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AIT Austrian Institute of Technology

= Owners

= 50.46% Republic of Austria
BMVIT Federal Ministry for Transport, Innovation and Technology

= 49.54% Federation of Austrian Industries
= Employees: 900 plus 200-250 on contract basis, thereof 95 PhD students

= Financial Goal: 30% Cooperative Research, 30% Contract Research, 40%
Basic Funding

= Total Operating Income: 118,8 Mio. Euro
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Outline

= [ntroduction
= Why CFD is needed?
= How?
= SyrNemo European Project

= Numerical model description

= Simulation Results

= EUNICE European Project
= Conclusion
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Introduction, why we use CFD?

» High specific power densities of the air-cooled electric drives

E.g., In-wheel solution where a
careful and accurate design of
the cooling fins and system layout
Is essential

Alessandro Zanon | Scientist, Mobility Department, Electric Drive Technology S
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Introduction, why we use CFD?

» High specific power densities of the air-cooled electric drives
» Highly complex 3D flow due to installation effects

J

Simplified approach cannot be
used due to inaccuracy
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Introduction, why we use CFD?

» High specific power densities of the air-cooled electric drives
» Highly complex 3D flow due to installation effects

L

CFD can offer a valuable support to
design and test cooling concept in
realistic working condition
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Introduction, how?

Why 3D CFD:
» High specific power densities
» Highly complex 3D flow

How:
» Affordable mesh sizes

U

Complexity of the geometry and
domain size can lead in huge

mesh
b

Careful control of the mesh
resolution
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Introduction, how?

Why 3D CFD:

» High specific power densities
» Highly complex 3D flow

How:
» Affordable mesh sizes

» Highly automatization of mesh
generation

U

Many different solutions have
to be tested (not just optimization)

U

Highly automatized workflow
from the CAD to the CFD mesh
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SyrNemo project

= We are an international consortium of eight partners employing more than 15,000
people and we have built innovative electric drives for years.

= We are part of the automotive industry and we are actively involved in the
international R&D community as well as in standardization bodies.

= Together we develop an innovative synchronous reluctance machine (SYRM)
with higher power density and higher driving cycle efficiency at lower cost than
state-of-the-art permanent magnet (PM) synchronous machines for automotive
traction drives.
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Numerical model

Numerical domain

= Half vehicle modelled (symmetry) = Solid parts included (aluminium):
a = Motor external shell
i = Inverter heat sink
////
y
>
6 car
8 cars length
- 4 cars length
‘;

5 cars Widt?
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Numerical model

Mesh generation details

= 10 prismatic layers for the car bodyworks (Automatic inflation)
=  Sweeping technique for the fins (instead of automatic inflation)

J

This allows high control of the number of layer between in the fins (both in the solid
and in the fluid region) and to limit the number of cells of the numerical model.

Fins
Solid
Motor Shell
e mul""“
Symmetry
Plane

2" Solid 1t Fluid 1% Solid
Fins region Finsregion Finsregion

Fluid Region
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Numerical model

Mesh Generation workflow, Ansys Workbench

= The solid/fluid domains are modelled by
using Ansys DesignModeler.

= Meshed with Ansys Meshing.

= Mesh converted to polyhedral.
= Solver: Ansys Fluent
= Post processing with Ansys CFDPost

]

Change in the design requires a minor
interaction of the user to evaluate the new
performance

Alessandro Zanon | Scientist, Mobility Department, Electric Drive Technology 10
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Numerical model

Side Wall

Boundary Conditions, fluid & solid

Predesign, only motor (no inverter)
= Car speed = 38 km/h

= Side wall: 0 W Qo
= Circular wall: 1352 W -
Inverter integration:

= Car speed =38 km/h

= Sidewal: 0 W Fins Wall
= Circular wall: 1352 W

= Fins wall =588 W

Final design: .
= Car speed = 33.6 km/h

= Side wall: 190 W M“

Circular Wall

‘‘‘‘‘

= Circular wall: 760 W Fins Wall ——=2
= Fins wall = 588 W
Fluxes imposed as computed by using 1D model Circular Wall |[Satily

Alessandro Zanon | Scientist, Mobility Department, Electric Drive Technology 11
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Predesign

= Power electronic not included
= Cylindrical fins distribution, aligned with the air flow

Design driven by Reducing
impact of the e-drive on the
car bodywork

Motor circular wall:
= Max temperature = 81°C
= |nternal maximum AT = 17°C

0.350 0.700 {m}
1
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Predesign

= Power electronic not included
= Cylindrical fins distribution, aligned with the air flow

Design driven by Reducing
impact of the e-drive on the
car bodywork

1 pe A d
12.0 . LS
8.0 /
4.0
0.0 L

[km hr?-1] &

Motor circular wall:
= Max temperature = 80°C
= |nternal maximum AT = 16°C
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Predesign

= Power electronic not included
= Cylindrical fins distribution, aligned with the air flow

Design driven by Reducing
impact of the e-drive on the
car bodywork

Motor circular wall:
= Max temperature = 93°C
= |nternal maximum AT = 25°C
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Numerical model

Boundary Conditions, fluid & solid

Predesign, only motor (no inverter)
= Car speed = 38 km/h

= Sidewall: 0 W

= Circular wall: 1352 W
Inverter integration:

= Car speed = 38 km/h

= Sidewall: 0 W

= Circular wall: 1352 W
* Finswall =588 W
Final design:

= Car speed = 33.6 km/h
= Side wall: 190 W

= Circular wall: 760 W

= Fins wall =588 W

Fluxes imposed as computed by using 1D model

Alessandro Zanon | Scientist, Mobility Department, Electric Drive Technology
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Inverter integration

= Commercial heat sink placed different positions

= Considered both Thermally connected and
disconnected to the electric motor

Fins Wall:

= Max temperature = 111 ° C
Motor circular wall:

= Max temperature = 93 ° C

= Internal maximum AT = 23.5° C

Temperatures above the maximum
allowed

Alessandro Zanon | Scientist, Mobility Department, Electric Drive Technology 14
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Inverter integration

= Commercial heat sink placed different positions

= Considered both Thermally connected and
disconnected to the electric motor

Fins Wall:

= Max temperature =97 ° C

Motor circular wall:

= Max temperature =99 ° C

= Internal maximum AT = 25.5° C

| Temperature
Motor

| e

88.0
84.5
81.07
47548
" 740 1B
705
67.0
63.5 I
60.0

[C]

Temperatures above the maximum
allowed
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Inverter integration

= Commercial heat sink placed different positions

= Considered both Thermally connected and
disconnected to the electric motor

Fins Wall:

= Max temperature =99 ° C

Motor circular wall:

= Max temperature =99 ° C

= Internal maximum AT = 25.5° C

Temperatures above the maximum
allowed
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Numerical model

Boundary Conditions, fluid & solid

Predesign, only motor (no inverter)
= Car speed = 38 km/h

= Sidewall: 0 W

= Circular wall: 1352 W

Inverter integration:

= Car speed =38 km/h

= Sidewall: 0 W

= Circular wall: 1352 W

= Fins wall = 588 W

Final design:

= Car speed = 33.6 km/h

= Side wall: 190 W

= Circular wall: 760 W

* Fins wall =588 W

Fluxes imposed as computed by using 1D model

Alessandro Zanon | Scientist, Mobility Department, Electric Drive Technology

November 9" and 10, 2015
Tech Gate Vienna

AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

Side Wall N

Circular Wall ==

Fins Wall

Side Wall

Fins Wall

Circular Wall

15



-
November 9" and 10", 2015
A | 2Sees - ienn AI I
3 S _ Tech Gate Vienna AUSTRIAN INSTITUTE
= 4

Final design

= Increased compactness of the E-drive system

= Fins designed to have higher area of exchange in the
low flow velocity regions: reduced DT between front
and back of the motor

= High thermal inertia to reduce invert temperature
peaks under severe unsteady loads

= Efficient fans integration for boosting/supply
cooling flow

ke
90.0
86.0
82.0
78.0
740
70.0
66.0
62,0
58.0
54.0

50.0
G

Fans
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Final design

WP1, running car

Fins Wall:

= Max temperature = 83° C
Motor circular wall:

= Max temperature =73 ° C

= |nternal maximum AT = 7° C

Standing car, cooling fans on
Fins Wall:

= Max temperature =87 ° C
Motor circular wall:

= Max temperature =57 ° C

= |nternal maximum AT = 4° C

anananan

Temperatures below the maximum
allowed

Alessandro Zanon | Scientist, Mobility Department, Electric Drive Technology

17



Eco-design and Validation of In-Wheel Concept

for Electric Vehicles
Project acronym: EUNICE

Grant agreement no.: 285688
Call: FP7-2011-GC-ELECTROCHEMICAL-STORAGE

WwWw.eunice-project.eu

Main Objective: Design, Development and validation of a complete motor in wheel.

* Analytical and experimental evidences will be generated by the SEVENTH FRAMEWORK
EUNICE consortium to demonstrate the feasibility of the solution PROGRAMME
on an existing B segment vehicle.

« Expected technology readiness Level 6, with demonstrated Wit
engineering feasibility of the solution. il

European
Commission

PARTNERS
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© Copyright EUNICE Project 2012. All rights reserved

FP7 SEVEN FRAMEWORK PROGRAMME THEME: GC.NMP.2011-1, GC.SST.2011-7-7, ICT
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EUNICE cooling concept design

Tasks:
» Development of detailed CFD model for cooling concept design
» Define fins distribution and orientation to meet temperature constrains

© Copyright EUNICE Project 2012. All rights reserved
FP7 SEVEN FRAMEWORK PROGRAMME THEME: GC.NMP.2011-1, GC.SST.2011-7-7,
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EUNICE cooling concept design

Tasks:

» Development of detailed CFD model for cooling concept design

» Define fins distribution and orientation to meet temperature constrains

» Define required cooling channel in the car bodywork to evacuate heat generated

Emotor Gearbox
Finned Shells Finned Shells

Inverter
Heatsink

1
Alternatives to improve
the FLOW of AIR:

Active wheel
Deflector/Vane
Fan (standstill case)

© Copyright EUNICE Project 2012. All rights reserved

FP7 SEVEN FRAMEWORK PROGRAMME THEME: GC.NMP.2011-1, GC.SST.2011-7-7, ICT
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EUNICE results

» Design and evaluation of different cooling channels

© Copyright EUNICE Project 2012. All rights reserved
FP7 SEVEN FRAMEWORK PROGRAMME THEME: GC.NMP.2011-1, GC.SST.2011-7-7, ICT
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EUNICE results

» Design and evaluation of different cooling channels
» Fins geometry/distribution design and temperature evaluation of components

0.075 0.225

© Copyright EUNICE Project 2012. All rights reserved

FP7 SEVEN FRAMEWORK PROGRAMME THEME: GC.NMP.2011-1, GC.SST.2011-7-7, ICT
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EUNICE Prototype

In-wheel motor and car

i
/]
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Conclusions

» How we are using Numerical Simulations to design Air Cooled Electric Drive

= Change in the design requires a minor interaction of the user to evaluate the
new performance

DesignModeler Meshing Solver Post

g

= High control of the mesh resolution to reduce computational burden allowing a
realistic fluid flow prediction.

27 Solid 1%t Fluid 1%t Solid
Fins region Finsregion Finsregion
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Conclusions
» How we are using Numerical Simulations to design Air Cooled Electric Drive

» Speed up the design and virtually test the cooling concept for two air cooled
electric drives:

SyrNemo: Innovative synchronous
reluctance machine.

EUNICE: Validation of In-Wheel drive
concept.

Alessandro Zanon | Scientist, Mobility Department, Electric Drive Technology 22
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