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Abstract: This article conducts numerical simulation calculations on the heat dissipation characteristics of
an air-cooled radiator. The results show that under natural heat dissipation conditions, the maximum
temperature of air-cooled radiators with flat heat dissipation covers decreases by 9.6% compared to radiators
without heat dissipation covers, and the maximum temperature of air-cooled radiators with array raised heat
dissipation covers decreases by 9.9%; Under forced air cooling conditions, the maximum temperature of an
air-cooled radiator with a flat heat dissipation cover decreases by 12.7%, while the maximum temperature of
an air-cooled radiator with an array raised heat dissipation cover decreases by 13.3%.

1 Introduction

Air cooled radiators are widely used in various
engineering equipment due to their simple structure and
high reliability. However, compared to methods such as
water cooling and evaporative cooling, the heat transfer
coefficient of air cooling is lower. For air-cooled radiators,
researchers and engineers improve their heat transfer
coefficient and heat transfer performance by improving
their fins and other methods [1-5].

Electric motors are an important engineering
equipment, and their heat dissipation is mainly achieved
through natural cooling or forced air cooling of the motor
casing [6-9].

Some researchers studied the chimney effect by using
numerical simulation method. The chimney effect on
smoke spread behavior was revealed with three-
dimensional numerical simulations [10]. The results show
that the chimney effect significantly influences smoke
movement. Natural convection heat transfer and fluid
flow in a thermal chimney with multiple horizontally-
aligned cylinders was studied by using RANS/URANS
simulations for multiple cylinder columns in one or two
rows [11]. It was found that the horizontal pitch influences
the balance between the chimney effect and the blockage
effect, thus has an optimum with respect to the natural
draft velocity. The effect of discrete rings and the chimney
effect on the enhancement of the natural convection
compound heat transfer in a vertical cylinder was studied
numerically [12]. Two dissimilar enhancement
mechanisms of boundary layer disturbance and flow
acceleration obtained by the use of discrete rings and the
chimney effect, respectively, were independently
analyzed and then combined as one system.
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Some researchers studied the chimney effect by using
experimental method. The influence of ‘chimney-effect’
on fire response of rainscreen fagades in high-rise
buildings was studied by using experimental method [13].
A new experimental setup is developed and demonstrated
for the initial screening of facade assembly at a lab-scale.
A critical width of the chimney is established at which
maximum vertical fire spread was noticed. A new robust
hydrogel composite for efficient photothermal interfacial
evaporation was developed [14]. The chimney effect was
employed to further enhance the water evaporation rate.
The chimney effect-induced airflow in a building
drainage system in the spread of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was studied [15].
Results showed that the stack air pressure and temperature
distributions suggested that stack aerosols can spread to
indoors through pipe leaks which provide direct evidence
for the long-range aerosol transmission of SARS-CoV-2
through drainage pipes via the chimney effect.

The relevant research developments both domestically
and internationally in recent years reveals that the
chimney effect indeed affect the fluid flow in varieties of
industry areas [10-15]. However, the enhancement of heat
transfer for the motor casing by the chimney effect was
not studied by now.

At present, the motor casing is not equipped with a
heat sink and only relies on the flat or curved surface of
the motor casing for heat dissipation, resulting in limited
heat dissipation efficiency. In response to this issue, this
article developed a motor end cover heat sink and
conducted numerical simulation research on the heat
dissipation characteristics of three types of heat sinks with
or without the chimney effect.
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2 Structure of air-cooled radiator

Based on the shape characteristics of the motor end cover,
this article designs a heat sink and its improved version,
which is installed on the motor end cover.

Figure 1 shows the matching diagram between the
radiator and the motor, i.e. the motor end cover.

Motor body

Motor end cover

radiator
(b)
Fig. 1. Schematic diagram of radiator, motor end cover, and
motor.

Figure 2 shows a schematic diagram of the radiator
and its improved structure.

From Figure 2, it can be seen that Type 1 radiator
includes a heat absorbing column, a radiator body, a heat
dissipation column, etc; The Type 2 radiator has added a
flat heat dissipation cover plate; The heat dissipation
cover plate of the Type 3 heat sink has a stamped array
convex structure. A semi enclosed structure is formed
between the heat dissipation cover plate and the radiator
body, which is beneficial for improving the heat
dissipation capacity of the radiator under natural heat
dissipation conditions based on the chimney effect [9].

In addition, under the condition of forced cooling by
traveling wind, adding a heat dissipation cover plate can
gather the traveling wind and allow more air to sweep
over the heat dissipation column; Moreover, according to
the Bernoulli principle, the faster the air flow rate, the
lower the pressure, and the increase in the air flow rate
around the heat dissipation column, the lower the air
pressure around the heat dissipation column, resulting in
more air flowing to the heat dissipation column and
increasing the air flow rate around the heat dissipation
column. This is also beneficial for improving the heat
dissipation capacity of the radiator under forced cooling
conditions.
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(a) Type 1 radiator
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(b)  Type 2 radiator
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(¢)  Type 3 radiator
Fig. 2. Structural diagram of radiator and its improved version

3 Numerical simulation calculation

method

This article adopts the computational fluid dynamics
calculation method to numerically simulate the heat
dissipation characteristics of the motor end cover radiator.
Air flow usage k- € Double equation turbulence model.

The following assumptions and simplifications were
made in the calculation:

(1) Air flow is an incompressible fluid flow;

(2) Not considering changes in air density caused by
temperature changes;

(3) The radiator is a solid of all phases.

Based on this assumption and simplification, establish
the fluid continuity equation and momentum equation in
vector form in Cartesian coordinate system as follows:

%+ div(pu) =0 (1)

20 1 div(pugu) = % —24S; ()

@ +div(puu) = a(uae—’;’;uj) - aa_:j +5 ()
20 + div () = a(“#’:”‘) - % +5, (4)

In equations (1) to (4), p is the fluid density, in kg/m?;
t is the time, in seconds; u is the velocity vector, in m/s; p
is the pressure, in Pa; x; . x; . x; are coordinate
components; S;. Sj. Sk are the generalized source term
components; e 1S the effective viscosity coefficient, in
Pa's (uer=utu; w isthe molecular viscosity coefficient,
in Pa-s; u is the turbulent viscosity, in N-s/m2.

The solid structure follows the energy conservation
equation:

L (62T 92T azr) )
PCo =4G22 dy2 = 9z2
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In equation (5), x, , and z are coordinates; p is the fluid
density in kg/m’; A is the thermal conductivity, in
W/(m-K); c is the specific heat capacity, in J/(kg-K); ¢ is
the time, in seconds; 7 is the temperature, in K.

Energy equation for air:

o _ o [l w)or] par

dx; ox; |\Py or)0x; cp

In equation (6),  is the molecular viscosity coefficient,
in Pa-s; u is the turbulent viscosity, in N-s/m?; o7 is the
surface tension, in N/m; ¢r is the internal heat source, in
W/m3; ¢, is the specific heat capacity at constant pressure,
in J/(kg-K).

The initial condition for calculation is that the
temperature of each component and air is 40 °C.

The calculation boundary conditions are:

(1) Under natural cooling conditions, the internal
heating power of the motor is 10W;

(2) Under forced air cooling conditions, the running
wind speed is 10m/s, and the internal heating power of the
motor is 100W.

When the maximum temperature change of the
radiator is less than 0.001 °C, the calculation stops.

4 Calculation results and analysis

This article conducts simulation calculations on the heat
dissipation characteristics of radiators under natural
cooling conditions and forced air cooling conditions.

Figure 3 shows the distribution of air flow velocity
around the heat dissipation column under natural cooling
conditions.

From Figure 3, it can be seen that the maximum air
flow velocity around the heat dissipation column is
0.095m/s for Type 1 radiator, 0.099m/s for Type 2
radiator, and 0.0992m/s for Type 3 radiator.
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Fig. 3. Distribution of air flow velocity around the heat
dissipation column under natural cooling conditions

Figure 4 shows the temperature distribution of the
radiator under natural cooling conditions.

Temperature (C)
102 103. 105,  106.

(a) Type I radiator

Temperature (C)
89.0 909 928 947 966 985

(b)  Type 2 radiator

Temperature (C)
884 903 923 943 962 982

(c)  Type 3 radiator
Fig. 4. Temperature distribution diagram of radiator under
natural cooling conditions

From Figure 4, it can be seen that the highest
temperatures of the heat sink are 109 °C for Type 1 heat
sink, 98.5 °C for Type 2 heat sink, and 98.2 °C for Type 3
heat sink.
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Figure 5 shows the distribution of air flow velocity and
temperature around the radiator under the condition of
forced air cooling with running wind.
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Fig. 5. Distribution of Air Flow Velocity and Radiator
Temperature Around the Radiator under Forced Air Cooling
Conditions with Traveling Wind

From Figure 5, it can be seen that at the same location,
the air flow velocity around the heat dissipation column is
1.18m/s for Type 1 radiator, 2.78m/s for Type 2 radiator,
and 5.98m/s for Type 3 radiator, respectively.

From Figure 5, it can also be seen that the highest
temperatures of the heat sink are 108.3 °C for Type 1 heat
sink, 94.7 °C for Type 2 heat sink, and 94.1 °C for Type 3
heat sink.

5 Conclusion

This article numerically simulates the heat dissipation
characteristics of an air-cooled radiator and obtains the
following conclusions:

(1) Under natural convection conditions, compared to
a heat sink without a heat sink cover (Type 1 heat sink), a

heat sink with a flat heat sink cover (Type 2 heat sink) has
a 9.6% decrease in maximum temperature, while a heat
sink with an array of raised heat sinks cover (Type 3 heat
sink) has a 9.9% decrease in maximum temperature.

(2) Under the condition of forced air cooling in the
running wind, compared with the heat sink without a heat
dissipation cover plate (Type 1 heat sink), the maximum
temperature of the heat sink with a flat heat dissipation
cover plate (Type 2 heat sink) is reduced by 12.7%, and
the maximum temperature of the heat sink with an array
raised heat dissipation cover plate (Type 3 heat sink) is
reduced by 13.3%.

(3) Under natural cooling conditions, the temperature
of the radiator body and heat dissipation column heats the
air around the heat dissipation column. Under the action
of buoyancy, the air around the heat dissipation column
flows upwards, forming a suction effect on the lower
temperature air below the radiator, forming a chimney
effect and increasing the air flow velocity around the heat
dissipation column.

(4) Under forced air cooling conditions, adding a heat
dissipation cover plate creates a semi enclosed space
between the heat dissipation cover plate and the radiator
body, gathering the air flowing around the heat dissipation
column and increasing the flow velocity of the air around
the cylindrical fins of the radiator. According to
Bernoulli's principle, an increase in air flow velocity leads
to a decrease in air pressure flowing around the heat
dissipation column, which in turn leads to more air
flowing towards the heat dissipation column, This
increases the amount of forced cooling heat dissipation.
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