the cold startup time and improve the cold startup
performance of fuel cells. The computational fluid dynamics ( CFD) method is used to establish a three-
dimensional model of the shell-and-tube heat exchanger based on AVL_FIRE software, and the heat exchange
performance of the heat exchanger is numerically analyzed. In view of the low heat exchange efficiency and
uneven temperature distribution of the initial model, four optimization schemes are proposed, including shortening
the length of the heat exchanger inlet and and adjusting the distribution of copper tubes, setting baffles to change
the airflow path,increasing the diameter of the fluid inlet pipe,and reducing the length of the heat exchanger to
eliminate the low-efficiency heat exchange area at the tail. The simulation results show that the fourth
optimization scheme increases the temperature of outlet cooling water by 36 K compared with the inlet
temperature , which meets the requirements of the cold start system for the temperature rise of the cooling water
and is the best option.
Keywords : proton exchange membrane fuel cell ( PEMFC ) ; low-temperature cold start; heat exchanger;
numerical simulation
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