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Abstract. Heat generated in an electric motor can increase the operating temperature. 
The excessive operating temperature w ill reduce the electric motor performance and 
shorten the service life. An appropriate thermal management system is required to 
reduce the electric motor operating temperature. The objective of this study is to 
determine the thermal performance of pulsating heat pipes w hich applied to the electric 
motor thermal management system. A prototype of electric motor thermal management 
system w as made from an induction motor w ith a cartridge heater instead of a heat-
generating rotor and stator. Six pieces of pulsating heat pipe w ere mounted using 
hexagonal heat pipe holder w hich placed inside the electric motor housing. The pulsating 
heat pipes are made of a copper capillary tube using acetone as w orking f luid w ith a 
f illing ratio of 0.5. The electric pow er input w as varied from 30 W to 150 W. The use of 
pulsating heat pipes can reduce the electric motor surface temperature by 55.3°C w ith 
the minimum thermal resistance of 0.151 °C/W. 

1. Introduction 

The flow of electric current through stator and 
rotor of an electric motor, in the process of energy 
conversion, will increase the working temperature. 
Electric motors will work optimally at a certain 
working temperature. If they operate at excessive 
working temperature, their performance will be 
reduced due to Joule losses which can be expressed as 
I2R, where I and R represent electric current and 
electric resistance respectively [1]. Also, the excessive 
working temperature will shorten the motor service 
life. 

In general, electric motors used fins and an axial 
fan as tools of the thermal management system to 
reduce electric motor’s working temperature. The fins 
are usually mounted on an electric motor outer surface, 
which is its housing. Its function is to increase heat 
transfer rate by natural convection. The fans are used 
to increase heat transfer rate by forced convection. 
Many studies have been conducted to find another 

method to increase cooling performance of the electric 
motor. 

Farsane et al. [2] have been conducted about 
measuring cooling temperatures on cooling closed-
circuit electric motors by fins and fans . Li [3] put 
forward modification on electric motor’s design of 
permanent magnet electric motors with a centrifugal 
impeller with aim improving electric motor cooling 
performance. Davin [4] carried out an experimental 
study of lubricating oil used as electric motors’ coolant. 
In a high operation, electric motors resulting in high 
heat, a method of flowing coolant through jacket 
placed between the stator may release heat to ambient 
air more effectively. 

A heat pipe is a compact, light and passive thermal 
device with a quite low thermal resistance [5]. The 
study on heat pipe used in electronic devices as a tool 
of thermal management system has been conducted by 
Putra et al. [6-8], Weng et al. [9], and Wang [10]. 
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Using heat pipe on electric vehicle batteries as thermal 
management system has also been carried out [11]. 
Putra et al. [12] introduced a thermal management 
system of electric motors using L-shaped flat heat 
pipes attached to the surface of the motor housing. The 
results show a significant decrease in temperature on 
the electric motor casing. 

Akachi [13] was first proposed pulsating or 
oscillating heat pipe in 1990. Pulsating heat pipe 
proved to be a simple, reliable, noiseless tool and an 
economical choice for heat transfer device. It’s because 
of it has many advantages [14-16]: (1) simple structure 
and low cost: PHP is made of the capillary tube which 
can be bent as needed. (2) excellent heat transfer 
capabilities: according to Shang et al. [17]. (3) Easy to 
miniaturization: it is one of the most exciting 
characteristics of PHP. The size of PHP can be so small 
because of its inner diameter either could be so small; 
and (4) high flexibility: PHP channels can be arranged 
for the various arrangement according to the situation 
of the application. 

The objective of this study is to determine the 
performance of thermal management system of an 
electric motor using pulsating heat pipes 
experimentally. 

2. Methodology 

2.1 Pulsating Heat Pipe 

Pulsating heat pipe which was used in this study 
were made from a copper tube with 3.1 and 1.6 mm for 
outer and inner diameter, respectively. Copper has 
many properties, two main properties which beneficial 
for pulsating heat pipe are the thermal conductance of 
copper was very high and good malleability for 
constructing the serpentine design. The tube diameter 
was chosen based on the limited sizes available and 
meets the dimension constraint of Eq. (1) suggested by 
Akachi et al. [18] for critical diameter. 

𝐷𝐷𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖 = 𝐵𝐵𝐵𝐵√
𝜎𝜎

𝑔𝑔 (𝜌𝜌1 − 𝜌𝜌𝑣𝑣) 

Bond number (𝐵𝐵𝐵𝐵) has been used for numerous 
studies to determine the critical diameter of the tube. 
Each classification states for surface tension, channel 
size, and fluid density effects on flow within these 
devices. Some studies have referenced a Bo value of 
1.84 [19, 20], others have a value of 2 used for 
diameter calculations [18, 21-23] while others 
examined a range of Bo numbers [24]. This study used 
a Bo of 2, as Akachi et al. [18] primarily suggested. 

Calculations were made for each two working fluid 
tested and for various temperatures since the PHP was 
exposed to a range from ambient to 120oC. The 
calculation resulted in smallest critical diameter for all 
conditions was found to be 2.59 mm, which is still 
larger than the 1.6 mm inner diameter of the copper 
tube used. 

Table 1 PHP minimum and maximum diameters . 

 

The working fluid used in this study is acetone. In 
Table 1, it seems that that acetone meets the capillary 
pipe diameter criteria used. Acetone has a low boiling 
point, which is 56.53oC at atmospheric pressure. The 
lower the boiling point of a working fluid, the resulting 
latent heat is also lower. Lower latent heat will be 
useful for forming and breaking bubbles faster, as well 
as shortening the starts up time in PHP. When the 
latent heat of the working fluid is low, the lower 
superheat in the pipe wall can be started in PHP [23].  

The charge ratio, the ratio of working fluid 
volume to total volume of the PHP, has a significant 
influence on the PHP performance because of the fact 
that the relative amounts of liquid plugs and vapor 
slugs depend on the charge ratio. The pulsating heat 
pipe can operate normally with a charge ratio between 
0.2 and 0.8, showed by experimental studies [25, 26]. 

2.2 Electric Motor Prototype  

The study was conducted using a conventional 
electric motor. It modified in such a way as to simulate 
the heat transfer in an electric motor by using a 
cartridge heater. The rotor is replaced with cartridge 
heater with a diameter of 12.5 mm and a length of 8 
mm. The stator or magnetic winding component is 
replaced by a 6-sided prism that forms a hexagonal 
heat pipe mounting. The outside surface of the 
hexagonal heat pipe mounting forms a cylindrical 
surface that matched the inside surface of the motor 
housing. The ready-to-use pulsating heat pipe is then 
mounted on each side of the 6-sided prism.  

(1)
, 
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1 Electric motor housing 
2 Pulsating heat pipe 
3 Cartridge heater 
4 Cylinder cartridge heater mounting 
5 Hexagonal mounting 
6 Pulsating heat pipe upper mounting 
7 Isolator 
  

Figure 1. Electric motor prototype with pulsating heat 
pipe. 

The pulsating heat pipe is inserted on each side of 
the hexagonal mounting with the evaporator side 
positioned near the cartridge heater, while the 
condenser side is positioned outside the motor housing. 
The evaporator absorbs the heat generated by the 
cartridge heater and transported to the condenser. An 
axial fan is used to increase the convection heat 
transfer rate from the condenser side to the ambient air. 
The design of electric motor prototype and its 
components is shown in Figure 1. 

The temperature measuring instrument used in 
this research is  0.3 mm K-type thermocouples. 
Thermocouples are installed at several points on the 
electric motor simulator. Placement of the 
thermocouple is arranged to obtain the temperature 
distribution on the electric motor on the inside and 
outside of the electric motor. The inner thermocouples 
are placed on a twelve-point of cartridge heater 
mounting, six points on one side, and six on the other. 
While the outer thermocouples placed on the electric 
motor casing that amounted to twelve points. The 
installation of each thermocouple on the motor housing 
is aligned with the inside thermocouple point. The 
arrangement is made to determine the radial 
temperature distribution from the cartridge heater to the 
motor shroud. The thermocouple installation 

illustration for the temperature distribution is shown in 
Figure 2. 

 

Figure 2. Thermocouple placement. 

Thermocouples are also placed on each PHP. The 
thermocouples are attached to each pulsating heat pipe, 
one on the evaporator side and one on the condenser 
side. Each of the thermocouples paired to the same one 
pulsating heat pipe should be aligned to know the 
temperature distribution at pulsating heat pipe. Based 
on the temperature data, the value of thermal resistance 
of each pulsating heat pipe can be obtained. The 
thermocouples are connected to a National Instrument 
Data Acquisition system. 

2.3 Experimental Schematic 

The experimental setup in this  study is depicted in 
Figure 3. An AC voltage regulator is used to adjust the 
input power to the cartridge heater. The electric 
voltage, electric current, and electric power are 
measured using a  digital power meter. All 
thermocouple is connected to a  National Instrument 
Data Acquisition system. 

For every single variation of working fluid and 
orientation, heat loads of 30, 60, 90, 120 and 150 W 
were applied. Experiments were carried out in the 
laboratory at ambient temperatures of 26-30oC. The 
experiments started with a 30Watt heat load. The 
heating is applied until the steady state is reached. 
About twenty minutes after the steady state was 
reached, the heat load is increased to 60 W. This 
procedure is repeated at a heat load of 90 W, 120 W, 
and 150 W. The similar experiments were conducted 
without using pulsating heat pipes. 
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Figure 3. Schematic of experimental setup. 

3. Results and Discussion 

3.1. Temperature and Heat Load Measurement 

Figure 4 shows the results of the temperature and 
measurement for ever heat load. The heat load 
fluctuation is increased rapidly with the voltage 
because the heater is a quadratic function of the 
voltage. The inner surface temperature of the cylinder 
shows little differences; this is due to the non-uniform 
heat propagation due to the difference in length, x, 
from the cartridge heater to the cylinder. While the 
external surface temperature shows a significant 
difference due to the placement of one thermocouple 
adjacent to the axial fan, resulting in lower 
temperature. 

 

 
(a) 

 
(b) 

Figure 4. Temperature and heat load measurement; (a) 
With PHP and (b) Without PHP. 

Temperature measurements without PHP are 
carried out by measuring the temperature on a PHP’s 
mounting; this is to facilitate the retrieval of data. Then 
to know the external surface temperature of the electric 
motor, used theoretical approach, as follows. 

Calculation of the rate of conduction of electric motor 
heat transfer from cartridge heater to hexagonal 
mounting using heat rate equation on Eq. (2) and (3), 
suggested by Bregman et al. [27] as follows, 

𝑄𝑄 = 𝑘𝑘𝑘𝑘 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 

Calculation of outer surface temperature of the 
electric motor 

Using heat rate equation for the cylinder,  

𝑄𝑄 = 2𝜋𝜋𝜋𝜋𝑘𝑘∆𝑑𝑑
ln (𝑟𝑟2 𝑟𝑟1)⁄  

with 𝜋𝜋 = 0.1 𝑚𝑚; 𝑟𝑟1 = 0.0475 𝑚𝑚; and 𝑟𝑟2 = 0.0548 𝑚𝑚. 

3.2. Steady state temperature versus heat load 
Determination of steady state temperatures is by 

averaging the value of temperature over the last twenty 
minutes during the steady state period. The steady 
temperatures at each heat load on the inner and outer 
surfaces of the electric motor with PHP result in 
Figure 5. The result shows that steady temperatures of 
the electric motor increase with the increasing heat 
loads; this corresponds to the theory that the greater the 
heat loads, then the greater the temperature difference 
shown in the equation of the heating rate. 

(3) 

(4) 

(2) 
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Figure 5. Steady state  temperature vs. heat load.  

 

Figure 6. Electric motor working temperature with and 
without PHP. 

 The comparison between using and without 
pulsating heat pipe of the inner and outer surface of 
electric motor shows in Figure 6. Implementation of 
pulsating heat pipe in the electric motor thermal effects 
its thermal management system. The temperature of the 
inner and outer surface of the cylinder increases with 
the heat load.  The electric motor without using 
pulsating heat pipe, the temperature reach 175.25oC 
and 162.11oC. While the use of the PHP reduces the 
temperature of 93.90oC and 78.06oC, or a reduction by 
81.35oC and 84.05oC, for the inner and outer surface of 
the cylinder respectively at the heat load of 120W. 

4. Thermal Resistance 

The thermal performance of a PHP is calculated 
based on the time-averaged evaporator and condenser 
temperature as per Eqs. (4) and (5). Total heat supplied 
is calculated through Eq. (6) and thermal resistance is 
calculated through Eq. (7). The equations is suggested 
by [28]. The heat is fullt dissipated along the pulsating 
heat pipe so that Qloss can be negligible.  

Average evaporator temperature, 𝑇𝑇𝑒𝑒 =
1
5
∑ 𝑇𝑇𝑖𝑖5
𝑖𝑖=1  

Average condenser temperature, 𝑇𝑇𝑐𝑐 =
1
5
∑ 𝑇𝑇𝑖𝑖5
𝑖𝑖=1  

Total heat supply, 𝑄𝑄 = 𝑉𝑉𝑉𝑉 
Thermal resistance, 𝑅𝑅 = 𝑇𝑇𝑒𝑒−𝑇𝑇𝑐𝑐

𝑄𝑄−𝑄𝑄𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
 

 

Based on Figure 7 thermal resistance increases 
with the increasing heat loads. This is in accordance 
with the theory of heat transfer rate where the value of 
the heat rate, Q, is inversely proportional to the thermal 
resistance, R. As a result, the thermal resistance at heat 
load above 60W decreasing sharply, which means the 
performance of pulsating heat pipe is better when it 
reached heat load up to 60W. 

 

Figure 7. The thermal resistance of PHP. 

5. Conclusions 

The experiments to make the prototype and to 
determine the performance of electric motor thermal 
management system using pulsating heat pipe have 
been successfully conducted. The temperature of the 
outer surface of the electric motors decreased by 
84.05oC, or from 162.11oC to 78.06oC, with a thermal 
resistance of 0.21oC/W, at heat load 120W. The best 
pulsating heat pipe’s performance shows at heat load 
above 60W. 
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