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Motor-CAD End Winding Spray Cooling Model 

Description 

Motor spray cooling is where the end winding is cooled by passing a fluid down the shaft and 

then firing it at the end winding through nozzles at the drive and non-drive end of the motor.  

This document will outline how the spray cooling is modeled in Motor-CAD. 

The cooling method is probably the most difficult to set up in Motor-CAD as there is not only 

the cooling from the spray hitting the end winding, but the spray bouncing off the end 

winding and flowing over the endcaps, the inside of housing and the rotor before exiting the 

motor via a sump. 

The fluid flow is assumed to be as shown below: 

 

Calibration of the model using test data is highly recommended if possible. An example of 

the calibration process is given later. 
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Spray Cooling Model Setup 
The user should set a hole down the shaft to allow the fluid to pass the through the shaft 

nozzles. The hole also acts as a cooling surface. 

 

 In [Input Data] ï [Cooling Options] set the [Spray Cooling] checkbox as shown below: 
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Now go to the [Input Data] ï [Spray Cooling] tab-sheet editor: 

 

 

Here the user sets the [Inlet Volume Flow Rate], the [Inlet Temperature] and selects the fluid 

type (either from the inbuilt fluid database or direct input of fluid properties).  Details are 

given to the user of the fluid properties: 
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The user then set the number of nozzles (at the drive and non drive end) and the nozzle 

diameter: 

 

 

 

The [Fluid Volume/End Space Ratio] is a parameter of the correlation used and is not often 

changed. Details are given of the calculated Nozzle to Surface Distance and Target Axial 

Length (end winding overhang), which are also parameters of the correlation used. The 

correlation for spray cooling was found in the Electronics Cooling Magazine and is used in 

this case to calculate the cooling from the end-windings. As it was initially thought a bit risky 

to use such a correlation the following warning was put in the software: 

 

 

 

This was implemented in 2002, and since then the spray cooling model has been used in 

several successful projects. Calibration using tests is always recommended if possible for 

such cooling to obtain better accuracy. 

 

The user can alter the amount of fluid that rebounds from the end winding and goes over the 

static endcap/housing and rotating rotor surfaces. By default it is assumed that 50% goes 

over each: 
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The calculated heat transfer coefficient, surface area, fluid velocity, etc are given in the table 

to help the user calibrate the model. Calibration adjustment factors for all the surfaces heat 

transfer coefficients and local fluid velocity are by default set at 1: 

 

  

Not only is data given for the end winding cooling by the spray cooling correlation, but also 

for all other surfaces that see the spray cooling fluid (before and after it has hit the end 

winding). An enclosed channel correlation is used for the shaft sections. A flat plate 

correlation is used for the Endcap and Housing (both are assumed to be in series with the 

end winding spray). 

 

The velocity of the fluid in the shaft and spray are calculated from the shaft hole diameter 

and nozzle diameters respectively. 

 

Note that if water jacket and spray cooling is used together then a problem that the housing 

nodes that have both cooling types cannot be calculated at this time ï we  neglect the spray 

cooling on such nodes. 

 

The velocity of the endcap and housing fluid is set equal to the spray velocity multiplied by 

the relevant local velocity multipliers as shown in the screen capture below: 

 



 

 

Page 6 

 

  

 

Default Local Velocity Multiplier values of 0.5 and 0.1 are used for the endcap and housing 

respectively. These values are set up from experience, but if better data either from test or 

CFD is available then they can be adjusted. They can also be made variables in the 

calibration process. 

 

Only the dissipation from the spray on the end windings is drawn on the schematic at 

present as highlighted below: 
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The cooling from the other surfaces can be seen in the [Circuit Editor] or [Output Data] 

pages: 

 

 

 


