European GT Conference 2016

Prediction of Engine Warm-up and Fuel
Economy utilizing GT 0 s
Customized FE Cylinder Structure Objects

Uliana Bryakina
Gerald Seider

Frankfurt, October 16, 2016

T O e

InDesA GmbH - CarlZeissRing 19a - D-85737 Ismaning - Phone +49 (89) 552 7978-10 - Fax +49 (89) 552 7978-29 - www.InDesA.de



INTEGRATED

DESIGN I n i‘ )
ANALYSIS |
GmbH

Consulting,
Engineering Services &
Virtual Bench Testing

U Simulation and Design Analysis of
complex systems for engineering
and industrial applications

A fluid flow, hydro-/aerodynamics
A heat transfer, thermal
management

air-borne acoustics, sound
design

>

InDesA GmbH - CartZeissRing 19a - D-85737 Ismaning - Phone +49 (89) 552 7978-10 - Fax +49 (89) 552 7978-29 - www.InDesA.de



INTEGRATED
DESIGN
ANALYSIS
GmbH

Consulting,
Engineering Services &
Virtual Bench Testing

U Simulation and Design Analysis of
complex systems for engineering
and industrial applications

A fluid flow, hydro-/aerodynamics

A heat transfer, thermal
management

A air-borne acoustics, sound
design

u Virtual Performance and
Functional Testing for automotive
accessory units

Heat Transfer Rate [kW]

o0 = N W B o o

.0 0.1 0.2 08 0.4 0.5 0.6 0.7
Coolant Mass Flow Rate [kg/s]

InDesA GmbH - CartZeissRing 19a - D-85737 Ismaning - Phone +49 (89) 552 7978-10 - Fax +49 (89) 552 7978-29 - www.InDesA.de



Consulting,
Engineering Services &
Virtual Bench Testing

3D CFD/CHT

U Simulation and Design Analysis of
complex systems for engineering
and industrial applications

@srm-ccm

A fluid flow, hydro-/aerodynamics

A heat transfer, thermal
management

A air-borne acoustics, sound
design

U Virtual Performance and
Functional Testing for automotive
accessory units

U Virtual Heat Rejection Testing of
combustion engines

InDesA GmbH - CartZeissRing 19a - D-85737 Ismaning - Phone +49 (89) 552 7978-10 - Fax +49 (89) 552 7978-29 - www.InDesA.de



o cae oo Customized FE Cylinder Structure Objects
page 5

InDesA Presentation Overview
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/

i Engineering:
Development of a Virtual Engine to demonstrate
Thermal Management Technologies and

Advanced Simulation Techniques.

3D CFD/CHT
@SY‘RIX?M‘

p
/) GT Mridnciosies

m 1D System Simulation:
A | n D e st#eéd-the-art approach to simulate engine
structure temperatures for the prediction of fuel
economy (NEDC, WLTP).
A Customized FE Cylinder Structure Objects.

\3_,3‘ 1D Model Calibration and Comparison with 3D CFD/CHT:
1D Customized FE Cylindemodel is calibrated and bench
marked with 3D CFD/CHT warmup simulation of the core IC
engine.
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inpesa | N D e sMrtua Internal Combustion Engine

INTEGRATED DESIGN ANALYSIS

Designed to demonstrate thermal simulation techniques with options
for different thermal management technologies:

t Split Cooling
U Integrated Exhaust Manifold (water cooled)
U Engine oil Cooler (Heater)

U Integrated Thermal Management Module

Compared to real engines
the virtual engine shows a
simplified design but with
all relevant features to
allow for thermal
management studies.
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inpesa | N D e sMrtua Internal Combustion Engine

INTEGRATED DESIGN ANALYSIS

Warm -up control phases:

| water pump shut off

Il circulation of water in IEM, exhaust valve bridges and through EOC
lIl circulation of water in engine block in addition

IV cooling of water; opening of thermostat

V cooling of engine oll

exhaust runner 1,4

outlet to radiator (closed)

outlet to cab heater
(open)

.

inlet to block (closed)
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InDesA 1D System Simulation of Engine Warm -Up

INTEGRATED DESIGN ANALYSIS

Warm -up control phases:

| water pump shut off

Il circulation of water in IEM, exhaust valve bridges and through EOC
Il circulation of water in engine block in addition

IV cooling of water; opening of thermostat

V cooling of engine oll

exhaust runner 1,4

outlet to radiator (closed) \

exhaust runner 2,3

inlet to block (open) \

Engine Oil Cooler
as heater



