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Abstract— This study aims to discussing the impinging jet technology and provide more efficient cooling mechanism for 
rotating machinery. Conducted in normal condition, the experiment compares the motor’s temperature change with the 
traditional cooling system and jet flow cooling system, at the rotational speed of 3000rpm, 3500rpm, 4000rpm and 
4500rpm, so as to evaluate the DC motor’s heat transfer. In this experiment, the motor’s structure is not modified, and the 
plates of different numbers of holes are separately added between the fan and the cooling channel. It is to keep the cooled 
flow’s pressure and pump it out to make a jet flow for cooling down the components related to the rotor and stator. Besides, 
the thermocouple wire is used to record the temperature change on the surface of the motor. The experiment concludes that 
the temperature on the surface does drop at the four speeds when the multi-ring and multi-hole jet plate is applied. It is 
obvious that this cooling system actually works better. 
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I. INTRODUCTION 
 
The development of human beings and the ocean are 
closely related. Coastal countries therefore tend to be 
of superiority in  economy. After  the  mid-20th 
century, the containerization of  regular  shipping  
line  gave  rise  to  an epochal evolution of shipping 
industry. On the basis of a forward-looking strategy 
in containerization, maximization and global 
shipping line, the world’s shipping industry has 
advanced stably. Under the influence of the practical 
perspective on shipbuilding, the increase of cargo 
and soaring oil price, the enlargement of ships are 
sure to be made. It is estimated that, in response to 
the shipping cost, the mother vessels for 
intercontinental shipping lines will be replaced by 
22,000 TEU mega-ships no later than 2018. 
According to the shipping industry’s quotation in 
2012, the capacity of container vessels went from 
6,700 TEU, later to 8,800 TEU and now up to 
13,000 TEU; besides, the 300,000 DWT oil tankers 
and 170,000 DWT capesize dry bulk vessels have 
already operated their route worldwide. These all 
indicates that the era of large-scaled vessel in 
shipping industry is comimg. 
 
In response to the requirements of large-scaled 
shipbuilding, main and auxiliary marine engines of 
super power   are   thus   developed.The   Wartsila   
RTA96-C,   a two-stroke    turbocharged diesel 
engine, is the most powerful and efficient prime 
mover at present, and can be designed to be a in-line 
14 engine which is mainly used in container vessels 
over 13,000 TEU. In the future, a 13,000 TEU  
container  vessel,  which  is  approximately 400-
meter long  can  also  be  powered  by  it.  The  
diameter  of  the engine’s  cylinder  is  96-centimeter  
long,  weighing  up  to 2,300 tons with only the 
crankshaft weighing 300 tons. The highest power 

output reaches 108,920 hp at 102 rpm, and every 126 
gram of fuel can generate 1 horsepower. Compared 
with power system of the vessels before, it is a 
considerably strong power source. 
 
In order to meet the power requirement of larger 
vessels and their engines, the power supply for fuel 
system, cooling system, lubricating systemand 
auxiliary  engine is elevated as well. The lubricating 
pumps and motors utilized in large ships sailing 
across oceans weigh no less than 1,000 kilogram, 
pumping up to 730 cubic meters per hour. The 
power consumption goes up  to  260 kW  and  
sometimes even 500kW. To meet the container 
vessels’ need for refrigeration system, a vessel 
generally has four power generators producing more 
than 3,200 kW. These motors and   power  
generators   rotate,   and   the   heat   is   thus 
produced as the electricity current run through the 
coil. However, scarcely can the fans driven by a 
vessel’s power system effectively reduce the heat. 
Moreover, increasing the number of the air channels 
or modifying the shape of the wings to improve the 
cooling system is very likely to be limited to their 
own complicated structure. Limited to the size and 
the space,it is obviously the future tendency to adopt 
various forms of forced convection so as to improve 
heat exchange. In this study, an easily controlled DC 
motor is applied in this experiment, and the 
impinging jet cooling system is adopted to 
ameliorate the  heat  transfer  efficiency  in  a large-
sized or small-sized high power rotating machine, 
which improves the inefficient heat transfer caused 
by its shell and prolongs the motor’s life. Hence, 
this study aims to provide a rotating impinging jet 
cooling system which is expected to effectively help 
with the heat transfer in the machine, therefore better 
up the working efficiency and prolong the machine’s 
life. 
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II. LITERATURE REVIEW 
 
According to the experiments done in the lab, the 
cooling system’s target in a rotating machine lies in 
rotor and stator. The heat generated when it works 
affects the working efficiency, and in the long term 
will decide the life spin   of   the   machine.   For   
cooling   down,   a   motor traditionally went with a 
fanwhich is driven by the same shaft  of  armature  
to  pump  the  cool  air  intoa  annular channel 
between rotors. The air is forced to interchange 
through  the  channel  and  cool  down  the  armature  
and stator windings. The heat is thus taken away as 
the air is let out from the vents. 
 
The annular cool air flow between the rotator and the 
stator made by a machine’s rotation is similar to a 
mixed flow combining Couette flow and Taylor 
Vortices flow [1]. Based  on  Couette’stheory and  
experiments, the  annular Couette flow’s being is 
proven. As the outer cycle stays still and the inner 
cycle rotates, turbulent flow forms at low speed in 
the flow’s transition zone. Taylor did a  further 
research on Couette flow, finding that Couette flow 
will transform into an axially symmetric annular 
flow providing that Reynolds number reaches a 
tipping point [2]. Generally speaking, the frame 
dragging effect accounts for the formation of a flow. 
When the outer cylinder is set still and the inner one 
rotates at fixed speed and angle, the typical 
phenomena, Taylor flow and Taylor Instability, 
hence forms. The cool air axially passes through the 
annular space between the stator and the rotor of the 
motor, and the characteristic of Taylor-Couette flow, 
affected by the rotation of the armature comes into 
being. To be more explicit, the highest speed is 
found, not in the middle of the annular   channel,   
but   around   the   inner   cylinder.   The location 
differs from the size of the space and the inner 
cylinder’s rotating speed [3]. 
 
As for the related research overseas, earlier in 1980s 
Wan and Coney started their observational research 
on the spiral whirling flow in the wide annular 
channel by utilizing flow visualization and numerical 
analysis. Under the same circumstance that the inner 
cylinder rotates with the oil of high viscosity at low 
speed in this study, they conducted the experiment 
within the annular space between the inner and 
outer cylinders, making serial analysis on the index 
of the flow, viscosity and the flow’s transition zone 
[4-6].Mloki did a research on the mass-transfer, 
proving that the flow, at   certain  rotational  speed,  
transformed  itself  into   a vortices flow so as to 
elevate the mass-transfer efficiency,and the  
Sherwood  number  goes  up  obviously. 
Additionally, during the transition, the rotational 
speed, Reynolds number and the transition time and 
area are closely related. As Reynolds number goes 
up, the vortex produced by the flow moves toward 

the downstream. The increase of rotational speed 
cause the transition point’s moving forward.  A jet 
flow heat exchange system was earlier applied in the 
electronics. However, as electronic components’ 
minimization and sophistication has become an 
expected future development, heat radiation is thus a 
bottleneck to unblock. The standard for heat 
radiation and heat resistance rises in response to the 
minimization of electronic packaging in auto 
electronics industry. Modularization has also led to 
the urgency and significance of heat radiation. As a 
result, Taiwanese scholars have done some research 
on this technology. Department of Mechanical 
Engineering at Chung Yuan Christian University did   
a   systematic   research   on   the   heat   transfer   
of 2-dimensionalsymmertric jet flow’s cooling 
effect on the hot spot of electronic components by 
making a laminar flowaxi-symmetric jet flow model 
on the basis of the index calculation. The study 
discusses the relation of jet channel’s diameter and 
width by impinging the heat smooth plate as well   
as   Reynolds   number,   concluding   the   best   
heat radiation efficiency under various conditions[8]. 
ChienKuo Technology University’s Department of 
Mechanical Engineering also conducted an 
experiment on the heat transfer ofthe rotating 
cylinde’s side under the jet flow’s impinging, and 
different porous media’s heat radiation efficiency. In 
the research, Nusselt number’s empirical formula, a 
formula corresponding to Reynolds number and the 
average of Nusselt number’s non-dimensional 
formula are made as a reference for cooling system’s 
design [9-10]. 
 
A typical jet technology is mainly applied in 
manufacturing electronic components and chemical 
products. Inthis domain, the stagnation point tends to 
be of high heat exchange Nusselt number in heat 
transfer. It is commonly seen to research on the 
distribution of Nusselt number when the plate hit by 
a mono jet or a multiple free jet. The whole process 
starts from the fluid’s hitting the panel’s stagnation 
zone, then the transition zone, and finally the 
region of splattering. The empirical equation for 
Nusselt number of a free jet’s stagnation zone can be 
found in the research of Downs and James [12]: 
Nujet =0.23Re0.589Pr0.4 
 
When it is compared with Dittus-Boelter equation for 
the forced heat exchange effect of the channel’s flow, 
heat transfer is proven to be superiorly applicable. 
In general, the physical condition in this study is to 
add free jet flow’s condition to Taylor-Couette flow, 
which has never been utilized in any research 
previously. It is inferred that free jet flow and 
Taylor-Couette flow are mutually influenced, which 
causes jet flow’s accelerating, slowing 
down,reversing and even sometimes being 
interrupted. Therefore, it can be understood that 
making a flow model based on the index is far 
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beyond possible, so this study aims to measure the 
influence and effect produced by the flow as the 
reference for the future development 
 
2-1. Experimental Method 
This study takes the fluid’s temperature’s change in 
the annular channel to conduct the experiment, 
analyzing the different flow’s influence on heat 
transfer. Since the theory has already been concluded 
in most researches, there would be less about it but 
more about experimental equipment, statistics 
analysis. 
 
Firstly, this study analyzes the temperature change 
caused by changing the impinging jet plate, and the 
influence of the change of a flow’s jeton the 
rotor’s and stator’s heat transfer. The heat transfer 
system of a motor traditionally are cooled down 
with exterior media and an enlarged air channel. 
Nevertheless, these designs are prone to increase the 
cost and complicate the maintenance, which 
depends on specific service and tools for repairs. In 
this study, the system is designed to have a plate 
built inside the motor which makes a half-sealed 
room, blocks the air and subsequently causes an 
increase in air pressure. As the air pressure increases 
inside, the air let out from the hole on the plate 
forms a jet flow, which enables better cooling 
down without adding another cooling device. 
 
2-2.Experimental Equipment 
In this study, the temperature change on the 
machine’s surface with the cool air passing through 
the annular channel. The equipment utilized in this 
experiment includes a DC motor, speed controller, a 
temperature recording system and analyzing 
software. The details illustrated can be found below. 
 

 
 

 
1. DC motor: adopted as the subject matter in the 
study which is of easy speed control and doesn’t cut 
off the magnetic force and affect the thermocouple’s 
sigusernal. 
2.    Load device: an additional motor connected 
by a shared shaft to avoid an idling DC motor to 
collect more precise data. 
3. Thermocouple wire: the ISO certified K 
thermocouple wire, whose error amount remains 
within 0.75 and the diameter is only 0.1 mm. Its 
cover is made of organic resin which is of heat 
resistance up to constantly 480 Celsius degrees and 
inconstantly 533 Celsius degrees. 

4. Data recorder:  Fluke Hydra 2640a with 
AD/DA and I/O system   is   utilized   to   transfer   
the   temperature   data collected by K thermocouple 
wire to the computer through GPIB. 
 
2-3. Diaphragm jet plate 
The plate can be easily made to keep the 
increasingpressure which changes the flow. The 
holes drilled on smooth and heat-resistant fiberglass 
shown from Chart 2-3-1 to 2-3-3, including a single 
ring 10 holes plate, a single ring 16 holes plate and a 
triple ring 46 holes. Each has two larger hole fit the 
motor’s bolt fastenal. The rest smaller ones serve as 
nozzles. Providing that the amount of flow is fixed,  
the  plate  with  less  holes  bears  more  pressure to 
produce stronger jet; on the contrary, the plate with 
more holes keeps less pressure to produce less strong 
jet. However, it varies based on the shape and length 
of the annular channel, and the variables can be 
rearranged to make the best option. 
 

 
 
2-4. Experimental Method 
The experiment is composed of two sections; one is 
the temperature recording with no plate in the motor, 
and the other is with a plate set in the motor. The 
experiment can be conducted as the following 
procedure. 
1.   The temperatures of   the motor unmodified are 
respectively recorded at the rotational speed of 
3000rpm, 3500rpm, 4000rpm and 4500rpm for no 
less than half an hour. As the temperatures stays 
stable, the temperature of the motor’s shell can be 
recorded to show the forced heat exchange effect 
caused by the fan, and the data collected can be 
compared with that collected in the motor with 
impinging jet cooling system. 
2. To ensure the cooling effect produced by 
impinging jet cooling system, a plate is placed in the 
front inside the motor without blocking the air 
outside. The impinging jet flow is thus produced to 
make more influence on the motor’s cooling down. 
3.  The single ring 10 holes plate is firstly applied, 
rotating at respectively at 3000rpm, 3500 rpm, 
4000rpm and 4500rpm for no less than half an hour. 
As the temperatures stay stable, the temperatures are 
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respectively recoded to show the temperature 
changes of the motor’s shell with the plate in it. 
4. Different from the previous one, the single ring 
16 holes  plate  is  then  applied,  rotating  at  
respectively  at 3000rpm, 3500  rpm  4000rpm and  
4500rpm for  no  less than  half an hour. As the 
temperatures stay stable, the temperatures are 
respectively recoded to show the temperature 
changes of the motor’s shell with the plate in it. 
5.  The last plate with triple rings 46 holes rotates 
respectively at the four speeds set above for no less 
than half an hour. As the temperatures stay stable, 
the temperatures are respectively recoded to show 
the temperature changes of the motor’s shell with the 
plate in it. 
6.   The   temperature   data   collected   is   input   in   
a computer and make a comparative line chart of jet 
flow’s and forced heat exchange’s cooling effect. 
7. To test the plate’s cooling effect on a motor, and 
strengthen the effect of the impinging jet, a plate is 
added, in the second section of this experiment, at 
the air channel’s entrance to block the air in. It is to 
simulate a motor of ill heat transfer with less air 
inside or a motor working in a sealed space of heat. 
Under the condition set this way, the experiment 
conducted again from step 1 to step 6. The data 
collected in this experiment can prove the impinging 
jet’s cooling effect does make differences. 
 
2-5.Experimental Procedure and Photos 
 

 
Figure 2-5-1 Over-all experiment equipment 

 
The shared shaft drives the other motor, which 
simulates the motor on a vessel. It is similar to a fixed 
loading carried; in this part, the horizontal 
adjustment, the placement of the shared shaft and the 
shake should especially noticed. 
 

 
Figure 2-5-2 The plate with drilled holes 

At  the  motor’s air  entrance is  the  plate  with  
drilled holes  set,  which  blocks  the  air  in  so  as  
to  keep  the increasing ressure and push it into the 
inside of the motor 
 

 
Figure 2-5-3 The thermocouple wire plugged in 

 
The wire should be plugged in the holes and set 
onto the shell, connected to the recorder for data 
collecting. The motor’s temperature change inside 
can be found accordingly. 
 
III. EXPERIMENTAL RESULT AND 
DISSCUSSION 
 
In  the  first  part  of  the  experiment,  the  
traditional cooling and impinging jet cooling system 
are respectively applied in the motor with fixed 
loading working at the rotational  speed  of  
3000rpm,  3500rpm,  4000rpm  and 4500rpm.   The   
temperatures collected   show   the   heat transfer 
efficiency of both systems. Chart 3-1 shows the 
distribution of the temperatures in the motor without 
the plate. With no other factors, the temperatures at 
four speeds have obvious changes; that is, the 
temperatures rise as the rotational speed rises. 
Moreover, in Chart 3-1, there is no temperature 
change, which means, in the annular channel, the 
combined flow of Couette flow and Taylor Vortices 
flow is not the main flow. Therefore, the expected 
line characteristic of Taylor - Couette flow does not 
form in  this  chart . 
 
To keep the pressure and turn the flow into the jet 
flow, different types of changeable plates are 
designed and set in the motor. When it runs steadily, 
the experiment can be conducted in accordance with 
the planned experimental method, and the 
temperature changes in the motor can be recorded. 
Then measured the temperature distribution right 
above and besides the motor. Chart 3-1 The 
distribution of the temperatures in the motor without 
the plate 
It is clear that the temperatures of the motor with a 
plate vary in accordance with the four different 
rotational speeds. Shows the temperature distribution 
of the motor with a single ring 10 holes plate. The 
motor’s temperature rises slightly at 3500 rpm, 4000 
rpm and 4500 rpm. However, it remains unchanged 
at 3000 rpm, which indicates that the plate does not 
affect the cooling at this speed. On the other hand, 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 4, Issue-2, Feb.-2016 

The Experimental Study of Impinging Jet Flow Cooling Technology for Electric Motor 
 

16 

the temperature does not drop but slightly rises at 
3500 rpm, 4000 rpm and 4500 rpm, which indicates 
that the plate is not able to enhance the cooling 
efficiency, but causes the temperature to rise. It is 
because the original flow is interrupted and the 
impinging jet does not take effect. Obviously, a 
single ring 10 holes plate applied in this motor for 
cooling down is not considered workable. 
 
The temperature distribution of the motor with a 
single ring 16 holes plate shows that at lower 
speed, 3000 rpm and 3500 rpm has a higher 
temperature, but a lower one at 4000 rpm and 4500 
rpm. It suggests that, at lower speed, the plate does 
not ensure a higher cooling efficiency, but leads to a 
slightly rising temperature. The temperature rises 
because part of the cool flow is blocked and the 
pressure is too little to make impinging jet work. 
Nonetheless, the temperature drops at 4000 rpm and 
4500 rpm. Clearly, on condition that the single ring 
16 holes plate works at a higher speed, the airspeed 
and airflow grow, and thus enable the impinging jet 
to take effect. 
 
The temperature distribution of the motor with a 
triple ring 46 holes plate rises obviously at 3000 rpm, 
3500 rpm, 4000 rpm and 4500 rpm. At 3000 rpm and 
3500 rpm, the temperatures fall in the same range, 
which means the plate does not improve the cooling, 
but block the original flow. The impinging jet does  
not  take  effect  because the too many holes prevent 
the pressure from increasing. The plate applied in the 
motor does not take effect as expected. 
 
3-2.Simulation of the motor’s cooling system out of 
order 
The  experiment  in   the  second  part  simulates  
the motor’s cooling system becoming less effective, 
which represents  the  motor  working  in  a  sealed  
and  heated condition. It is to prove whether the 
plate improves the cooling effect when cooling 
conditions rarely reach the standard. Chart 3-2 shows 
the temperature distribution of a motor without the  
plate  working in  a  heated  or  sealed condition. In 
contrast with Chart 3-1, in which the temperature 
distribution of a motor without the plate is Chart 
3-3 The temperature distribution in the simulation of 
a motor with the sing ring 10 holes plate working in 
heated or sealed condition shown, the temperature at 
different speeds rises largely in Chart 3-2. The 
differences in temperature at all the four speeds are 
more obvious than those found in the original motor. 
Additionally, the external factors, such as the lack of 
air exchange and heat, the temperature at the four 
speeds change largely. It rises in as the speeds go up. 
However, in contrast with Chart 3-1, in which the 
temperature distribution of a motor without the  
plate  is  shown,  the temperature    change    more    
or    less    indicates    that Couette-Taylor flow has 
become stronger and more distinguished in the chart. 

Charts from 3-3 to 3-5 shows the temperature 
distribution of the motor with the plates working in 
the heated and sealed condition. 
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Chart  3-3  shows the  temperature distribution of  the 
motor with the single ring 10 holes plate working in 
heated and sealed condition. In this condition, the 
plate added on the  motor  is  considered  to  be  
obviously  effective  for cooling down. From the 
difference between Chart 3-2 and 3-3, the 
temperature measured at both gauging point, at 4500 
rpm, drops by 2 – 3 degrees, and the same outcome is 
found   at   3500   and   4000   rpm.   At   3000   rpm,   
the temperature drops even more largely by  3  – 4 
degrees, which indicates the impinging jet effect 
works better in this condition. 
In general, according to the temperature distribution 
in Chart 3-3, 3-4 and 3-5, the temperatures of the 
motor with the plate are lower than that of the 
motor without the plate. To be more explicit, the 
number of holes on a plate would result in 
temperature’s change. Chart 3-4 shows the 
temperature distribution of the motor with the 
single ring 16 holes plate working in heated and 
sealed condition. Compared with the temperature in 
Chart 3-2, the temperature in Chart 3-4 at 3500 rpm, 
4000 rpm and 4500 rpm does not drop but subtly 
goes up instead. It indicates that higher rotational 
speed is needed to puff in more air in order to create 
pressure and impinging jet when the single ring 16 
holes plate is applied. In addition, as the single ring 
16 holes plate is applied, the temperature change at 
3000 rpm is not apparent; even though at 3500 rpm 
the temperature might drop, the cooling effect is not 
thought to be effective enough. We infer that the air 
which passes through the holes is not properly 
pressed, and it influences the cooling effect. 
Chart 3-5  shows the  temperature distribution of  the 
motor with the triple ring 46 holes plate working in 
heated and sealed condition. In the whole experiment, 
the triple ring 16 holes plate has the best cooling 
effect. Compared with the temperature in Chart 3-2, 
the temperature gauged in this part drops 
tremendously and make a larger temperature change, 

which means the impinging jet works better to cool 
down the motor in this condition. At the four speeds, 
the temperature of the motor with with the triple ring 
46 holes plate is lower than that of the motor without 
the plate. As a consequence, with these external 
factors, the impinging jet flow makes better cooling 
effect to lower the temperature in the motor. 
The experiment in this part simulates the motor’s 
cooling system becoming less effective, which 
reproduces the motor working in a sealed and heated 
condition. It is to prove whether the plate improves 
the cooling effect. Based on the experiment, the 
number of holes on the plate is the key factor that 
influences the temperature. In the experimental  
procedure,  a  single  ring  10  holes  plate,  a single 
ring 16 holes plate and a triple ring 46 holes plate are 
made. At first, a single ring 10 holes plate and a 
single ring 16 holes plate are put in the experiment, 
and it is later known that the 16 holes plate does not 
guarantee the drop of temperature. Therefore, more 
holes do not means good impinging jet.  In  this  
experiment,  a  motor  with  a  plate tends to have less 
cooling effect, and the more holes a plate  has,  the  
better  the  cooling  effect  is.  The  data collected in 
this experiment shows that, with the plate having 
more holes, the air has better access to the inside of 
the motor to cool down the motor and make 
impinging jet effect. 
Actually, in the condition that the air flow doubles, 
the application of the single ring 10 holes plate and 
triple ring 46 holes plate result in higher temperature. 
It can be inferred, for air flow, the single ring 10 
holes plates is less accessible to the inside of the 
motor, and insufficient air flow hence gives rise to 
bad heat transfer. However, the triple ring 46 holes 
plate has too many holes, which prevent the 
impinging jet effect. The research in the future would 
put more focus on finding the best match. 
 
CONCLUSION 
 
Through the thermocouple wire, the stable 
temperature is collected in data recorder and put in 
line chart. The temperature distributions of the motor 
with or without the plate nearly have no differences. 
The temperatures and its distributions are similar 
because the impinging   jet   flow   might   be   far   
stronger   than   the Couette-Taylor flow in the 
annular channel. As  a  result, seen from the chart, 
Couette-Taylor’s line characteristics is thoroughly 
replaced. 
According to the data, without the air block plate, 
utilizing a single ring 10 holes plate can actually 
prevent the temperature form going up. However, at 
3500 rpm or higher, the single ring 10 holes plate 
becomes less effective for its air flow remains stable. 
On the contrary, the motor without the plate has 
larger air flow as the rotational speed goes up.  
When all  the plates are utilized, it  is  only  the 
triples ring  46  holes  plate  that  can  obviously 
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lower  the temperature, making best cooling effect. 
In the future, a plate with more than 46 holes can be 
designed to improve the cooling effect. 
This study will design different type of plate to 
improve the impinging jet flow and cooling effect in 
different condition and for different motors, which 
aims to meet the actual requirements of the motors. 
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