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Dedicated

Hybrid

Engines
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In-cylinder 

temperature 

reduced by 

EIVC

Increase CR Long stroke

Water injection

Lean burn

Cooled EGR

Miller cycle

Knock mitigation

Advancing 

IVC
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Leading TGDI 97% 43% 98% 96% 39%

95% 50% 99% 95% ~45%
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PD

CS

DD

PA→DF

Product

Definition

Concept

Selection

Definitive

Design

Product

Approval

Design

Freeze

Port flow-box testing

• Verification of port 
performance

• Assessment against 
benchmarks

Manifold development 
(coupled 1D-3D)

• Both intake and exhaust

• Considers 3D distribution 
including catalyst flow

In-cylinder confirmation 
for max/min cylinders 
from 1D-3D study

• Analysis of highest / lowest 
residual content cylinders

SCE testing

• Used to confirm combustion 
system concept and select 
injector/ignition system

SCE 1-D performance 
simulation model

SCE cylinder head 
flow testing

• Confirm performance of 
component

Definitive manifold 
designs

Definitive combustion 
system

Confirmed combustion 
system

Multi-cylinder testing

• SCE results used to update 
1D prediction

• Re-validate 3D CFD

Multi-cylinder head 
flow testing

• Confirm performance of 
component

Analysis update

• SCE results used to update 
1-D prediction

• Re-validate 3-D CFD

Final performance 
hardware

Initial port 
specification

• Based on database and 
experience

Combustion chamber 
layout

Fuel injector selection

• Supplier liaison

• Consideration of flowrate / 
droplet size etc. 

1-D performance 
simulation

• Valve sizing study

• Initial valve events/manifold 
study

• Initial turbocharger 
matching

Spray characterisation

• Spray imaging

• PDA

Spray model 
development

• Model validation to spray 
characterisation

Concept 3-D CFD to 
assess flow / air 
motion

• ‘Flow bench’ CFD model for Cf

• In-cylinder for air motion 

Concept manifold and 
combustion system 
geometries

Concept design

• Based on benchmarking 
and experience-based 
guidelines

Target setting

• Performance 

• Emissions

• Durability

Port geometry update

• Port optimisation

In-cylinder CFD 
(including combustion)

• Assess combustion and flow 
performance

Manifold/valve events/ 
turbo development (1-D)

• Intake and exhaust manifolds 
considered
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Port geometry update

•Port optimisation

In-cylinder CFD 
(including combustion)

•Assess combustion and flow 
performance

Manifold/valve events/ 
turbo development (1-D)

•Intake and exhaust manifolds 
considered
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Response 
Surface 

Generation
Optimisation

Example of a 4-variable DoE Design 
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Low speed torque
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Optimization, Trade-off Analysis

Baseline 
model

Selected 
optimum

*
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High-efficiency 

Magma xEV

combustion system

Weight optimised 

architecture

FEAD deletion with 

electrified ancillaries

Low-cost optimised 

turbocharger

Potential balancer 

deletion for 3-cyl

New materials and 

manufacturing

Clamshell / skeletal



© Ricardo plc 2019


