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Abstract

Motor coolers are operated with the coupling of temperature

and pressure fields, in which the change rule is affected by mul-

tiple factors. In this study, the thermal resistance of the motor

cooler was examined using the velocity coefficient method to

reveal the influence of heat transfer and wind resistance. The

temperature and pressure fields were analyzed using the finite

element method based on the hydrodynamics and momentum

theorem. By varying the heat transfer and wind resistance co-

efficients to reflect temperature and pressure characteristics,

wind and water velocities were determined. Results demon-

strate that the total convective heat transfer and wind resis-

tance coefficients of the cooler model are sensitive to variations

in face-to-face wind velocity, but not to those of the cooling

water flow rate. When wind velocity increases from 0.8 to 5.19

m/s, the total convective heat transfer increases by 1.85 times

and wind resistance increases by 18.74 times. Variations in

cooling water velocity has little effect on the Nusselt number

on the air side and the Euler number of the single row tube,

which are multiplied with the increase of the Reynolds number.

When the Reynolds number increases from 1020 to 6345, the

Nusselt number increases by 2.05 times and the Euler number

decreases by 2.29 times. The results provide references for the

design and performance testing of high-power motor coolers.

Keywords: cooler, thermal resistance characteristics,
finite element analysis, heat transfer coefficient, drag
coefficient, velocity coefficient

1 Introduction

The motor cooler is a heat exchange device that cools
fluids, commonly using water, air, or oil as a coolant to
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remove heat. The cooler is an indispensable device for
large electrical equipment such as high-power silicon
rectifiers, induction furnaces, generators and motors.
The thermal medium of the tubular cooler starts from
the nozzle inlet on the cylinder and flows to the noz-
zle outlet in sequence through baffle channels. The
thermal medium adopts a double tube flow: from the
water inlet through the water distribution cover, the
flow enters half of the cooler pipe and then moves into
the other half from a return cover to the other side and
water outlet pipe. The double pipe pass flow of cold
medium discharges the residual heat of the absorb-
ing hot medium from the outlet to maintain the rated
working temperature. This two-way (even four-way)
flow mode intensifies the cooling effect and is thus
widely used in shipbuilding, large turbo-generators,
ground heating, metallurgy, and other industries [1];
[2]; [3]; [4].

However, the increasing generator power and capac-
ity requires increasing capacity from the design tech-
nology of motor coolers. The design is a complex
coupling of temperature, velocity, and pressure fields.
The fin structure, type of cooling medium and cooler
velocity affects the system performance, especially the
running velocity of the cooling medium.

On this basis, previous studies have examined the fac-
tors affecting the heat transfer and resistance coeffi-
cients of cooler design [5]; [6]; [7]; [8], including the
thermal characteristics of a turbine oil cooler [5], heat
exchange and stability of an aeroengine microchan-
nel cooler [6], and thermal characteristics of an indi-
rect evaporative cooler etc. In recent years, theoret-
ical, experimental and computational fluid dynamics
(CFD) methods have been used to design flat fin heat
exchangers [7]. However, the influence of wind and
water velocities on the heat transfer and resistance
are rarely explored, which restricts the application of
coolers in large motors. Therefore, it is exceedingly
important to accurately predict the thermal resistance
characteristics and define their change rule in actual
operation.

In this study, a model of the motor cooler was con-
structed using the finite element method to analyze
the temperature and pressure fields under varying
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wind and water velocities. Experiments are carried out
to clarify the change rule in terms of the heat trans-
fer and resistance coefficients and the meshing rela-
tionship between the side Nusselt number reflecting
the thermal resistance characteristics and the Euler
number with the Reynolds number. Thus, the model
improves prediction accuracy for thermal resistance
performance, which can provide a reference for the
development and optimization of large capacity mo-
tor coolers.

2 State of the art

Extant studies on mechanical and electrical system
coolers focus on the cooling medium, cooling pipe
form and other parts. Meng et al. [9] adopted nu-
merical simulation to determine the influence of the
number of cooling pipes on the flow and tempera-
ture of the air-cooled cooler of an asynchronous mo-
tor. Considering reed winding bearing of the fault
prone vertical motor, Shu et al. [10] studied the ther-
mal resistance of the cooler with varying numbers of
arc plates and cooling pipes. The thermal coupling
between the SLC in the array had an adverse effect
on cooler performance. Sahu et al. [11] studied the
effects of coupling characteristics between the super-
lattice coolers, geometric parameters (such as sepa-
ration of the superlattice structure and the ground-
ing electrode), convective heat transfer coefficient,
and activation current on SLC using an electrother-
mal model. The study placed considerable importance
on the optimal design of a thermal management hy-
brid microfluidic SLC cooling scheme with multiple
cluster hotspots in microprocessors. With the minia-
turization of devices and increasing power of packag-
ing, high performance thermal management solutions
for MOSFET and other power electronic devices have
constantly been in demand. Walsh et al. [12] de-
veloped a micro injector and embedded this into the
substrate of heating equipment, eliminating several
layers of thermal resistance that were common in ad-
vanced packaging and thereby improving the dissi-
pation efficiency without studying the heat transfer
mechanism. Given that equipment was undergoing
continuous miniaturization, low-cost embedded mi-
cro jet cooling technology played an important role
in the design of advanced high-power density elec-
tronic products. Ouyang et al. [13] experimented
on the heat transfer characteristics of oil-cooled cool-
ers in steam turbine generators, and obtained the re-
lationship between the heat transfer coefficient and
variations of oil temperature and velocity. However,
the change rule of the resistance coefficient was ig-
nored. In attempting a systematic cooler design, Liu
et al. [14] examined the water supply form, material,

and structure of the electric oil cooler. The study
provided a heat loss analysis and calculation for mo-
tor thrust bearing, and proposed the design method
and theoretical calculation basis for the cooler design.
Santosa et al. [15] studied the overall heat transfer
coefficient of two CO2 gas coolers using experiments
and computational fluid dynamics (CFD), which pro-
vided accurate prediction of the overall heat transfer
coefficient. Results demonstrated that optimizing the
circuit design improved the gas cooler performance
by up to 20%. Carbon dioxide (CO2) was the main
refrigerant of the gas cooler in the vapor compres-
sion refrigeration system. To determine the local heat
transfer rate change in the coil, Santosa et al. [16]
used the CFD model to study the local refrigerant
and air heat transfer coefficient in the coil of a gen-
eral finned tube gas cooler. However, the change rule
and influencing factors of wind resistance were largely
ignored. To adapt to the challenges in the design of a
transcritical CO2 refrigeration system in a typical en-
vironment, Gupta et al. [17] established a mathemat-
ical model of an air-cooled finned tube gas cooler in
a complex environment, and carried out experimental
verification and engineering application. However, the
proposed model was difficult to apply in idle, narrow,
and closed motor systems. Based on CFD, an anal-
ysis model of an automobile cooler unit was created.
Zheng et al. [18] simulated and analyzed the velocity
field, temperature, and pressure fields of the cooler,
and focused on the influence on cooling performance
of: fin thickness, fin spacing, fin gap, fin width, fin
length, and other parameters. However, no analysis
was made on the influence of medium velocity on sys-
tem performance. Mu et al. [19] used the gas thermal
coupling method to analyze the thermal strain char-
acteristics of high-pressure turbine guide vanes with
two cooling structures, and put forward a structural
optimization design scheme. The thermal deforma-
tion caused by the structural change was examined,
but the capability transformation in the heat trans-
fer was neglected. To effectively improve the large
flow resistance of the tank and tube cooler, Yuan et
al. [20] used numerical simulation and experimenta-
tion to analyze the influence of the cooler structure
on the flow and heat transfer and proposed a new im-
provement scheme. However, the flow medium was
not studied. Arslan et al. [21] studied the influence
and design of air and water cooling on photovoltaic
collectors. Saglam et al. [22] studied the thermal re-
sistance characteristics of olive oil extraction through
experiments. Hoseini et al. [23]; [24]; [25] carried
out numerical simulation and experimental studies on
the heat transfer characteristics of different types of
coolers. Increasing the gas flow rate resulted in al-
most constant heat transfer efficiency of the chimney
cooler, which was significantly higher than that of the
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shell tube cooler and Nusselt number. However, the
law of cooler pressure change lacked similar examina-
tion.

The above analyses mainly examined the heat trans-
fer characteristics of the cooler based on structure
size and single medium type, but the thermal resis-
tance characteristics of the cooler were largely ig-
nored. Thus, the present study adopts CFD to estab-
lish the temperature calculation model of the cooler,
analyze the temperature, velocity and pressure fields,
and build the cooling test system. Through the ex-
perimental data analysis, the change rule of the heat
exchange and wind resistance coefficients of the cooler
is obtained and used as basis for the engineering de-
sign of large-scale motor coolers.

The remainder of this study is organized as follows.
Section 3 describes the cooler structure and builds its
temperature calculation model and the experimental
system. Section 4 uses the experimental data to ana-
lyze the cooler temperature and pressure through the
finite element method of CFD and the heat transfer
characteristics. Numerical simulation and experimen-
tal study show that the variation laws of the heat
transfer and wind resistance coefficients can be ob-
tained using the wind and water velocities. In addi-
tion, the variation laws of the Nusselt number on the
air side and the Euler number on the single row tube
is determined with the Reynolds number and wind ve-
locity. Section 5 summarizes the conclusions.

3 Methodology

3.1 Cooler model

3.1.1 Physical model

The air face of the cooler is 638.4mm high and 500mm
wide, and the length along the air flow is 110mm, as
shown in Figure 1. Along the air flow direction, three
rows of cooling pipes (19, 18, 19) are staggered and
horizontally arranged. Each cooling pipe has an ef-
fective heat exchange length of 500mm, specification
of 13.6×mm, and material made of BFe30-1-1. The
fins are arranged vertically and connected with the
cooling pipe by the expanding process. The fins are
made of copper T2 with a thickness of 0.17mm. The
cooling water in the pipe undergoes a U-shaped pro-
cess, that is, water flows in the lower half of the pipe
and flows out of the upper half of the pipe. Figure
2 shows the structure of the cooler fins.

Figure 1: Outline drawing of cooler fins

Figure 2: Structure of cooler fins

3.1.2 Establishment of calculation model

The cooler is divided into three dimensions by Solid-
work, as shown in Figure 3. External air flows from the
air inlet to the air outlet and forms the air-cooling cir-
culation system. The water medium enters the upper
water tank through the cooling pipe from the water
inlet, and then flows out from the lower water tank
through the water outlet to form the water-cooling
circulation system. These two systems are separated
by the water tank partition plate.

Figure 3: Cooler calculation model

To ensure the accuracy of the CFD calculation grid,
the division is carried out using polyhedron grid tech-
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nology and the total number of calculation grid is
5.5 million, as follows: air part grid is 4.109 million,
water part grid is 813000, pipe part grid is 365000,
and the water tank part grid is 213000. The polyhe-
dron grid technology meets the calculation accuracy
requirements. Figure 4 shows the structure of the
cooler grid.

Figure 4: Cooler grid structure

3.1.3 Calculation method and boundary condi-
tions

The Reynolds time average method is used to calcu-
late the turbulent flow in the motor cooler, and the
standard turbulence model k − ε is selected to close
the control equation. In the model, the parameters
are set by default, the solver is separated, the fluid
inside the pipe is saturated water, and the fluid out-
side the pipe is dry air. The velocities at the inlet of
the tube and shell sides are assumed to have uniform
distribution without gravitational influence. The tem-
perature inlet boundary condition is adopted for the
air and water inlet, and pressure (atmospheric) outlet
boundary condition is adopted for the outlet.

3.2 Experimental system

The experiment for the heat transfer and resistance
characteristics on the fin side of the motor cooler is
carried out in the high temperature circulating hot air
tunnel. The test can be divided into the air and water
circulation systems, as shown in Figure 5.

3.2.1 Air circulation system

In the high temperature circulating wind tunnel, air
from the induced draft fan flows along the air duct to
the heating section. The air is heated by the electric
heater and reaches the test section along the air duct,
and then the test model is scoured laterally. After the
heat exchange between hot air and cooling water in
the tube bundle, the hot air enters the nozzle flow

Figure 5: Test system for heat exchange and resis-
tance characteristics of motor cooler( t

′

w - Inlet water
temperature, t

′′

w - Outlet water r temperature, Vw -
Water flow rate,t

′

a- Inlet air temperature, t
′′

a - Outlet
air temperature, Va - Air flow rate, pa - Model air
resistance )

box and finally returns to the fan to complete the
circulation.

The air circulation system comprises an induced draft
fan, velocity regulating motor, air electric heating sec-
tion, rectifying section, steady flow section, test sec-
tion (model), and air flow measurement section (noz-
zle flow box). The air duct is covered with a glass
fiber insulation layer.

(1) Fan and motor: The system uses a Y9-35-1 (No.8)
centrifugal fan and a JZS2-8-2 three-phase alternating
current commutator motor. Table 1 shows the main
parameters of the fan and motor. During the test, air
volume can be adjusted using the motor velocity to
meet the requirements of different test conditions.

(2) Electric heater: Air is heated in the test using an
electric heater with total power of 135kW. To facili-
tate regulation and control, the power is divided into
four groups: 54kW, 27kW, 13.5kW and 0-13.5kW.
The power of the last group is adjustable and all four
groups cooperate to provide stepless regulation in the
power range.

(3) Rectifying device: The test requires a stable and
uniform air flow into the model. A deflector is in-
stalled in the curve before the test section to reduce
deflection and direct the air flow, and a rectifying net
is installed behind the curve section to cut the large
vortex and weaken the energy of the generated small
vortex to reduce air flow turbulence. In addition, a
channel with the same cross section as that of the
test section is placed in front, where a current stabi-
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Table 1: Main parameters of fan and motor of test system

Fan parameters Motor parameters

Velocity Total pressure Maximum air volume Medium temperature Velocity Power

(rpm) (mmH2O) (m3/h) (◦C) (rpm) (kW)

1450 220 24160 <200 160-1600 4-40

lizer composed of a rectangular grid is arranged.

(4) Test section: The tube bundle (model) with a
length of 150kW is placed in the test section.

(5) Nozzle flow box: The nozzle flow box is employed
to measure the air flow, and four nozzles with dif-
ferent diameters are installed inside. A reasonable
nozzle combination can be selected for measurement,
adapted to the air volume under different test condi-
tions to improve measurement accuracy.

3.2.2 Water circulation system

The water circulation system includes a stabilized
pressure water tank, water heater, water pump, regu-
lating valve, electromagnetic flow meter and test tube
bundle. The stabilized pressure water tank is equipped
with an electric heater with total power of 48kW. The
electric heater is divided into three groups of 24kW,
12kW and 0-12kW, which can provide stepless regula-
tion of water temperature. The feed water enters the
test tube bundle to cool the hot air and then partially
flows out into the sewer.

3.2.3 Test data acquisition system

The test data acquisition system comprises hardware
and software. The hardware system of data acqui-
sition mainly includes a computer, two ADAM-4118
modules, and one ADAM-4520 module. The millivolt
level potential signal output by the thermocouple is
collected through the voltage port of the ADAM-4118
module and is converted into digital signal input com-
puter through the ADAM-4520 module. The 4-20mA
standard current signal output of the electromagnetic
flowmeter, differential pressure transmitter, and pres-
sure transmitter is collected through the current port
of the ADAM-4118 module and is converted into dig-
ital signal input computer through the ADAM-4520
module. To provide real-time detection and on-line
collection of the main test parameters, the data ac-
quisition software system stores the test data in real
time and displays them dynamically.

3.3 Data processing

3.3.1 Heat transfer coefficient

The air heat release Qa is calculated as follow:

Qa = Cpama(t
′′

a − t
′

a)

where ma is the mass air flow, kg/s. t
′

a is the inlet
air temperature of the test piece, . t

′′

a is the outlet air
temperature of the test piece, and . Cpais the average
specific heat of air at constant pressure.

The water absorption heat Qw is calculated as follows:

Qw = Cpwmw(t
′′

w − t
′

w)

where mw is the water mass flow, kg/s. t
′

w is the inlet
air temperature of the test piece, . t

′

w is the outlet air
temperature of the test piece, and . Cpw is the specific
heat of horizontal uniform pressure, and kJ/(kg ·◦C).

During the test, when the relative error of air side heat
release Qa and water side heat absorption Qw is less
than ±3%, then the working condition is considered
to reach stability. Thus, the total heat exchange Q
assumes the value of the air heat release Qa, that is,
Q = Qa.

According to the principle of heat transfer, the heat
transfer coefficient K based on the entire wing side
heat transfer is

K =
Qa

Ao · Otm

where K is the heat transfer coefficient based on to-
tal area of wing side heat transfer, W/(m ·◦ C)). Ao

is the total heat transfer area on the fin side of the
tube bundle, that is,Ao = Af + At. Af is the fin
surface area, Atis the smooth part outside the finned
tube, and m2. Otmis the logarithmic average tempe-
rature and pressure, ◦C. The following expression can
be calculated using the counter current arrangement,

Otm =
(t
′

a−t
′′

w)− (t
′′

a−t
′

w)

ln
t′a−t′′w
t
′′
a−t
′
w
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3.3.2 Determining the side convection heat
transfer coefficient

Analysis of heat transfer of the finned tube shows that:

1

K
=

Ao

ao(At + ηfAf )
+
δt
λt
· Ao

Am
+

1

αi
· Ao

Ai

Therefore, the coefficient of convective heat transfer
on the wing side is:

ao=

(
1

K
− δt
λt
· Ao

Am
− 1

αi
· Ao

Ai

)−1

· Ao

(At + ηfAf )

where δt is the wall thickness of the base tube, m. λt is
the thermal conductivity of the base tube, W/(m·◦C).
Am is the heat exchange area calculated by the ave-
rage diameter of the base tube, m2. Ai is the heat ex-
change area of the inner wall of the base tube, m2.ηf
is the fin efficiency of the fin tube, assuming ηf = 1.0,
and ai is the convection heat exchange coefficient in
the tube, W/(m ·◦ C). In addition,

Am =
2πLδt

ln (do/di)

where L is the total length of the heat exchange tube,
and m.do is the outer diameter of the base tube, and
m. diis the inner diameter of the base tube, m.

The convective heat transfer coefficient αi in the tube
is calculated according to Dittus-Boelter formula, that
is:

αi =
λw
di
· 0.023Re0.8w Prnw

Rew =
uw · di
υw

where λw is the thermal conductivity of water in the
tube under qualitative temperature, W/(m·◦C).P rw.
is the Prandtl number of water in the tube under qua-
litative temperature,Rew is the Reynolds number of
water in the tube, υw is the kinematic viscosity of wa-
ter in the tube at qualitative temperature, and m2/s.
uw is the water velocity in the tube, m/s. The quali-
tative temperature is the average temperature at the
inlet and outlet of the cooling water in the cooling
pipe, which has the characteristic size di inner diame-
ter. Air is used to heat the cooling water for this test,
and thus n is taken as 0.4.

3.3.3 Determining each criterion number of the
wing side

This experiment adopts dimensionless criterion num-
bers to characterize the heat transfer and resistance
characteristics of the fin bundle wing side. With the
change of Rea, Nuacharacterizes the heat transfer of
the tube bundle Eua, which in turn characterizes the
resistance.

The Nusselt number Nua and Reynolds number Rea
of the wing side are respectively:

Nua =
ao · d0
λa

Rea =
ua · d0
υa

where λa is the thermal conductivity of air outside
the pipe, W/(m ·◦ C). ua is the air flow rate between
pipes, and m/s. υ is the kinematic viscosity of air
outside the pipe, m2/s. The characteristic dimension
d0 is the outer diameter of the cooling pipe, and the
qualitative temperature is the average air temperature
at the inlet and outlet.

The Euler number Eua of single row tubes on the wing
side is:

Eua =
OPa

Nρau2a

where ρa is the average density of air outside the pipe
and kg/m3. N is the number of rows along the air
flow.

Thus, the relationship between the heat transfer Nua

and resistance characteristics Eua of the fin side of the
cooler model with the air side Rea can be obtained.

4 Result Analysis and Discussion

4.1 Simulation analysis

To reflect the change rule of the cooler, the finite ele-
ment simulation compares and analyzes the influence
of wind and water velocities on the temperature and
pressure field distributions of the cooler from three
working conditions. In case I, water velocity is 0.8m/s
and wind velocity is 0.81m/s. In case II, water velocity
is 1.0m/s and wind velocity is 0.82m/s. In case III, wa-
ter velocity is 1.0m/s and wind velocity is 1.63m/s.
The cloud charts of temperature and pressure fields
corresponding to the three conditions are shown in
Figures 6 and 7, respectively.
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Figure 6: Water velocity 0.8m/s and wind velocity
0.81m/s

Figure 7: Water velocity 1.0m/s and wind velocity
0.82m/s

Figure 8: Water velocity 1.0m/s and wind velocity
1.63m/s

The following conclusions can be drawn from Fig-
ures 6,7,8: (1) When the water velocity increases from
0.8m/s as shown in Figure 6 to 1.0m/s as shown in
Figure 7 under certain wind velocity, the tempera-
ture field distribution of the cooler remains almost
the same. In Figure 6 , the inflow and outflow gas
temperatures are 71.96 and 41.93, respectively, with
a temperature difference of 33.03. In Figure 7, the
inflow and outflow gas temperatures are 74.8 and
41.956, respectively, with a temperature difference of
only 0.21, which is lower than when the water velocity
is 1.0m/s. (2) When the water velocity is stable, the
wind velocity doubles from 0.8m/s as shown in Figure
7 to 1.63m/s as shown in Figure 8. The gas dis-
charge temperature of the cooler clearly rises, reach-
ing 46.64. The temperature difference is only 27.43,
and thus wind velocity has considerable influence on
the temperature change of the cooler.

Figures 9,10,11 show the pressure field distribution of
the cooler under three working conditions. The fol-
lowing conclusions can be drawn: (1) The pressure
of the cooler decreases from the inlet to the outlet,
but is redistributed when the tension increases sharply
near the through-hole of the inlet side fin; (2) Fig-

Figure 9: Water velocity 0.8m/s and wind velocity
0.81m/s

Figure 10: Water velocity 1.0m/s and wind velocity
0.82m/s

Figure 11: Water velocity 1.0m/s and wind velocity
1.63m/s(Pressure field distribution cloud chart)

ures 9 and 10 show that under certain wind velocity,
the pressure field distribution of the cooler changes
slightly when the water velocity increases from 0.8m/s
to 1.0m/s. In Figure 9, the difference of gas pres-
sure increases from 3.3Pa to 3.5Pa; (3) Under certain
water velocity, wind velocity doubles from 0.8m/s as
shown in Figure 10 to 1.63m/s as shown in Figure 11.
The pressure difference of the cooler increases by 2.86
times from 3.5Pa to 10Pa. Thus, wind velocity has a
considerable influence on the pressure distribution of
the cooler.

4.2 Experimental analysis

The test conditions are as follows: inlet wind temper-
ature is 75, head-on wind velocity is 0.8-5.2m/s, inlet
water temperature is 40, cooling water flow rates for
the three conditions are 0.8m/s, 1.0m/s, and 1.5m/s,
respectively, and piece distance is 2.5mm.
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4.3 Relationship of total convective
heat transfer coefficient of cooler
model with the cooling water flow
rate and face wind velocity

Figure 12 shows the relationship of the total con-
vective heat transfer coefficient of the three-fin tube
cooler model with cooling water flow rate and face
velocity. The following conclusions can be drawn:
(1) At water velocity of 1.0m/s, the total convec-
tive heat transfer coefficient gradually increases with
the increase of air flow rate, but the increase rate
gradually declines. At wind velocity of 0.8m/s, the
total convective heat transfer coefficient is approxi-
mately 35.33W/(m2 ·K). As wind velocity increases
to 5.19m/s, the total convective heat transfer coeffi-
cient increases to 65.38 W/(m2 · K) ; (2) For the
same cooler, increasing the water flow rate improves
the heat transfer film coefficient on the water side, and
thereby, the overall heat transfer coefficient. Heat re-
sistance mainly concentrates on the air side and the
wall, and thus the change of water flow rate has lit-
tle effect on the overall heat transfer coefficient of
the heat exchanger. At wind velocity 0.8m/s, the to-
tal heat transfer coefficient of water velocity 0.8m/s
is only 3.9 W/(m2 · K) higher than that at water
velocity 1.5m/s.

Figure 12: Relationship of heat transfer coefficient
with the cooling water flow rate and face wind velocity

4.4 Relationship of wind resistance of
the cooler model with the cooling
water flow rate and face wind ve-
locity

Figure 13 shows the relationship of wind resistance
with the head-on wind velocity of the model and cool-
ing water flow rate. The following conclusions can

be drawn: (1) At water velocity 1.0m/s, the wind
resistance coefficient increases gradually with the in-
crease of air velocity, and its increase rate gradually
rises. At wind velocity 0.82m/s, the wind resistance
coefficient is approximately 6.15Cd. At wind velocity
5.19m/s, the total convective heat transfer coefficient
increases nearly 20 times to 115.26; (2) For the same
cooler, the water flow velocity has a very small ef-
fect on wind resistance. At wind velocity 2.65m/s,
the total heat transfer coefficient of water velocity
0.8m/s is only 0.39Cd higher than that at water ve-
locity 1.5m/s. Thus, the heat transfer coefficient is
basically unchanged.

Figure 13: Relationship of wind resistance with the
cooling water flow rate and face wind velocity

4.5 Relationship of Nusselt number on
the air side of cooler model with the
Reynolds number and cooling wa-
ter flow rate at the minimum flow
section

Figure 14 shows the relationship of the Nusselt num-
ber on the air side of the model with the Reynolds
number and cooling water flow rate at the minimum
flow section. The following conclusions can be drawn:
(1) At a certain water velocity 1.0m/s, the Nusselt
number on the air side gradually increases with the
increase of Reynolds number, but its rate of increase
gradually slows. When the Reynolds number is 1020,
the Nusselt number of the air side is approximately
19.03. When the Reynolds number is 6345, the Nus-
selt number of the air side increases by nearly 2 times
to 39; (2) For the same cooler, the effect of water
flow velocity on the Nusselt number of air side is very
small. When the Reynolds number is 3870, the Nus-
selt number of the air side at water velocity 0.8m/s is
basically unchanged at water velocity 1.5m/s.
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Table 2: Correlation between the air side heat exchange and resistance criteria of the cooler model

Fin spacing Air side heat transfer correlation Air side resistance correlation Scope of application

2.5mm Nua = 1.2905Re0.4031a Pr1/3 Eua = 20.8853Re−0.4422
a 1000< Rea < 6450

Figure 14: Relationship of Nusselt number on air side
with the Reynolds number and cooling water flow rate
at the minimum flow section

4.6 Relationship of Euler number of
single row tube of the cooler model
with Reynolds number of minimum
flow section and cooling water flow
rate

Figure 15 shows the relationship of the Euler num-
ber of the single row tube in the cooler model with
the Reynolds number and cooling water flow rate at
the minimum flow section of the model. The follow-
ing conclusions can be drawn: (1) At water velocity
1.0m/s, the Euler number of the single row tube grad-
ually decreases with the increase of Reynolds num-
ber, and the decrease amplitude gradually accelerates.
When the Reynolds number is 1020, the Euler number
of the single row tube is approximately 1.013. When
the Reynolds number is 6345, the Euler number of the
single row tube decreases by nearly 2.5 times to 0.443;
(2) For the same cooler, the influence of water flow
velocity on the Euler number of the single row tube is
very small. When the Reynolds number is 3870, the
Euler number of the single row tube at water veloc-
ity 0.8m/s is 0.013 higher than that at water velocity
1.5m/s.

Figure 15: Relationship of the Euler number of the
single row tube with the Reynolds number of the min-
imum flow section and the cooling water flow rate

4.7 Correlation between the air side
heat exchange and resistance cri-
teria of the cooler model

The correlation between the air side heat transfer and
resistance criteria of the cooler model can be obtained.
Table 2 shows that this correlation adopts the qualita-
tive temperature, which is the average temperature of
the inlet and outlet air, and the qualitative dimension,
which is the outer diameter of the cooling pipe.

4.8 Comparison of simulation results

To verify the consistency of results, Table 3 compares
the data under three conditions corresponding to the
simulation and experiment.

The results show that the three working conditions
obtain very close temperatures at the inlet and outlet
of the air circulation and water circulation channels,
and the temperature difference errors at the inlet and
outlet are very small. The maximum error of the air
loop is 2.07% while that of the water loop is 2.5%,
which confirms the validity of the simulation and ex-
periment results.
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Table 3: Comparison of simulation and experiment(◦C)

Inlet air Outlet air Air Error Inlet Outlet water Water Error

Condition Data item temperature Temperature

temperature temperature difference (%) temperature temperature difference (%)

Water velocity Simulation 74.96 41.93 33.03 2.07 39.72 40.06 0.88 1.12

0.8m/s Value

Wind velocity Test 74.96 42.60 32.36 39.72 40.61 0.89

0.81m/s Value

Water velocity Simulation 74.8 41.56 33.24 1.59 39.47 40.18 0.71 1.39

1.0m/s Value

Wind velocity Test 74.8 42.08 32.72 39.47 40.19 0.72

0.82m/s Value

Water velocity Simulation 74.07 46.64 27.43 0.29 39.58 40.75 1.17 2.50

1.0m/s Value

Wind velocity Test 74.07 46.56 27.51 39.58 40.78 1.2

1.63m/s Value

5 Conclusion

This study used a physical model and combined nu-
merical simulation with experimental study to explore
the thermal resistance characteristics of motor cool-
ers and reveal the relationship of the heat transfer and
wind resistance coefficients with the cooling medium
flow rate (wind and water velocities). Thus, the in-
fluencing factors of heat transfer coefficient, wind re-
sistance coefficient, Nusselt number of air side, and
Euler number of single row tube of the cooler were
analyzed. Finally, the following conclusions could be
drawn:

(1) The total convective heat transfer and wind resis-
tance coefficients of the cooler model are sensitive to
variations in face wind velocity, but are largely unaf-
fected by variations in cooling water flow rate.

(2) The Nusselt number on the air side and the Euler
number of the single row tube of the cooler are mul-
tiplied with the increase of the Reynolds number, but
are largely unaffected by the change of cooling water
velocity.

(3) When the Reynolds number is 1000<Rea<6450,
the Nusselt number on the air side and the Euler num-
ber of the single row tube can be used to quantita-
tively express the change relationship of the corre-
sponding parameters.

In this study, the change rule of the thermal resistance
characteristics of the cooler under the compound cool-
ing mode is determined to provide a reference for the
optimal design of the high-power motor cooler. Given
that the cooler is a complex system of magnetic ther-
mal solid coupling, this study focuses on the tem-
perature field. Future works can use this system to

integrate the strain and magnetic change brought by
temperature variations, and examines the coupling of
multiple physical fields to improve the comprehensive
performance and efficiency of motor coolers.
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