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Cooling Fan Model for Thermal Design of Compact Electronic Equipment
Consideration of Swirling Flow at the Exit of an Axial Flow Fan
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In order to hasten the thermal design for forced convection electronic devices, cooling fans should be modeled to reduce a
computational load. A fan-curve-model, which generates volumetric flow rate according to the PQ curve, is very simple and
usually incorporated into commercial CFD codes. However, the conventional model does not specify the flow field at the exit of a
fan since the PQ curve has no information on the flow swirling. Thus, in this work, the swirling force acting on the flow was
considered into the model by introducing a non-dimensional “swirl coefficient”, which can be treated as a constant regardless of
Reynolds number. This coefficient was estimated from a detailed CFD simulation around a rotating impeller. As a result, the
fan-curve-model with the swirling force reasonably reproduced the flow field behind the fan. In particular, the flow field agreed
well to that of the experimental data by considering the flow disturbance due to supports, which connects the boss to the frame, in

addition to considering the swirling force.
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Fig.1 Axial flow fan.
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Fig.2 CFD simulation considering the fan configuration composed of a frame and a rotating impeller.
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Fig.4 Velocity distribution behind the fan.

(b) swirl flow velocity u,
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Fig.8 CFD simulation using fan-curve-model.
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Fig.11 Contour of axial flow velocity u, (x-y plane, z = 0).
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