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WAVE v7
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General Parameters

Before starting the construction of the WAVE model, the
General Parameters Panel should first be completed.

Case #1: General Parameters Panel @
General Parameters I Hestartl Timer I Compatibilityl
Start Options Units
I” Reinitialize Flowfield Between Cases | Slimm] ¥ I
[v Convergence Detection |, Tolerance |0.01
General Parameters
Simulation Duration |{NCYC} |=
Time Step Multiplier |0 . 8
| I
End of Cycle Angle |auto |deg
Fuel and Air Properties
Compressibility | deal Gas Ll
INDOLENE ‘(Bl
Create Properties File I
Apply Cancel | Help |

© Ricardo plc 2008 / SMU 2009

Click the Simulation menu, then
General Parameters to open this
window. Type {NCYC} for Simulation
Duration. Select the fuel type
INDOLENE using the yellow Tag
button. Then APPLY

You will be told, ‘Simulation Duration is
Zero, Do you want to continue’ (Click
YES).

Then your told, ‘The following
constants are not defined. NCYC Do
you want to add them to the constants
table?’ (Click YES).

A new window will open, Now type 20
in the box under Case 71 for NCYC.
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Single Cylinder Model

Construct the simple engine
model shown using the
Elements menu on the left

E WaveBuild V7.0 Build 7: NoName.wvm
File Edit Simulation Model Tools Run Help

e E = - & Kk +

WaveBuild ¥5.1 Build 1: Single_Cylinder.wym - Case #1 of 1
File Edit Simulation Model Tools Run Help

Ambient
\ Elements | Model |

Engine
Cylinder

Ducts — |

Junctions

Note: The
ducts can be
added by
joining the
pink dots

© Ricardo plc 2008 / SMU 2009

- Template: (default)
+ %) Ambients

=4 Cylinders
| == Ducts

/+ﬂ Orifices
+p Turbo junctions

# U Valves
+ =€ Y-junctions
= i?; Components
+-@] Tags
+-[_] Commonly Used Directories
) File Reference
+-«Jx R-CAT ECT

N) duci] l duct? L> —L ducid l ducid P’B
" o

crife amb?

22:10:05 - Using tag Al

file <C:“\Program Files
NRicardoNWAVENS . 0
“Configsactive.tags>.

22:20:48 — Saving file J RICARDO

<Single Cylinder. wwvm>. Ll
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Geometry Definition

Double Click on the ducts
and define:-

Dimensions
Coefficients

Initial Conditions of the Gas

NOTE: These values are
for duct 1 only. Get the
other dimensions from the
next page.

© Ricardo plc 2008 / SMU 2009

Case #1: Duct Panel

— D Connectivity Comments -
[ductl "Leﬂ D |Jambl RightID |orifl ’V E dit |
— Schematic
j_ — 33.33333 —
u (=)
<t M
=Y a
1 !
i00.0 b
Duct Data |Attachments| Structure | Initial Fluid Composition |
Dimensions I Coefﬁcientsl Initial Conditionsl Body Forcesl
Diameters Lengths
Left |45 |mm Discretization |30.0 |
Right |39 | Overall |100.0 |
Count |1 BendAngle |0.0 |deg

0K I

Cancel | Help | /

%
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Geometry Definition

Press 1.0 bar
Temp 300 K
Walltemp 330K

100 mm

500 mm

@ 45 mm
Press 1.0 bar
Temp 300K Intake

Walltemp 300 K

The injector should be
placed 150mm away
from the end of the
second duct

© Ricardo plc 2008 / SMU 2009

Press
Temp
Wall temp

500 mm

Exhaust

1.05 bar
900 K
850 K

150 mm

@ 45 mm

1.05 bar
Temp 700 K
Walltemp 650 K
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Adding Injectors

Port injectors are by right
clicking on the required duct
and selecting edit injectors

This example uses port
injection

Select ‘Edit Duct Injection

Types’ to define injection type,

start of injection, injection
profile, and fuel composition

Vaporized Fuel 0.2
Liquid Fuel 0.8
Vaporized Liquid Fraction 0.2
Fuel Temperature 300K

Pressing ‘Edit” allows setting of
Fuelling ratios or rates for each
injector

© Ricardo plc 2008 / SMU 2009

Case #1: Duct Injector Editor
— Injector Types
Edit Duct Injector Types I
— Injectors for Duct #6001
Injector Type Characteristic Actuated
T | E dit Case #1: Duct Injector Type Editor
Injector Types
!’T ‘'ype Number Characteristic
| 0K I Cancel I r_z\
|
Add | Delete |
i~ Properties
Type Number |1 CharaclelisticIP,.;,poniDna| ﬂ

.
. Properties | Compostion | Profiles |

Mixture Temperature [3 ao

HowHatesheniin |00 g Eue! DT
Injector Editor

Injector Number Duct Number

Operating Point I Position I

|riecticn Fate IﬂH— Startefinestion IUU—

Fuel/air Ratio W Duration aflrecton Ir
|nected Mass IT

— Injector Type

K

|1

|

prop

Synchronize to Cylinder lNone vl

Apply Cancel | Help

| %
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Ambient Conditions

Double click on the ambient
junctions to define the orifice
size and gas temperatures
and pressures (the same
ambients exist for intake and
exhaust)

The fluid composition should
be made entirely of air (set to
1.0).

© Ricardo plc 2008 / SMU 2009

Case #1: Ambient Panel x|
D—
’flambl
Ambient | Initial Fluid Composition |
Diameter Jauto |
Pressure |1.0 |bar
Temperature |300 K
Discharge Coefficient [AUTO
Acoustic End Correction |0 |
Solution Type ¢ Fixed ¢ Floating
Cancel Help |
4
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Engine Data

Select model from the tool bair,
then engine. This displays the
input blocks that define the
operation of the engine

In this example we will only
have to enter data into:-

Geometry, Operating
Parameters, Heat Transfer,
and Combustion.

In the operating parameters
type {SPEED} and enter a
value in simulation - constants
- table

© Ricardo plc 2008 / SMU 2009

Case #1: Engine General Panel ll

Geomelryl Custom Geometry ~Operating Parameters | Heat Transfer Scavengel Combustionl Conduclionl

Engine Speed [{SPEED} Jrpn
Reference Pressure 1.0 |baxr
Reference Temperature 300 K

Case #1: Engine General Panel . ll

Geometry | Custom Geometryl Operating Parametersl HeatTransfer] Scavengel Combuslion] Conduclionl
r— Configuration  Friction Correlation

No. of Cylinders |1 ACF [0.5 |bar
Strokes per Cycle |4 vl BCF IU .006

Engine Type Ispa[k]gni!ion vl CCF |630 |Pa*min/m

L Bore [90.0 |mm QcF [0.0 [Paxnin”2/m"2
Stroke |85 |mm  Firing Order and Relative TDC
Connecting Rod Length [150 |mm = y
Cylinder | 1
‘Wist Pin Offset [0. 0 |mm TpC | 0.0
Compression Ratio |9 .5
Imposed Piston Motion

— Printout Flag

In-Cylinder State |0

Port Conditions |0

Cancel | Help |

7,
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Engine Data

Geometry Tab
Number of cylinders 1
Number of strokes 4
Engine Type Spark Ignition
Bore 90mm
Stroke 85mm
Con Rod Length 150mm
Piston pin offset 0.0 Heat Transfer Tab
Compression ratio 9.5
Friction ACF 0.5 Hegt transfer IVO
BCF 0.006 Hegt transfer IVC
CCF 630.0 ;
QCF 0.0 Piston top SA
Cyl head SA
Temperatures:
Piston top
Yorad
Cyl liner

© Ricardo plc 2008 / SMU 2009

clearance height

Combustion Tab

Combustion S| Wiebe
thb50 5.0
bdur 21.2
wexp 2.0
burnfrac 1.0

1.0

1.6

520 K

400 K

2.0

WAVE v7 Tutorial Notes

10



Valve Data

Case #1: Yalve List x|
— Walves
MNumber Type
To add valve details to the | E e 2} -
engine select model then gl -
valves from the tool bar ad | E& | _ Dokl |
Select add valve, and G 0 |/
define its type. To define
the lift and flow coefficients
select edit, see following O seit I suew2 sco [ exu 00
. (LJJ _ o
Sl|de amal - arifl= - ari42 amh2
Case #1: Iider Panel - l'
ID Cylinder Number Number of ¥alves Zones
Jeyll ’VIJ- —‘ Lz —‘ ’/I Single j
The dUCt attaChmentS for Engine Valves Ilnilial Fluid Composilionl
each valve are defined by | oo e v e B
double clicking on the duct3 Exhaust 2 s J
cylinder ] =
0K | Cancel I Help | %
© Ricardo plc 2008 / SMU 2009 WAVE v7 Tutorial Notes 11



Valve Data

Profile Editor

- Valve Lift Profile
Crank Angle ‘ Lift | |
1:0.0 $0.00
2[10.0 0.02
3|20.0 0.17
T4]30.0 0.62 14
‘5 40.0 1.42
- 12
§70.0 4.87
711000 8.19 —
|2 10
g 120.0 8.60 E
9 (130.0 8.83 8
10|138.0 8.89 by
1| 146.0 .83 3¢
42 156.0 8.60 9
13 166.0 8.19 5 4
] =
14| 206.0 4.87
15| 228.0 2.28 2
16 | 244.0 0.78
97 264.0 0.10 b [s QL ATETN SR RTRTRTTRIN] TR TRTRTTATRTN] NTRTRTTRTRTATE) {1
18 l280.0 0.00 = -180 0 180 360 540
File BOC COM. TDC EXP. BDC EXH. TDC INT. BDC
Cronk Angle Ideg]
ST1INT 77| gl
[~ Anchors iultipliers Valve Parameters —— [~ Angle Type Evaluation
Cycle [330 Juiation [1.0 Lash [0 @ On
Crank ™
Profie [0"0 Lit [T 414 Rocker Ratio [T 0 € 0if
{

Cancel

Help

Enter in manually,
or reference an

external/tag file —

© Ricardo plc 2008 / SMU 2009

Profile Editor

For this exercise reference
data from the yellow tag
files:-

Intake: SITINT (lift)

CFTYP (coeff)

SIMTEXH (lift)
CFTYP (coeff)

i~ Flow Coefficient Profiles
L/D | coF [coR 4
110,600 0.000 0.000
T2 0761377 0037 0.037
"3|0.023 0.067 0.067
T4|0.033 0.096 0.096 0.6
"5|0.048 0.141 0.141 -
‘g |0.058 0.171 0.171 $ 0.5
T7l0.073 0.217 0.217 9
T8l 0.086 0.256 0.256 Y041 4
g/0.102 0.306 0.306 ]
Emns 0.349 0.349 ‘-3’0 34
1]0.135 0.400 0.400 E
q2|0.152 0.442 0.442 L
13 |0.170 0.478 0.478 ?0'2'
q4|0.192 0.515 0.515 9
s |0 214 0.543 0.543 &0'1‘
1 0.237 0.562 0.562
32/ 0.253 0.571 0.571J;| 00
< > 0.0 0.1 0.2 0.3 0.4
[ Fie Lift/Diometer

/
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Valve Data IR

Intake Exhaust
Anchors
Cycle 330° 105°
Profile 0.0 0.0
Multipliers
Duration 1.0 1.0
Lift 1.414 1.0
Valve Parameters
Lash 0.0 0.0
Rocker ratio 1.0 1.0
Angle type Crank Crank
Valve Diameters 49.5 30
Evaluation On On

© Ricardo plc 2008 / SMU 2009 WAVE v7 Tutorial Notes



Requesting Plots

Case #1: Duct #duct3 Plot Panel x|
— Existing Plots

Type Locations

| *201 . ducts [

Requesting plots is done by
selecting with the right mouse
button the duct or volume that

you want to plot data from, -
and then SeIeCtlng edlt pIOtS [ CreatePlst | AddLocation | Remove Locationl Delete Plot |
— Duct Locations
@ Use Default Locations ¢ Use Custom Locations Use All Locationsl
Use the options shown . 1|
) . Default Locations | 0. 0
opposite to add or modify plot et
types

— Plot Description
|PRESSURE

— Ordinate Scale

Y Min Jauto

Y Max |auto

P o I el I
7,

%

© Ricardo plc 2008 / SMU 2009 WAVE v7 Tutorial Notes 14



Single Cylinder Model

WaveBuild ¥5.1 Build 1: Single_Cylinder.wym - Case #1 of 6

File Edit Simulation Model Tools Run Help

Injector Identifier

\g

Plot Identifier \Q v B o , suetd

—

arifl

r

N i N e 7™

Pressure

Linear P-V plot

\

I duc t4 Q

if2

Pressure

amh2

“Config/active.tags>.

15:49:36 — Sawving file
<Single_Cylinder.wvm>.

15:43:31 - Opening <D:\Training
\SingleCylinder/Single Cylinder.wvm>. ..

2

d

RICARDO

© Ricardo plc 2008 / SMU 2009 WAVE v7 Tutorial Notes
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Adding Cases IR

File Reference

At this stage the number of extra S
cases has not been defined, this is
set in the bottom left of the screen.

To add a case simply click +

W |Case 1 of § P M % v Run
To modify the constants for each b .ﬁ A W | [NConfio active
. . p— Constants Panel @
case select simulation — constants = \ Constnts Tate
- table. An entry for each constant o B #mﬁmﬂ
name should be added (i.e. speed, IE S
ncyc).
«| | i
. Import... Export.. Display Profile... |
Add 5 cases — using the + button at Swese Table
the bottom left of the screen. Then S R B
Variable
set the speeds to 1000 — 5000 rpm G .
for cases 1 — 5 respectively. BN |
Cancel Help | (

© Ricardo plc 2008 / SMU 2009 WAVE v7 Tutorial Notes 16



Running WAVE

Before WAVE can be started an
input check should be completed -
select Run - WAVE - Input Check

To actually run the WAVE model
select Run — WAVE - Screen
Mode

When either of the above are
selected a DOS/UNIX screen will

appear displaying the calculation
status

© Ricardo plc 2008 / SMU 2009

WaveBuild ¥5.1 Build 1: Single

l:yl' der.wvm - Cas

File Edit Simulation Model Tools Help

amial

duct 1

ar

ifl

WNO!SE
WavePost. .

Input Check...
Btthe Ctr+B
Screen Mode... Ctr+R

dud

Experiment. ..

] ||_| ]

ar if2

“Config/active.tags>. 4|
HIGEEAa 31 Op ening <D:\Tra ng
\SingleCylinder/Single ch e o
15:49:36 — Saving file

<Single_Cyli: der WYm> .

RICARDO

WAVE v7 Tutorial Notes
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WAVE v5
Simulation Solutions

Four Cylinder Model Notes
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Four Cylinder Model | = <

The purpose of this exercise is to transform the single cylinder model
into an 8 valve four cylinder engine, S|m|Iar to the one shown below

WaveBuild ¥5.1 Build 1: Four_Cylinder.wvm™ - Case #1 of 6 =10] x|
File Edit Simulation Model Tools Run Help

ol 16:12:03 - Using tag file <C:\Program ;l
= Files\Ricardo\WAVENS .0
\Config/active.tags>.
= 16:12:03 - Opening <D:\Training
\FourCylinder/Four_ Cylinder. .wvm>... RICARDO
=N 2

© Ricardo plc 2004 / SIHE 2005 WAVE v7 Training Notes 19



Geometry Modifications

Transform the single cylinder ducting
into a single port and runner

See n%t page

Valve Diameters should
also be changed to
reflect the new ports

Modify the model -
engine - geometry block
(remember data is
already in mm)

See n?Zt page

Case #1: Engine General Panel . x|
Geometry I Custom Geomelryl Operating Paramelersl HealTransferI Scavengel Combustionl Conductionl
— Configuration — Friction Correlation
No. of Cylinders [4 ACF [0.5 [bar
Strokes per Cycle m BCF W
Engine Type ISparkIgnition 'I CCF f630 |Pa*nin/m
Bore [78.1 [mm acF 0.2 [Pa*nin®2/m"~2
Stroke [82 |mm i~ Firing Order and Relative TDC
Connecting Rod Length [135 |mm Syl | T 1] > 2 | 3 3 | 1 4 |
‘wrist Pin Offset [0 .1 |mm TDC | 0 180 180 180
Compression Ratio I].U—
Imposed Piston Motion |
— Printout Flag
In-Cylinder State [0
Port Conditions |0
Apply | Cancel | Help |
£
WAVE v7 Training Notes
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Intake and Exhaust Runners

Intake runner

Exhaust runner

Case #1: Duct Panel : x| Case #1: Duct Panel X|
— ID ————  Connectivity Comments ~ID ———  Connectivity '~ Comments -
[duct1 ’VLeft D Jyjunl RightID Jorifl ’Vil [ductd [LeftlD [orif2 RightID [viun2 ’7&'
— Schematic — Schematic
i — 30 i i —] |~ 41.66BE7 J_
® ~ 2 @
© = ® A
L 200.0 a T, _— ]

Duct Data lAllachmentsI Structure | Initial Fluid Composition |

Dimensions | Caeffcients | Initial Conditions | Body Forces |

Diameters Lengths

Left |36 | Discretization |30.0 |
Right |36 | Overall [300.0 |
Count |1 BendAngle [0.0 |deg

Duct Data IAttachmentsl Sllucturel Initial Fluid Compositionl

Dimensions | Coefficientsl Initial Conditionsl Body Forcesl

Diameters Lengths

Left |35 | Discretization [40.0 |
Right |35 |mm Overall [250.0 |mm
Count |1 BendAngle 0.0 |deg

oK I

Cancel I

Help |

7

0K |

Cancel I

Help |

Z

© Ricardo plc 2004 / SIHE 2005
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Creating Four Cylinders

File Edt Simulation Model Tools Run Help

avel uild 1: Single_Cylinder.wvi
Ele Edit Simulation Model Tools Run Help

ue, o u
............

] — Using tag file \Progran Fi A ] 23:18:18 - Using tag file c Pr 9 F les Al [ ]
= \Ru:ar N N\Config/: ve.tags> = \Ricardo\WAVE\! 5 0N Ccmf ig/ac
e ning <D \Tr ne 23:18:18 - Opening <D:\Tra: n = g
= el gle Cyli bt e —
RICARDO = 2372606 = Clack & 4 RICARDO =N
=N =] =N £ ER\\L

Separate the ambients Highlight the model, copy Add two Y junctions
. and paste the geometry to Connect the ducts to
(Use Middle Mouse :
Button to do this) create four cylinders them

[P950 0 - Gy B T

urCylinder/Single_Cylinder
za:zs-us = Click to peste
i o paste
te

23:27:12 - Cl ktDes

RICARDO!

L

Finally connect the
ambients to the Y
junctions using a single
duct

© Ricardo plc 2004 / SIHE 2005 WAVE v7 Training Notes 22



Inlet and Exhaust Pipes

Case #1: Duct Panel L’Zj x|

— 1D Connectivity Comments -
Jduct1g ’/LeﬂlD Jamb2 RightID |¥jun2 { Edt |
— Schematic

The ducts connecting both the
inlet and exhaust manifolds to
the ambient junction should be
made from the geometry
shown

— b—42.85714

i—|¢50 -
‘[—IQSO =

300.0

Duct Data |Attachments| Structure | Initial Fluid Composition |

Dimensions I Coefficients | Initial Conditions | Body Forces |

Di Lengths

Left [SO Jmm Discretization [40 .0 [
Right S0 Jmm Overall [300.0 |mm
Count |1 BendAngle [0.0 |deg

[ o | ey Cancel Hep |

© Ricardo plc 2004 / SIHE 2005 WAVE v7 Training Notes 23



Intake Y-Junction

Case #1: Simple Y-junction Panel x|
D
—
Simple ‘Y-junction | Initial Fluid Composition | Structure | Absorptive I
Diameter |50| Jmm
‘wall Friction Multiplier [1.0
Heat Transfer Multiplier 1.0
Initial Pressure |1.0 |bar
Initial Fluid Temperature |300 K
Wall Temperature [300 |K
Edit Dpenings |
0K | Apply Cancel | Help |
4

To rotate the image use shift
and middle mouse button

© Ricardo plc 2004 / SIHE 2005

Openings for Junction #yjunl

Opening | X z | Diameter Disch. Coef Duct ID
11 60 AUTO AUTO ductl
2|2 30 AUTO AUTO ductS
3|3 =30 AUTO AUTO duct9
44 —-60 AUTO AUTO duct13
5|5 180 AUTO AUTO duct1?

Cancel

Help

WAVE v7 Training Notes
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Exhaust Y-Junction

Openings for Junction #yjun2

Case #1: Simple Y-junction Panel X|
D
Ly jun?

Simple Y-junction I Initial Fluid Composition | Structure Absorptivel

Diameter |50 .

Wall Friction Multiplier |1.0

Heat Transfer Multiplier 1.0

Initial Pressure |1 .0 |bar
Initial Fluid Temperature [600 JK
Wall Temperature |550| |K
Edit Openings |

| Opening | % Y z Diameter
1)1 120 30 30 AUTO
0K | | Apply | Cancel Help I 22 160 -70 90 AUTO
Y 33 ~160 -110 30 AUTO
44 -120 —-150 90 AUTO
55 0 90 90 AUTO

| Disch. Coef |
AUTO

AUTO
AUTO
AUTO
AUTO

Duct ID
duct4

duct8

ductl2
ductlé
ductl8

Cancel |

Help |

© Ricardo plc 2004 / SIHE 2005
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Adding Case Data

Constants Panel X
~ Constants Table
Name Casel | Case2 | Cased | Cased | Cae5 | Cae6 | Cae? | Cae® | Cased | Caeld | Caelt | Cael2 |
1 | NCYC 12 10 10 8 B B B 10 10 10 10 10
| SPEED 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500
_3pamb 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013
_4 tanb 298 298 298 298 298 298 298 298 298 298 298 298
5| thbso 9 g 9 9 g g 8.5 8.5 X 8
g bdur 28 28 29 29.5 kbl kil i 32 32 32 3 i
7 tpis 500 520 530 540 550 570 580 585 585 590 595 595
g thead 550 570 580 585 595 610 620 625 625 630 635 635
g teyl 540 560 570 575 580 590 595 600 600 610 615
W thrt 48 48 48 48 48 48 48 48 48 48 48
11 | fard 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
| Display Profile |

This model will be run at more than one engine speed. Because several of the
input parameters will change with engine speed constant names must be used
and referenced in the constants panel

Constants will need to be added to the following blocks:-

Operating parameters Heat transfer Combustion Duct injection panel

© Ricardo plc 2004 / SIHE 2005 WAVE v7 Training Notes 26



WAVE v5
Simulation Solutions

Intake and Exhaust Geometry
Modifications




Complex Y-Junctions |R

] , For greater accuracy, all

Openings for Junction #555

Simple Y-Junctions should
now be replaced with the
Complex Y-Junctions

This allows you more control
over what happens within the
junction, using the values
DELX and DIAB

DELX is the distance to the
opposite side of the junction
e (usually the junction diameter)

DIAB is the effective diameter

of the volume that the gas can
expand into.

4 774 28.9 110.0 -110 AUT AUT 40.0 50.0
5 775 180 -90.0 90.0 AUT AUT 40.0 80.0

o oo oo
[ I A

© Ricardo plc 2008 / SMU 2009 WAVE v7 Tutorial Notes 28



More Information on DIAB |R

For a junction like an exhaust collector or a port in a cylinder head, the
value of DIAB would normally equal the junction diameter.

For a junction connected to something like an air filter, this would not
be the case. The gas flowing through each hole would not be free to
expand into the whole volume, because it would interfere with the gas
flowing from the hole next to it.

In a case such as this, the value of DIAB will be much less.

It will be equal to the diameter of the small hole in the filter plus the
distance to the next hole along. This is due to the fact that the gas
can expand half way to the next hole in both directions before it
interferes with the gas flowing from another hole.

© Ricardo plc 2008 / SMU 2009 WAVE v7 Tutorial Notes



Intake Manifold System

The plenum volume is divided
into 4 volumes (complex y
-junctions).

Its effective diameter is 110mm

Total Volume = 3 litres

Length of each volume is equal
to 79mm (this will be the value
of DELX in the edit openings
panel of the volume (complex
y-junction).

The volumes are connected by
Zero Length Ducts (usually
called Massless Ducts)

© Ricardo plc 2004 / SIHE 2005

INTAKE MANIFOLD SYSTEM

100mn

100mn

—‘@ny & 40mim
79 1om ]
E cuivalent pl ernam
diameter=110mm
Total V clume = 3.0 T—— l
titres X
=[=790mmx4
Pressare (@ 5000 rpm
=0.99 bar
Skin Area = zDL / T
@ 60mm  pyNNERS
PLENUM L=150
I, s l = ]
E e L (I
EJ b 3% *
[[] rveese mwcmon [] s s i
e 3
T % TYPE 141 JUNCTION
@ TYPE 4/1 JUNCTION
|:.‘1 [ s .
B = .-
S:Ep TYPE 3/1 JUNCTION
P MASSLESSDUCT INLET PLENUM
<———  STANDARD DUCT

i}

BOUNDARY

CYLINDER HEAD BOUNDARY

WAVE v7 Training Notes
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Air Filter and Throttle

“Parameterize” _
THROTTLE Volumes (Complex Y-Junctions

(2 48mm)

Volume= 2 litres Volume = 6 litres

2x 50mm

AN,
(o)
\ g':
LT (L
AN,
(o)
=
g

h 4
/
<
Q
7
28
™
o
o

R
=
I
=
)
C
®)
(o

& 50mm
length 100mm

Ducts ] > @ 70mm
length 50mm

© Ricardo plc 2004 / SIHE 2005 WAVE v7 Training Notes
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Air Filter Duct | = <

The Air filter can be thought of as a thin plate which has a large number of
very small holes in it.This can be represented by a Massless Duct

(A duct with Zero Length), which is connecting the two volumes together.
The two volumes represent the top and bottom of the airbox.

The diameter of the holes in the filter are very small ~ 1.5mm and the are a
lot of them ~ 7500.

So the diameter of the duct should be 1.5mm on both sides and the
Count should be 7500

The duct should appear grey on the model schematic

© Ricardo plc 2008 / SMU 2009 WAVE v7 Tutorial Notes



Exhaust Manifold System

© Ricardo plc 2004 / SIHE 2005

\ 60° bend All lengths

length 100mm the same

30° bend
length 100mm

& 80mm

/

EXHAUST MANIFOLD COLLECTOR

WAVE v7 Training Notes
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Catalyst and Silencer | = <

EXHAUST CATALYST AND MUFFLER 1 _
e — The Exhaust Catalyst, in a

D 100 mm D 100 mm

similar way to the air filter, can
be modelled as two volumes
connected by a duct with a

V=03L

“— [ =30mm —» V=03L

=38 2mm | T 0 < T I, high C_ognt. This time
e / DS0mm however it is not Massless.
Fhaust Manifold 500 man= 3 segmerts = 200 +130 + 17D

section; L=110mm +—— L=300mm —

D120 mm
DSDmm/

The silencer can be modelled
as 2 volumes connected by a

Massless duct with multiple

. s Count, representing the
perforations in the exhaust

B—— s tube.

e Ideally you should split the

B rvoesemenos [ 2 exhaust into a number of
B i sections, like you did for the

é?; I R plenum. This will allow for
prswwsy O MUFFLER 1 more accuracy in the model.
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Intake and Exhaust Ports

Valve Diameters

28mm 23.5mm
Intake Port Exhaust Port

N
40 mm ! 36 mm

}

v

< _____ ><_ WaveBuild V3.6p1: 16V.dat - Case #1 of 12 _>< _____ >
File Edit Simulation Model Tools Bun Help
40 WAVE v3.5 TUTORIAL EXAMPLE 1000 ;M 40

1 1004 s014 404 5015 154 184

10:24:28 — Saving file <wwl.dat>. =)
10:25:16 - Click to paste.

10:27:02 - Opening <D:\PC work\Training
Presentation/16V.dat>

10:27:04 - Saving file <16V.dat>. :| RICARDOC
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Intake Complex Y-Junction

Case ##1: Complex YJunction Panel
[~ 1D Number

501

Complex YJunction I Initial Fluid Composition | Stucture | Absorpive |

Diameter W Initial Pressure llﬂ—
Volume W Initial Fluid Temperature W
‘Wall Friction Multiplier llU— Wall Temperature W
Heat Transfer Multiplier [1.0 [ Edit Duct Orientation |

Heat Transfer/Skin Friction Area [S055.0

ElKl Apply | Cancel Help |

Ensure that you get the

orientation of the ducts correct
for all the intake and exhaust

junctions in your model.

© Ricardo plc 2004 / SIHE 2005

Duct Orientations for Junction #501

DuctlD ‘X Y z Diameter Eisr.:ha{ge DELX DIAB Thick
17001 20.0 70.0 90.0 AUT AUT 40.0 40.0 0.0
2|7011 -20.0 110.0 90.0 AUT AUT 40.0 40.0 0.0
3701 180.0 -90.0 90.0 AUT AUT 40.0 40.0 0.0

Cancel Help I
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Example Exercises |R

When the model is completed, input check, and run the model in
screen mode (It should be run with the same cases used for the 8
valve engine)

When the model has finished running try altering the following:-
Intake runner length
Valve timing and lift
Compression ratio
Spark timing (thb50)

Back Pressure (adjust friction levels in catalyst)
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