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:
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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.

,
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In [Input Data] i [Cooling Options] set the [Spray Cooling] checkbox as shown below:

— — — - —
{3 Motor-CAD v5.3.108 (No File)* BETA " = | 5 |
File Options Defaults Editors View Results Tools Help
’7@ Motor TypE: Title: Defautt Motor
Radial Crass-Section | Avial Crass-Section | Winding Editor | [ nput Dt Schematic | Node Temperatures | Dutput Data | Transiert Graph | Creuit Edior | Sensiivity | Seripting|
Cooling Dptions | Losses | Materials & weights | Interface Gaps | Radiation | Natuial Convection | End Space | Spiay Coolin | Transient | Settings | Material Propetties|
Cooling Options: External Fluid Data: Internal Fluid Data:
Cooling Type:
@ Totally Enclosed Non-entilated [TENY] [ Mt CAD model | [ alor CaD mode J
() Totally Enclosed Fan-Codled [TEFC] Thermal Conductivi: 102723 Thermal Conductivity: ~ 0.02723
[C1 Thiough Ventiztion Diensiy 1127 Densiy: 1127
Motar Orienttatian Liquid Cooling:
© Horzontal Housing Wwaler Jacket [ 1007 [ 1007
[] $haft Spiral Groowe
_ Kinematic Viscosity: 1.685E-5 Kinematic Yiscosity: 1.68%E-5
) Vertical [Shaft Up]
Dynamic Viscosity 1.904E-5 Diynamic: Wiscosity: 1.904E-5
) Vertical [Shaft Dowr] SCket
[ slot water Jackst Pr - Prandtl Number: 07039 Pt - Prandtl Number. 07039
Miscellaneous Data: Cooling Options Notes:
Aumbient Temperature [Convectiank: 40 Typs in user notes here
Ambient Temparature (Aadiation): 40
Shaft Speed [rpm] 3000
Lamination Stacking Factor [Stator) 097
Lamination Stacking Factor [Fotor] 097
Fixed Temperatures:
[ Fixed Plate Temperature 100
Fised Base Tempsrature 100
[] Fined Shalt[F] Temperature 100
[ Fived Shalffi] Temperature 100
[] Fived EndeaplF] Temp. 100
[ Fived EndeaplR] Temp. 100 Check Data
Length (-83.66,47.09) mm 26 January 2010 www.motor-design.com
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Now go to the [Input Data] i [Spray Cooling] tab-sheet editor:

£ Motor-CAD v5.3.10.8 (No File]” BETA [E= e
File Options Defaults Editors View Results Tools Help
Motor Type: Title: Defautt Motor
Fadial Cross-Section | Aial Cross-Section | Winding Editar | Input Data  Schematic ‘ Node Temperatures | Output Data | Transient Graph | Circuit E ditor | Sensitivity | Scripting ‘
Cooling Options | Logses | Materials &Welghtsl Interface Gaps I Radiation | Matural Convection | End Spacsl Spray Codling | Transient I Settings | i aterial Fluperl\esl
Fluid Data: Fluid Properties: Mozzle Data: Endcap/Housing/Rotor Cooling:

Inlet Temperature: 40 [Fixed values v] Mozzle Diameter. 1 Endcap/Rotar Spray Ratio F 0.9
Fluid Volume Flow Rate BE-5 Thermal Canductivity: 0.0125 Mozzles Per End winding: 1 Endcap/Rotor Spray Ratio [R]: 05

Density 1000 Fluid Yolume/End Space Ratio: 0.1 Spray Cooling Conelation Information:

. . The correlation used iz based upan the paper "'The
Ce: 1880 Nezzle to Sutace Distance [Ff: 2387 submerged dauble jet impingement [SOUI] methad far
. : . ¥ . . thermal testing of packages" by Evelien Driezsens
Kinematic Wiscasity 1.1E5 Mozzle to Surtace Distance [R} 2987 publshed i the Eleciomes Conlng magazne, May
D | by 0.0 : . 2007, The application of the carrelation to end winding
namis Yiseosty Target Asdal Length [FT & spray cooling has et to be validated and thus the
Pr - Prandtl Number: 1654 i 25 esults
'l Target Asial Length [R] may be in emor, Any feedback from Motor-CAD users
would be most welcome. '
o
hlinput] Local Local
Component I';I'i',u‘ Comelation or Yelocity Fluid H zEllllD] H z[[\h’all] N :Elm']] N:l[“';?‘“] Area h Motes
° hladjust] | Multiplier | Yelocity
> Urits Wim2/C pu m/s mm2 W/im2/C
Front Shaft [Inlet] [~ | Channel Corelation [Lar 1 1 3.058 1389 1389 9277 92.77 1068 231.92
ain Shaft Hole [~ | Channel Carrelation [Lar 1 1 1.528 E34.5 E345 421 421 1643 105.25 .
Rear Shaft Hole [~ | Channel Carrelation [Lar 1 1 1.528 634.5 6345 36.35 36.35 2356 90.872
Front EWw/dg I Elect Cadling 1 1 2 472 2496E04 | 406.8 5605 EESS 3005.8
Rear E'Wdg r Elect Codling 1 1 2 72 24596E04 | 406.8 5605 EEES 3005.8
Front Endcap r Flat Plate [Laminar] 1 0.5 141 9.115E04 | S.115E04 2371 2371 1.278E04 | BR452
Rear Endcap r Flat Plate [Laminar] 1 0.5 191 9.115E04 | 5.115E04 2371 2371 1.278E04 | 5R4.52
Front Housing I Flat Plate [Laminar] 1 01 382 3.733E04 | 3.733E04 1917 1517 2.246E04 | 103.85
Rear Housing r Flat Plate [Laminar] 1 01 a2 3.733E04 | 3.733E04 1517 1517 2.246E04 | 103.85
Active Housing r Flat Plate [Laminar] 1 01 382 F.BGBE04 | 6.858E04 2057 2067 3E7BEO4 | 74.903
Front Rotor Pale r Flat Plate [Laminar] 1 1 3.2 1.389E04 | 1.389E04 | 9255 925.5 929.9 20923
Rear Rotor Pole r Flat Plate [Laminar] 1 1 |2 1.385E04 | 1.383E04 | 9255 9265 929.9 20923
Frant Rator Core r Flat Plate [Laminar] 1 1 3z S.681E04 | B.ES1ED4 2314 2314 3358 826.38
Rear Rotor Core r Flat Plate [Laminar] 1 1 382 B.EB1E04 | B.RE1ED4 2314 2314 33658 B2F.38
Length (-83.66,47.09) mm 26 January 2010  www.motor-design.com
3

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).

given to the user of the fluid properties:

Fluid D ata: Fluid Properties:

Details are

40 Fired values

Irlet Temperature:

Fluid “alume Flaw Fate BE-B Thermal Conductivity:
Dienzity:

Cp:

Kirematic Viscoszity:

Diynamic Vizcosity:

Pr - Prandt! Mumber:

00125
1000
1880
11E-5
0.0
1654
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The user then set the number of nozzles (at the drive and non drive end) and the nozzle
diameter:

Mozzle Data:
Mozzle Diameter: 1

Mozzles Per End Winding: 1
Fluid %olurne/End Space Ratic; 0.1
Mozzle to Surface Distance [F]  29.87
Mozzle to Surface Distance [R]: 29.87
Target Axial Length [F]: 25
Target fxial Length [R]: 25

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:

Spray Cooling Correlation Information:

The comelation uzed iz bazed upon the paper "The
submerged double jet impingerment [S0J1) method for
thermal testing of packages" by Evelien Driessens
published in the Electronics Cooling magazine, kay
2001, The application of the caorelation to end winding
spray cooling has et to be validated and thus the
results

may be in emor. Any feedback from Motar-CAD users
would be mozt welcome.

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:

Endcap/Housing/Rotor Cooling:
Endcap/Rotor Spray Ratio [F: 0.5

Erdcap/Rotar Spray Ratio [R] 0.5
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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.:

hlinput Local Local
Component Ir;::‘i?ul Correlation : o? . Velocity Fluid Hgygg] Hz['\'l;‘:"] N:Elnﬂl N';[[\':?‘I“] Area h Motes
: hladjust] | Multiplier | ¥elocity
[ 3 Units Wim2/C pu mis mm2 Wim2/C
Frant Shaft [Inlet] [~ | Channel Corelation [Lar 1 1 3.056 1389 1389 9277 9277 1068 231.92
Main Shaft Hale [~ |Chanrel Correlation [Lar 1 1 1.528 E94.5 E94.5 421 421 1649 105,25
Rear Shaft Hole [~ | Channel Comrelation [Lar 1 1 1.528 £34.5 £34.5 36.35 36.35 235.6 50.872
E— — —
Front Ev/dg I Elect Cooling 1 1 382 3472 2.496E04 40E.8 BE0S EERS 3005.8
Rear EWwdg I Elect Cooling 1 1 382 3472 2496E04 | 4068 5605 EESS 3005.8
“Trort Erdcap ] TTat IS [Lamminar T me LA AR AN A T PACTA B B D= 11 T R
Rear Endcap r Flat Plate [Laminar] 1 0.5 191 9.115E04 | 9.115E04 237 2371 1.278E04 564.52
Front Housing I Flat Plate [Laminar] 1 0.1 382 3.733E04 | 3.733E04 1517 1517 2.246E04 | 10385
Fiear Housing r Flat Plate [Laminar] 1 0.1 382 3.733E04 | 3.733E04 1517 1517 2.246E04 | 10385
Active Housing r Flat Plate [Larninar] 1 0.1 3.82 6.858E04 | 6.858E04 2057 2057 3.676ED4 74.903
Front Rotor Pole - Flat Plate [Laminar] 1 1 382 1.3859E04 | 1.3839E04 9255 9255 9299 28923
Fiear Fator Pole r Flat Plate [Laminar] 1 1 382 1.389E04 | 1.385E04 | 9255 925.5 929.9 2892.3
Front Rotor Core r Flat Plate [Laminar] 1 1 382 S.651E04 | BES1EN4 2314 2314 3358 826.38
Rear Rator Core - Flat Plate [Laminar] 1 1 382 S.681E04 | B.681ED4 234 2314 3358 826,38

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 i 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:

hlinput Local Local
Component Ir;::‘u?ul Correlation t o? ! Yelocity Fluid Hgygg] Hz[l\:‘:“] N:EIEE] N';[[\:?J“] Area h Motes
: hladjust] | Multiplier | Yelocity
[ 3 Units Wim2/C pu mis mm2 Wim2/C
Frant Shaft [Inlet] [~ |Chanrel Correlation [Lar 1 1 3.056 1389 1389 9277 9277 1068 23.92
Main Shaft Hole [~ | Channel Corelation [Lar 1 1 1.528 594.5 594.5 421 421 1649 105.25
Rear Shaft Hale [~ |Channel Correlation [Lar 1 1 1.528 E94.5 E94.5 36.35 36.35 2356 90,872
Front E'w'dg r Elect Cooling 1 1 38.2 3472 2.496E04 | 406.8 5605 BE5S 3005.8
Rear Ewdg r Elect Cooling 1 1 38.2 3472 2.496E04 | 406.8 5605 BE55 3005.8
Front Endcap r Flat Plate [Laminar] 1 (1A 1591 9.115E04 | 9.115E04 237 2371 1.278E04 564.52
Rear Endcap r Flat Plate [Laminar] 1 0.5 1591 9115E04 | 9.115E04 237 2371 1.278E04 564.52
Front Housing I Flat Plate [Laminar] 1 0.1 3.82 3.733E04 | 3.733E04 1817 1917 2.245E04 10385
Rear Housing r Flat Plate [Laminar] 1 0.1 3.82 3.733E04 | 3.733EN4 1517 1517 2.24BE04 103.85
Active Housing r Flat Plate [Laminar] 1 0.1 3.82 6.858E04 | 6.858E04 2057 2057 3.676ED4 74.903
Fraont Rotor Pole r Flat Plate [Laminar] 1 1 38.2 1.389E04 | 1.389E04 | 9255 97515} 929.9 28923
Rear Ratar Pole r Flat Plate [Laminar] 1 1 38.2 1.389E04 | 1.389E04 | 9255 925.5 929.9 28923
Front Rotar Core r Flat Plate [Laminar] 1 1 382 S.681E04 | B.EB1EN4 2314 214 3358 82638
Rear Raotor Core r Flat Plate [Laminar] 1 1 38.2 S.681E04 | B.EB1EN4 2314 234 3358 82638
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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:

lotor-CAD v5.3.10.18 (No File)* BETA
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The cooling from the other surfaces can be seen in the [Circuit Editor] or [Output Data]
pages:
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