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Agenda

NEVS Company Introduction
CFD Department at NEVS

Aerodynamic Simulation Process
Design Exploration of an Air Duct
Battery Thermal Management
Climate Comfort

ED-Coating Process
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National Electric Vehicle Sweden AB

- 2012
« Acquiring the assets of Saab Automobile

« Shape mobility for a more sustainable future

 Developing Premium Electric Vehicles

* Providing Mobility Services

SAAB "ursaab”

NEVS InMotion Concept
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Next generation NEVS Connected Mobility
T—HRNEVSZEBLH HAT

Sustainability awareness and enabling technologies of the connected society challenge automotive norms. Al 742 4& BT B
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This allows NEVS to design innovative products and ownership models, with agility. ZXHESENEVS 7] L R #5110l 81 7=
rn DA T A AR 2,

e

Solutions for Ownership Solutions for Sharing Solutions for Goods and
and Exclusive Sharing Society Services
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CFD Department at NEVS

i
Mohammad El-Alti
Supervisor CFD & Aerodynamics

: ; - -

Kaixiang Dal | Zongyao Wan@Kristian Abdallah | Wenting ihou | Jingxiang WanggJonas Gunnarsson | Zhenhua Kang

Engineer CFD & Modelling Engineer CFD & Aerodynamics Engineer CAE Simulation

Battery Thermal Management External Aerodynamics Thermal Simulations on System Level
Climate comfort Underhood Thermal Management 1D CFD




Siemens Simcenter Nordic Conference

Aerodynamic Simulation Process
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Presentation title \/\/‘ TC

Speed (km/h)

140 : . .

WLTC LOSS DISTRIBUTION WLTC speed distribution
AuUXx _Friction brake 120
EM+inv
100
80
60
transmission
40
Aero. Drag 20
0 l
0 500 1000 1500 2000
——Ilow phase ——medium phase high phase  ——extra high phase
Time ()

Roadloss

* Dynamic cycle, < 4% in constant speed

e Divided into 4 phases
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Phoenix E D SUV Aerodynamics

The aerodynamics and CFD Process

Comparison between process timings in the TS project

| o Old SAAB <2010
Time [h] early NEVS 2012-2015 NEVS 2016 NEVS 2017
120 - }
120
100
0% Design = Mesh Solver
80 m Manual odel ~— 46 min
Semi- |
60 Computer 76% 100% defg'ed 1h:02 min
" Tot: 146h Tot: 37h Tot: 6,bh Detaled 6h:30 min
s 8
0,05

Setting up
governing Solving
physics

CAD from
Teamcenter preparation

Post-

WiesTiie Analysis &

Presentation

processing

Time consuming  Time consuming Time consuming  Time consuming  Time consuming
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Presentation title

-xternal Aerodynamic Simulations
— Next Step for NEVS: DES Modelling

Solution Time 0.001 (s) - Solution Time 0.001 (s)




) Ongoing development: CFD process

V Y SIEMENS Ja"a
TEAMCENTER
r\/|icros‘ol‘t2';J16
Microsoft h ’:> ket
Excel 2016
STAR-CCM+’
*Focus man time here to
become innovative”
Parameterize the CAD and set up
control point on surface
. - "Run CFD of hundreds of design
AdJO'“t th|m|zatl|on Sqlver candidates HEEDS® MDO automates
to identify potential regions the design exploration process
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Design

—xploration of an Air
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Design Exploration of an Air Duct

NX H 2- - o EWindow~ = NX 10 - Modeling - [AirDuct.prt (Modified) ] SIEMENS _ O X
VARE UV IREN
Home  Curve Analysis View Render Tools Application STAR-NX |NJ( 10 - Modeling - [Ai'f)u:_‘t.pr‘t(wvmdiﬁea‘” X
Bé Units System BB Transfer CAE Model i Surface Mesh - I I A \
wonoe g3 7w B ele
% Solution Controls w# Check Model for Errors [l Volume Mesh _ + | N 1 |
Preferences Build Export © Design Transfer
&7 Clear Al and Run v Data "Geometry'
Settings ~ |Preferenc.. - Model - Mesh - Solution - |[Export - Desi. v,&eumetry !l .
\ \
~N 7/ ~N 7/
AirDuct
=& Geometry
- [@ 3D-CAD Models
H- & Parts
. . =& CAD Client Models
Design exploration process B4 AirDuct.prt
. Coupling Star-NX < Star-CCM+: [l L) Remote CAD Client Seftings
. . . [=l- & Design Parameters
1. Parameters of interest selected in Design Data (Star-NX) . “2 AirDuct.prt\p8s
9. Geometrytransferred to STAR-CCM+ 1 :?rg“gtt-Pi:ng
. . AU S R o 133 AirDuct.prt\p
3. CAD client model in STAR-CCM+ contain full accessto STAR-NX L. = AirDuct.prt\p207
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----- 133 AirDuct.prt\p265
---- 133 AirDuct.prt\p288
----- 133 AirDuct.prt\p353
----- 135 AirDuct.prt\p355
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Design Exploration of an Air Duct

Purpose:
* Theductis usedto guide cooling airflow from the main HVAC system to the compartment

Objectives:
*  Minimize pressure drop
e Increase flow uniformity
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Design Exploration of an Air Duct - Results

Agent_Group_1: History 7

star Image - Design 1: /users/.../Designl/star/Vecl &=

Pressure_Drop_1
= [ =
o | nd N

o

Optimization | oop

e« 2b0designsetsin 19 hours B P e s wat |

— Pressure drop reduced by 6% issisnlb
— Surface uniformity improved by 15.2%

o
w0
wn
J

ty_1
o
o o
w w
Ll

e
@

[P T SR FR TNl AT N

Surface Uniformi
g
v

o
~

0.65

e e e S
50 100 150 200 250 300
Design ID




Siemens Simcenter Nordic Conference

Sattery [ hermal Management
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Battery Thermal Simulations

The battery pack is the heart of an electric vehicle
e Powers the propulsion and determines the driving range

Extreme ambient temperatures
 Performance
e Safety

e Lifecycle of lithium-ion batteries (LIB).

e

Heating and cooling of cells

Source: dc-ts.com
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Battery Simulation Scopes

Cooling plate design
* Flow optimization and minimization of
pressure drop

Analysis of temperature distribution

* Minimize the overall temperature deviation
over the modules
Temperature (C)

Power input for maintaining RESS temp
e Studying thermal insulation and minimizing
loss of energy
41.2 42.8

RESS- Recyclable Energy Storage System
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Sattery Thermal Modelling: BDS & BSM

- Couple battery cell design with complete thermal simulations of the RESS Package
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Local Temperature thermal
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terative Process the entire system

Battery Thermal Modelling Process
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Cabin Air Quality Levels

- Ensuring driver and passengers clean fresh air

Air pollution is a major issue in big cities as it impacts human health

« Tiny particles, known as PM2.5, penetrates deep into the lungs and damages cells
« PM2.b — Particulate Matter (PM) with particle diameter < 2.5 um

Regulation:
Average PM2.5 < 50 pug/ms3

A cabin air filter is able to prevent the PM2.5 from entering the compartment

e Supplying clean fresh air to the driver and passengers

PM2.5 trend in Beijing from 2016-01 to 2018-04

Jan 2016 e ]
T S e S
Mar 2016 e 5
s I—

May 2016

Jul 2016 e e | ]
|
Sep 2016 . ]

Nov 2016 1 e (5

Jan 2017 e I .
1 E—
Mar 2017 e e CED is used to evaluate
S
May 2017 | 1 I H H
o R —— the a|rf||ter perfOI’mance
Jul 2017 1 I |
... |
Sep 2017 . s
[ |
Nov 2017 0 s W
0 Y A
Jan 2018
e I
Mar 2018  |— )
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
I 1-50 51100 [0 101-150 M 151-200 M 201-300 [ 301-400 M 401-500 M Over 500

Source: aqgicn.ora
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Cabin Air Quality Simulation Model

Cabin Condition

e Dirty air (PM2.5 = 800) initially in the cabin
* Fresh air (PM2.5 = 30) at HVAC ducts

Physics
* Transient condition
* Turbulence Model; SST k-omega
e Multi-component gas

Initial dirty air quality in the cabin

Va/ N
\ ¥ i

Front Floor Ducts

' Mid Console Duct

”l ‘- =;“ | == ==/ AN

hs
A —

B Rear Floor Ducts
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PM2.5 Concentrations Over Time | v
"
o &

Solution Time 60 (s)

Solution Time 0.4 (s)

PM2.5 Concentrations at Probes

800
7501
7001
6501
6001
550

LA 500

- 450

S 400

Q- 350
3001
2501
2001
150]
100]

50]

Driver Monitor
F_passenger Monitor
RL_passenger Monitor
RM_passenger Monitor
RR_passenger Monitor

—PM2.5_|
PM2.5_
PM2.5_|

—PM2.5_|

—PM2.5_

Solution Time 100 (s)

Time (s)

PM2.5
30 140 250 360 470 580 690 800

After 100 seconds, the PM2.b concentration reached a stabilized value of ~30 pug/ms3
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PM2.5 Concentrations Over Time

Solution Time 0.5 (s)

PM2.5

30 184 338 492 646 800
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—lectro-Deposition Coating

| B

i \\\
T

Solution Time 1 (s) _—
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Electro-Deposition Coating CFD Simulation Process

~lectro-Deposition
Modelling

With CED simulations these
iIssues can be located and solved
early in the process

Common issues of different ED process stages: | N T o
1. Dip-In. ED Coating: deposition of a chemical thin film

— to rustproof the BIW structure

 Complex geometry — Air bubbles may remain inside
the bath
2. Electro-Deposition.
e Areas with no coating due to remaining air
3. Dip-Out.
e Excessive drainage time - Small sizes and/or bad
placements of drainage holes.




Physics Modelling

N |

—lectro-Deposition Modelling

=V mos Overset Mesh

Electro-Deposition Coating CFD Simulation Process

1.

VOF Model — Dipping in/out stage

Predicts and captures the interactions and movement between air and liquid phases

9. Electrodynamic Potential Model - Coating stage

Electric potential is applied to the anodes
User defined surface resistance is applied at the cathode (the BIW surface)

3. Electro-Deposition Coating Model — Calculates surface resistance during coating.

Increase of surface resistance leads to increased coat layer thickness
And after some time it will be saturated and reach maximum thickness.

Liquid level

Anodes
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resentation title

~lectro-Deposition Simulation on a Hood

Solution Time 1 (s)

Solution Time 1 (s)




Paint Layer Thickness (um)
18.7
!18.6
18.4

18.3
18.1
18.0

N E VS moms

Electro-Deposition Coating CFD Simulation Process

Quter Panel

Underpanel

~lectro-Deposition Simulation on a Hood

Reinforcements with Screws

Paint Layer Thickness (um)

15.0

-14.0

13.0

12.0
11.0
10.0







