Wet Rotor Cooling

Description

This document gives a brief description of how to set up a Motor-CAD model for a wet rotor
machine.

Wet rotor cooling is where a fluid is passed down the airgap of the machine. The fluid also
passed over the shaft and end-winding surfaces in the endcap regions of the machine. This
form of cooling is often used for integrated pumps where leakage from the pump is used to
cool the motor.

Machine Geometry
For this example the standard machine will be used as shown below.

£ Motor-CAD v5.3.2.9 (No File) [F=2EoR(tx=|

Eile Options Defaults Editers Yiew Results Tools Help

(2Jf(32] Motor Type: Title: Defaut it

’m Liial Cruss-SactiUn| “winding Edilur| InpulData| Schemalic| Node Temperatures ‘ Output Data | Transient Graph | Circuit Editor Sensilwily| Scnpling|
Housing: Agial Fing [Sv) = | Mounting:
Slot Type: Fotor Ducts:
EPM Fator:

Stator Dims. Data Fotar Dims. Data
Slat Number 18 Pole Number g
Houzing Dia 140 tdagnet Thickness 4
Stator Lam Dia 130 tagnet &rc [ED] 140
Stator Bore an Airgap 1
Tooth "width 7 Banding Thickness 1]
Slat Depth 18 Shatt Dia 28
Slat Corner Radiuz 1] Shaft Hole Diameter |0
Slot Opening 3
Tooth Tip Depth 1
Tooth Tip Angle i}
Sleeve Thickness 1]
Fin Extension 1o
Fin Thickness 2
Fin Pitch/Thick 5
Fin Pitch [Calz] 1o
Corner Cutaut [%] 40
Comer Cutout Add 1]
Plate Height 350
Plate Width 350
Draw plate
Stator Ducts 0 Red raw ‘ 0 o Ease
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Setting the machine losses

The losses of the machine are defined in the losses page as shown below. The default
losses are used in this example. There are different loss models allowing for the losses to
vary with speed, temperature and load.

¥ Motor-CAD v5.3.2.9 (C\workspace\Motor-CAD tutorials\TVent.mot)* (=N oN s
File Options Defaults Editors  Wiew Results Tools Help

?@. Motor Type: Title: Default Motor

Fiadial Cross-Section | Ayial Cross-Section | “winding Editar | Input Data  Schematic | Node Temperatures | Output D ata | Tiansient Graph ‘ Circuit Editor | Sensitivity | Scripting |

| Cooling Dpliunsl Losses | I aterials &W’eighlsl Interface Gaps I Fiadiation | Matural Convection | Through Yentilation I End Space | Transient I Settings I I atenal Pruparlwesl

Loss Variation with Speed: Stall Copper Loss Distribution:
coefld] Speed Dependant Losses @ Equallla=lb=Ic) ) Sinefla’2=Ib=Ig]
Flspeed] = Flinpul] » |: % } Shaft Speed [1pm] 3000 O Bsteplla=lb lc=0)
Single vaiue of Speed[REF] [rpm] 000 Winding Temp Variation with Proximity Loss Distribution:
Percentage “Winding Temperaturs Increase [at Proximity RPRM): a
Component Plinput] | Speed[REF]| coef[A] Wikg Plspeed] Provimity APH 1E4
Copper Loss Variation with Temperature
4 Units Watts pm Wikg Watts Copper Losses Yamy with Temperature
Loss [Statar Copper] 120 3000 0 87.29 120 Winding T emperature at which Peu Input: 20
Loss [Stator Back lon] 30 3000 1.5 16.29 30
Loss [Stator Tooth] 40 3000 15 24.44 40
Loss [Magnet] o 3000 0 0 0 Loss Variation with Temperature & Load:
Loss [H.Dto.r Back \rnn.] o 3000 0 0 0 7] Losses Yary with Temperature & Load
Loss [Friction - F Bearing] 2 3000 1 a 2 Contant Torque or Constant Current
Loss [Friction - R Eearing] 2 3000 1 0 2 @ Constant Torque Constant Current
Loss [windage] 10 3000 3 1] 10
Loss [windage] (Ext Fan] [ 3000 3 i i 120
Power Injected [Endcap Front] 1] 3000 1] 1] 1] a0
Power Injected [Endcap Rear] 1] 2000 1] o o Shaft Tarque [Nm] (@Pou defined) 15
Power Injected [Feet] 1} 3000 a a a
Power Injected [Shaft Active] a 3000 1) 1) 1) chilid
Power Injected [Shaft Front] o 3000 1] 1] 1] 1.543
Power Injected [Shalt Rear] 1] 3000 1] 1] 1] 1
Powser Injected [E'w'dg Front] 1] 2000 1] o o 045
Paower Injected [E'Wdg Rear] 1} 3000 a a a
Fawer Injscted [Plate] [ 3000 i i i -0.0BEE7
Power Injected [widg Outer] o 3000 1] 1] 0 1.5
Power Injected [ES pace Front] o 3000 o a a 3
Power Injected [ESpace Rear] 1] 3000 1] 1] 1]
Losses Notes:
Check Data
Length mm 17 July 2009 www.motor-design.com
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Setting the machine cooling
The machine cooling is setup as shown below.

The wet rotor option must be selected.
The cooling type on the exterior of the housing is specified using the Cooling Type option:

9 Totally Enclosed Non-Ventilated = only natural convection and radiation from outside
of machine.

9 Totally Enclosed Fan-Cooled = air/ fluid is blown over outside of machine.

The External fluid is the fluid on the outside of the machine. The internal fluid is the fluid
blown through the machine.

The fluids and their properties can be created and edited in the fluid data base (Input Data-
>Material Properties->Fluids).

5% Motor-CAD v5.3.2.9 (No File)* =5 [oR(tx=|

File Options Defaults Editors Wiew Results Tools Help

@ Motor Type: Title: Default Motor

Fiadial Crogs-Section | Ayial Crose-5ection | Winding Editar | Input Data  Schematic | Node Temperatures | Output D ata | Tiangient Graph ‘ Circuit Editor | Sengitivity | Scripting |

Cooling Dptions | Losses I M aterialz &W’eighlsl Interface Gaps I Fiadiation | Matural Convection | End Space I ‘wet Rotor I Transient | Settings I Iaterial Prupalliesl

Caoling Opi Edermat-Huid-Bate tnternal-Fluid-Dat
Cooling Type: 5 ©
® Tetaly Enclossd Non'entlated [TENV] (8 otorCAD moce )| | (oot ]
(@ Totaly Encinsed Fan-Cocled [TEFT] Themal Conductivy: 002723 Themal Conductiity, 00
=] Through Wertilation Densily 1127 Density: T
tatar Drientation: Liquid Cocling:
@ Horizortal Housing WaterJacket Cp: 1007 Cp: 1007
_ X Kinematic: Wiscosity: 1.689ES Kinematic: Viscosity: 1.6B3E-5
() Wertical [Shaft Up)
= Dynamic Yiscosity: 1.904E-5 Dynamic Yiscosity: 1.904E-5
() Vertical [Shaft Down)] Fiotor Wwater Jacket
[T Slot water Jacket Pr - Prandtl Humber: 0.7039 P - Prandtl Humber: 07033
Miscellaneous Data: Cooling Options Notes:
Ambient Temperature (Convection) 40 Type in user notes here
Ambient Temperature [Fadiation]: 40
Shaft Speed [rpm] 3000
Lamination Stacking Factar [Stator]: 0.97
Lamination Stacking Factar [Fotor]: 0.97

Fixed Temperatures:

[ Fized Plate Temperature 100
Fixed Baze Temperature 100
[ Fized Shaft[F] Temperature 100
|| Fized Shaft{R] T emperature 100
[ Fized Endcap(F] Temp. 100
[ Fixed EndcaplR] Temp. 100 c heck Data

Length (-55.40,79,68) mm 17 July 2009 www.motor-design.com
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The Wet rotor settings are defined by setting the options shown below. In this case the
default model settings are used and the fluid is changed to water.

a Motor-CAD v5.3.2.9 (Mo File)™
File Options Defaults Editors View Results Tools Help

@@ Motor Type: Title: Default Motor

Fadial Cross-Section | Azial Cross-Section | “Winding Editor | Input Data  Schematic | Node Temperatures | Output D ata | Transient Graph ‘ Circuit Editar | Sengitivity | Seripting |

| Cooling Options | Losses I I aterialz &W’elghtsllntarfaca Gaps I Radiation | Matural Convection | End Spacal ‘wiet Rotor ‘ Transient | Settings I f atenal Prnpamesl

Fluid D ata: Fluid Properties: Fluid Yelocity in Airgap: Wet Fotor Flow Path: .
Inlet Temperature: 40 [W’aler v] hlwet Ratar] Welocity S election: (@ Front Inlet () Central Inlet
() h based on Axial Fluid Yelocit © Rear Inkst © Contral Dullst
Fluid Yolume Flow Rate: 0.3533 Tl Lorauch by U.Dead ) Y et Rotor [nlet/Outlet Pogition:
(@) h based on Effective Fluid Yelocity Eront:_ Fiear: X
Density: 9323 (@) Awial @ Axial
Fadial Fiadial
Cpe 4178 Shaft Speed [rpm| 3000 - hada - nadal
. o Fluid Flaw:
Kinematic Viscosity: £.59E-7 Axial Velocity Multiplier 1 [ Slot wedge Fluid Flow Flow Rt
D ; ow Rate
Dynamic Yiscosity: 0.0006539 : . 002418 [7] Coil Divider Fluid Flows
Al feloity: Slot Wedge Flow Adjustment: 1 0
Pr - Prandtl Number: 4383 Peripheral Yelocity: 5126 Coil Divider Flow Adjustment: 1 1]
Effective Velocity 6126 Gap Flow Adjustment, 1 03593
Input hlinput] Local Local Re
Component I:J'? Convection Comrelation or Velocity Fluid Number *Relcrit) h Notes
) h[adjust] | Multiplier | Velocity
» Units Wim2/C pu mis 4 W/ m2/C
Statar Bare r Channel Carrelation [Turbulent] 1 1 E.126 1.859E04 BG4 35093
Fiotor Surface r Channel Carelation [Turbulent] 1 1 E126 1.853E04 BE4 35893
E'wdg Bore [F] r Channel Camelation [Turbulent] 1 1 1.963 1.78E05 E35E 82808
Shaft [F] r Channel Corelation [Turbulznt] 1 1 1.963 1.78E05 6356 B280.8
E'w/dg Bore [R] r Channel Carelation [Turbulent] 1 1 1.963 1.78E05 E35E 82808
Shaft [R] r Channel Camelation [Turbulent] 1 1 1.963 1.78E05 E35E 82808
Length mm 17 July 2009 www.motor-design.com
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The flow velocities and heat transfer coefficients are calculated by Motor-CAD as shown
below.

£ Motor-CAD v5.3.29 (No File)
File Options Defaults Editors View Results Tools Help

@@ Motor Type: Title: Default Motor

Fadial Cross-Section | Azial Cross-Section | “Winding Editor | Input Data  Schematic | Node Temperatures | Output D ata | Transient Graph ‘ Circuit Editar | Sengitivity | Seripting |

| Cooling Options | Losses I I aterialz &W’elghtsl Interface Gaps I Radiation | Matural Convection | End Spacal ‘wiet Rotor ‘ Transient | Settings I f atenal Prnpamesl

Fluid D ata: Fluid Properties: Fluid Yelocity in Airgap: Wet Fotor Flow Path: .
Irlet Temperatire: a0 [W’aler v] h[wet Rotar] Yelacity S election: (@ Front Inlet () Central Inlet
() h based on Axial Fluid Yelocit © Rear Inkst © Contral Dullst
Fluid Yolume Flow Rate: 0.3533 Thermal Conductivity: 06233 ) Y et Rotor [nlet/Outlet Pogition:
(@) h based on Effective Fluid Yelocity Eront:_ Fiear: X
Density: 9323 (@) Awial @ Axial
Fadial Fiadial
Cpe 4178 Shaft Speed [rpm| 3000 - hada - nadal
. o Fluid Flaw:
Kinematic Viscosity: £.59E-7 Axial Velocity Multiplier 1 [ Slot wedge Fluid Flow Flow Rt
D ; ow Rate
Dynamic Yiscosity: 0.0006539 : . 002418 [7] Coil Divider Fluid Flows
Al feloity: Slot Wedge Flow Adjustment: 1 0
Pr - Prandtl Number: 4383 Peripheral Yelocity: 5126 Coil Divider Flow Adjustment: 1 1]
Effective Velocity 6126 Gap Flow Adjustment, 1 03593
Input hlinput] Local Local Re
Component I:J'? Convection Comrelation or Velocity Fluid Number *Relcrit) h Notes
) h[adjust] | Multiplier | Velocity
» Units Wim2/C pu mis 4 W/ m2/C
Statar Bare r Channel Carrelation [Turbulent] 1 1 E.126 1.859E04 BG4 35093
Fiotor Surface r Channel Carelation [Turbulent] 1 1 E126 1.853E04 BE4 35893
E'wdg Bore [F] r Channel Camelation [Turbulent] 1 1 1.963 1.78E05 E35E 82808
Shaft [F] r Channel Corelation [Turbulznt] 1 1 1.963 1.78E05 6356 B280.8
E'w/dg Bore [R] r Channel Carelation [Turbulent] 1 1 1.963 1.78E05 E35E 82808
Shaft [R] r Channel Camelation [Turbulent] 1 1 1.963 1.78E05 E35E 82808
Length mm 17 July 2009 www.motor-design.com
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Viewing the results
The power removed from the machine by the wet rotor fluid from airgap, end windings and
shaft is shown in the steady state schematic.

¥ Motor-CAD v5.3.29 (No File)* [=lfE s

Eile Options Defaults Editors View Results Tools Help

@@ Motor Type: Title: Default Motor

Fadial Cross-Section | Azial Cross-Section | *Winding Editar | Input D ata ‘ Schematic  Mode Temperatuies | Output D ata | Transient Graph ‘ Circuit Editar | Sengitivity | Seripting |
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The node temperatures can also be viewed on the radial and axial cross sections as shown
below.

£ Motor-CAD v5.3.29 (No File)* =2 [Eom|F>=|

File QOptions Defaults Editors View Results Tools Help

@ Motor Type: Title: Defaut Moter

Radial Cmss—SecliDn| Awial Cross'Section| Winding Editor| \nputDala‘ SChematic‘ Mode Temperatures  Output Data | Transient Graph | Circuit E ditor Senswtivily‘ Scnpting|

Radial | Axial
Mode Display
Node:
() Label
@ Temperature
() Delta Temperature
[ Select/Deselect Al Modes
MNode Name | Temperature [C] | Display |
13 “winding [Max] 523 v
| | ‘wiinding [Av] 49.0 Iv
“Winding [tin] 476 v
[ Housing 46.8 v
| | StatLamBack Iron 47.3 v
|| StatLam Tooth Mid 46.7 v
| | Stat Surface 44.8 Iv
Rot Surface 44.8 v
b agret 44.8 v
| | Rot Lam ‘r'oke 44.7 Iv
|| Shaft Centre 4.7 v
Mid_AiGap 447 v
Length mm 17 July 2009 www.motor-design.com
13 Motor-CAD v53.2.9 (No File)™ =0 Eh( ==

File Options Defaults Editors View Results Tools Help

?@ Motor Type: Title: Default Motor

Radial Cmss-SecliDn| Buial Cruss-SEctiUn| ‘winding Editur| \npulDala‘ SChEmatiC‘ Mode Temperatures  Output Data | Transient Graph | Circuit E ditor Sens\livily‘ Scnpting|

MNode Display

Node:

) Label

() Temperature

@ Delta Temperature
[] Select/Deselect All Modes

MNode Mame | dT [C] \ Digplay \

3 Hausing K] Iv
[ Housing OH_F B4 v
| | Housing_F E.1 Iv
|| ECap_F 55 v
[ Housing OH_R E7 v
| | Housing_R E7 Iv
|| ECap R E7 v
|| StatLamEBack Iron 7.3 [v
| | StatLam Tooth Mid B7 Iv
|| Stat Surface 45 v
| | Aot Surface 4.8 Iv
|| Magnet 48 v
[ Fat Lam Yaoke 4.7 v
| | Shaft Centre 47 Iv
| Shaft_F EE ~
o Shah R &0 W
| | Shaft OH_F 16 Iv
|| Shaft OH_R 7.0 v
|| Fotor ES_F 43 v
|| Rotar ES_R EE v
o WR_F 15 ~
N WR_R 70 v
| Evwidg F 26 ~
o Ewdg R 74 W
| | Bearing_Front 93 Iv
|| Beating_Rear 123 v
| | ‘winding [Average] 10.2 v
|| Plate 54 v
[ Mid_AirGap 47 v

Length (-96.14,63.02) mm 17 July 2009 www.motor-design.com
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The wet rotor fluid dissipation values are shown in the output data sheet as shown below.

£ Motor-CAD v5.3.2.9 (Mo File)*
File Options Defaults Editors View Results Tools Help
E] @ Motor Type: Title; Default Motor
Radial Cross-Section | #Aial Cross-Section | “winding Editar I Input Data | Schematic | Mode Temperatures II Dutput Data  Transient Glaphl Circuit Editor | Sensitivity I Script\ngl
Temparalulel Losses | Heat Transfer Coeff I Thermal Resistance | Themal Capacitance | End Space I Miscellaneous [1] I Mizcellaneous [2]|
Variable Value Units Variable Value Units

B | Loss [Statar Copper] 120 Wi atts B | Loss [Statar Copper] @T wii/p) 162.7 Wi atts
Logs [Stator Back Iron] 30 Wiatts Logs [Statar Tooth] @T mlifp] 37.59 Wiatts
Loss [Stator Tooth] 40 Watts Loss [Magnet] @Tmli/p) 1] Watts
Loss [Magnet] 1] Wty Loss [Rotor Back Iron] @T mlidp) 1] Wty
Loss [Rotor Back lion] 1] Walls Loss [Airgap Banding] &Tmli/p) 1] Walls
Loss [Airgap Banding] 1] Walts Loss [winding Sleeve] @Tmli/p) 1] Walts
Loss [winding Sleeve] 1] ‘latty ‘winding Temperature - Tw(i/p) 120 C
Loss [windage] 10 ‘latty T [Active Winding Average] 50.13 C
Loss [windage] [Ext Fan) 1] Watty T [End Winding Awverage] 4761 C
Lasz [Friction - F Bearing] 2 Wi atts T [Winding Average] 48.99 C
Lassz [Friction - R Bearing] 2 Wi atts Magnet Temperature - Tmli/p] &0 C
Losz [Copper Layer = 1] 14.5 Wi atts T [Magnet] 44.75 C
Losgs [Copper Layer = 2] 13.89 Watls Shalt Torgue [1pu] 15 Mm
Losgs [Copper Layel ]| 13.27 Walls Shalt Torgue [Required] 158 MNm
Losgs [Copper Layer = 4] 12.64 Walls Torgue Constant 1.843
Loss [Copper Layer = 5] 12.02 ‘latts Torgue Current Multiplier 1
Loss [Copper Layer = B] 11.39 Walts Rph @Twii/p] 0.45 ohms
Loss [Copper Layer = 7] 10.76 ‘latty Rph 0.3593 ohmz
Loss [Copper Layer = 8] 1012 ‘latty Rph 20C 0323 ohmz
Loss [Copper Layer = 9] 8.326 Watts RS Torque 31.85
Loss [Copper Layer = 10] 6.547 Wi atts RMS Torque [pu] 2123
Loss [Copper Layer = 11] 4,165 Wi atts Prawirmity "w/inding Resistance Multiplier 1
Loss [Copper Layer = 12] 1.779 Wi atts Flux Fatio 1.042
Loss [Total] 204 Watls Mechanical Loss @1 m[i/p] 73.78 Watls
Diszipation [Front E'wdg Bore] 72,36 Walls Mechanical Loss 84 Walls
Diszipation[Shaft Front] 3733 Walls Torgue Loss 0.2674 MNm
Fluid Diszipation[E Space F) 7E.09 Walts Et Torgue @Tmli/p) 15.28 MNm
Dissipation [Stator Bore] 78.98 ‘latty EM Torque 15.27 Nm
Dissipation[Rotar Surface] 484 ‘latty Iph [1pu] 8114 Amps
Dissipation [Rear E'w/dg Bore] 2887 Walts Iph @Twl(i/p] & Tm(i/p] 10.58 Amps
Dissipation[Shaft Rear] -0.9356 sty Iph 10.54 Amps
Fluid Diszipation[E Space F] 76.09 Wi atts
Fluid Diszipation [Airgap] 83.82 Wi atts
Fluid Diszipation[E Space A] 27.92 Wiatts
AT = e O TC o 2% m
Diszipation - Active Housing [Rad] 2196 Walls
Dissipation - Fronk Housing [Can] 07234 ‘alls
Dissipation - Front Housing [Rad] 1.261 ‘latty
Dissipation - Rear Housing [Con] 0778 ‘latty
Dissipation - Rear Housing [Rad] 1.323 ‘latty
Dissipation - Front Endeap [Con] 0.08067 Watty
Dissipation - Front Endcap [Flad] 01379 Wty
Diszipation - Rear Endcap [Con) 0.5075 Wi atts
Diszipation - Rear Endcap [Rad] 0.7586 Wi atts
Diszipation - Plate [Con] 3.624 Watls
Diszipation - Plate [Rad] 3479 Walls
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Transient Analysis

Transient analysis can also be performed on this model. Full details of the transient analysis
options and method of calculation are given in the transient analysis tutorial.

ﬂ Motor-CAD v5.3.2.9 (Mo File)*
File Options Defaults Editors View Results Tools Help

@ Motor Type: Title: Defaut Motor

Radial Crass-Section | Axial Cross-Section | ‘winding E ditor | Input Data | Schematic ‘ Node Temperatures | Output Data ‘ Transient Graph  Circuit Editor | Sensitivity | Seripting |

Setup | Data | Graphs
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