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2 Cylinder Diesel Engine
Olshammar v.s. Baseline
BSFC & BP Results @1800 rpm



GT-Power Modelling
Geometry of Combustion Cylinder and Exh Piston

+" Main .~ Piston-to-Crank Offset . Crank-Slider Compliance

Attribute Unit Object Value
Bore mm 131 |;|
Stroke mm 158 |;|
Connecting Rod Length | mm 330|;|
Compression Ratio 18.5 I;'
TDC Clearance Height | mm O.SE

Clearance
Height

+" Main . Piston-to-Crank Offset .+ Crank-Slider Compliance

Attribute Unit Object Value
Bore See Case S... [Extra_Piston_Bore_Dia] |;|
Stroke See Case S... [Extra_Piston_Stoke] |;|
Connecting Rod Length | mm 360|;|
Compression Ratio 18.5 |;|
TDC Clearance Height | mm 0.5 |;|

Fev

A Combustion cylinder is shown in
figure left, where all parameters are
fixed.

A Exhpiston is shown in figure right,
where bore and stroke are set as
variables to optimize later.



GT-Power Model of Baseline 2 Cylinder Diesel Engine,
Boost Pressure = 5.5 bar, @1800 rpm Fev

Folder: 2Cylinder_DICI
GT-Baseline-2Cylinder_DICI-OPT-v01-5p5bar_updated.gtm 14



Parametersd optimizati on
Boost Pressure = 5.5 bar, @1800 rpm
Main
J Parameter Unit Description Case 1l
Case On/Off Check Box to Turn Case On
Case Label Unique Text for Plot Legends

cylinder-offset mm Wrist Pin to Crank Offset 1|;|
TargetBoostPressure bar Target 5.5 |;|
Agess Aggressiveness Factor 0.9
exhport-dia mm Diameter at Inlet End 30 [
exhport-len mm Length 86 [
exhrunner-dia mm Diameter at Inlet End 42 [
exhrunner-len mm Length 96 |:
orificedia mm Turbine Orifice Diameter 32|T_.
IntCTA Crank Angle (4-stroke) Cam Timing Angle 426 |:
ExhCTA Crank Angle (4-stroke) Cam Timing Angle 241 [
intport-dia mm Diameter at Inlet End 49 [
intport-len mm Length 64 |:
intrunner-dia mm Diameter at Inlet End 54|T__
intrunner-len mm Length 110 |:
RPM RPM Engine Speed 1800
I Comb_Cylinder_Dia mm Bore 131
Comb_Cylinder_Stroke mm Stroke 158

o f

Bas el

optimized in GT-Power.

ne

2 Cyl

Fev

A Parameters highlighted in red blocks are



Optimized results of Baseline 2 Cylinder Diesel Engine,

Boost Pressure = 5.5 bar, @1800 rpm

[har]

Boost_Pressure

ContrallerTurboWis-1

-?— Actual -T— Target -g— Output

p—

1.75

3.80 545
Timea [=1

Fev

" A Boost pressure reaches to the target pressure

A

of 5.5 bar by using the wastegate controller.

Green curve is the wastegate diameter.

s A BSFC & Brake Power

Wastegate Dia [mm]

Baseline
bsfc [g/kW -h]

224.0




GT-Power Model of Olshammar 2 Cylinder Diesel Engine with Exh Piston,
Boost Pressure = 5.5 bar, @1800 rpm Fev

Folder: 2Cylinder_DICI
GT-ExtraPiston -2Cylinder_DICI-OPT-v02-5p5bar -updated.gtm 17



GT-Power Model of Olshammar 2 Cylinder Diesel Engine with Exh Piston,
Boost Pressure = 5.5 bar, @1800 rpm Fev

A Parameters highlighted in red blocks are

J Parameter Unit Description Casel .. .
optimized in GT-Power.
Case On/Off Check Box to Turn Case On
Case Label Unique Text for Plot Legends
cylinder-offset mm v | Wrist Pin to Crank Offset 1|;|
exhport-dia mm v | Diameter at Inlet End 31 |;|
exhport-len mm v | Length 77 |;|
exhrunner-dia mm ~ | Diameter at Inlet End 45|;|
exhrunner-len mm v | Length 91
RPM RPM ~ | Engine Speed 1800
TargetBoostPressure bar ~ | Target
orificedia mm ~ | Turbine Orifice Diameter
IntCTA Crank Angle (4-stroke) ~ | Cam Timing Angle 430|;|
ExhCTA Crank Angle (4-stroke) v | Cam Timing Angle 251 |;|
intport-dia mm v | Diameter at Inlet End 61 |;|
intport-len mm v | Length 53 |;|
intrunner-dia mm ~ | Diameter at Inlet End 65|;|
intrunner-len mm v | Length 110 |;|
EXC FI deg ~ | Firing Intervals 190
Extra_Piston_Stoke mm v | Stroke 59 |;|
Extra_Piston_Bore_Dia mm ~ | Bore 218 |;|
Cylinder_CR Compression Ratio




GT-Power Model of Olshammar 2 Cylinder Diesel Engine with Exh Piston,
Boost Pressure = 5.5 bar, @1800 rpm

re [bar]

475

ContrallerTurbaWWG-1

-?— Actual -T— Target -E— Ciutput

—

|

3.50 5.25

Tirma =1

A Boost pressure reaches to the target pressure

Fev

of 5.5 bar by using the wastegate controller.

A BSFC & Brake Power

[rrm]

YWastegate Dia

Exh Piston
bsfc [g/kW -h]

212.5




GT-Power Model of Olshammar 2 Cylinder Diesel Engine,
with Exh Piston & Sideport, Fev
Boost Pressure = 5.5 bar, @1800 rpm

Zoom in the schema of sideport

=] i
ValveActu after_piston
LiftAreaCon- _cyinder-1
1-1

okupiD-1

L
Lookup1D-1

i
env-outlet
turbine
Lift-1
Ccrs oller
TurbgWG-1
@—‘EE‘
Moving
Average-1

Folder: 2Cylinder_DICI
GT-ExtraPiston -Sideport -2Cylinder_DICI-v02_updated.gtm 10



GT-Power Model of Olshammar 2 Cylinder Diesel Engine,
with ExhPiston & Sideport,
Boost Pressure = 5.5 bar, @1800 rpm

A Modelling the valve lift curve to control
s i d e popanihgdsee figure right

T

A Formula used in GFPower, see figure below

A

Expression

Available Variables

Formula Value

: [RESOLVE AT RUNTIME  No Unit ~

abs(X)

acos(X)
- asin(x)
| [ = case setup Parameters | [atan(x)
| || E& Main atan2(Y X}
[ cylinder-offset - Wrist Pin to Crank Offse ceil()
| ) exhport-dia - Diameter at Inlet End cos(B)
| £ exhport-len - Length cosh(X)
) exhrunner-dia - Diameter at Inlet End exp(xX)
£ exhrunner-len - Length floor(X)
i3 RPM - Engine Speed if{cond,A,B)
) TargetBoostPressure - Target int(x)
£ IntCTA - Cam Timing Angle In(X)
| ExhCTA - Cam Timing Angle log10(X)
B intport-dia - Diameter at Inlet End loon(a,Y)
E= intport-len - Length LookupXY(Object Name, X)
[ intrunner-dia - Diameter at Inlet End LookupXYZ(Object Name, X,¥)
E] intrunner-len - Length max(X,¥)
B EXC_FI - Firing Intervals ¥| [mingx,y)
s ) mod(x.Y) b
Variables Used In the Expression
Name Description Unit Case 1 Value
sin_width No Unit 0.4
sin_offset No Unit -80.0
oK Cancel

If (sin(pi()*(x -[sin_offset])/180) -[sin_width])>=0),
= 25*(sin(pi()*(x -[sin_offset])/180) -[sin_width]),
else

=0

A ValveActuLiftAreaConis used with a map of lift

displacement and lift area

Preprocessing Plot

16
14 -
12
10 -
5 -
.
.
2
0 I I |
-180 -120 -60 0 60 120 180 240 480 540
Bl Template: ValveActuliftAreaCon - Valve with Flow Area vs. Externally Actuated Lift X
Home  pata  Tools
Array of values for displacement or lift [the Vair B cefault fo Formula Editor Object Comment
zero displacement reference point is taken to .° l i - partc .
be where the displacement is defined ta be. . o I grore | Create Parameter | Part Comment
Template zgrq). annectivity  Show ., o
oy nformation Examples | - Show Value Add Long Comment
Template Document. Help | Attribute Abilities nl Comments
fect Family  Main . Options + Area Arays ] plots
ValveActuliftAreaCon-1
(@ valveActuliftAreaCan-1-1 rib,.| Displacement Area Array Swirl Coefficients|  Tumt > cage s - - - ra
Braencutiinescont ] [l { P Pl M ne (oD a kR | HAA
mm ~|mm~z - . 0 Ay - case ® 1
—
=[Area(mm~2 o d
[are yd
[area] /
S 800 S
s
400 A
/
#
%
#
//
/
/
B0 pd
~
/
a e
v g
m /
s
/
o L L L L I
v 2 4 6 ] 10 12

Cancel

Displacement Attay [mi]
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GT-Power Model of Olshammar 2 Cylinder Diesel Engine,
with ExhPiston & Sideport,
Boost Pressure = 5.5 bar, @1800 rpm

Parameter

Unit Description Case 1
Case On/Off Check Box to Turn Case On
Case Label Unique Text for Plot Legends

cylinder-offset mm Wrist Pin to Crank Offset 1|;|
exhport-dia mm Diameter at Inlet End 31 |_|
exhport-len mm Length 77|;|
exhrunner-dia mm Diameter at Inlet End 45|;|
exhrunner-len mm Length 91l...
RPM RPM Engine Speed 1800
TargetBoostPressure bar Target 5.5 |;|
IntCTA Crank Angle (4-stroke) Cam Timing Angle 430
ExhCTA Crank Angle (4-stroke) Cam Timing Angle 254|;|
intport-dia mm Diameter at Inlet End 61|;|
intport-len mm Length 53|;|
intrunner-dia mm Diameter at Inlet End 65|;|
intrunner-len mm Length 110|;|
EXC_FI deg Firing Intervals 190
Extra_Piston_Bore_Dia mm Bore 218 |;|
Cylinder_CR Compression Ratio 18.5 |;|
Comb_Cylinder_Dia mm Bore 131 |;|
Comb_Cylinder_Stroke mm Stroke 158 |;|
Comb_CR Compression Ratio 18.5 |;|
sin_offset -80 |;|
orificedia mm Turbine Orifice Diameter 32|;|
Area mm~2 Area Array 2000
sin_width 0.4[...]
Extra_Piston_Stoke mm Stroke 73 |;|

Fev

A Parameters highlighted in red blocks are
optimized in GT-Power.

|12



GT-Power Model of Olshammar 2 Cylinder Diesel Engine,
with ExhPiston & Sideport,

Boost Pressure = 5.5 bar, @1800 rpm

Boost_Pressure [bar]

ControllerTurbalG-1

.T_ Actual -?— Target -E— Output

7.0 10.5

Tirma =1

4.12

1.38

Wastegate Dia [mm]

Fev

A Boost pressure reaches to the target pressure
of 5.5 bar by using the wastegate controller.

A BSFC & Brake Power

Sideport
bsfc [g/kW -h]

207.9

|13



Comparison of Baseline and Two Olshammar Engines
Boost Pressure = 5.5 bar, @1800 rpm

BSFC & Brake Power
A Three engines are compared
A 2-Cylinder Baseline Engine
A 2-Cylinder Olshammar engine with exhaust piston

A 2-Cylinder Olshammar engine with both exhaust piston and sideport

Fev

239.5
+14.4%

249.0

+19.0%

| 14



Pressure [bar]

Comparison of Baseline and Two Olshammar Engines
Boost Pressure = 5.5 bar, @1800 rpm

Static pressure before turbine

o

Pressure (Static)

Baseline

Exh Piston

—— Sideport from Exh Piston
—— Sidepaort from Sideport

—B]:?g COMPRESSION TI:EICF POWER éB% EXHAUST %8% INTAKE gé%

Crank Angle [deg]

Fev

ISideport from Exh Piston

ISideport from Sideport |

LookupD-1

|15



DOE with varying RPM
Baseline and Two Olshammar Engines, Boost Pressure = 5.5 bar FGV

2-Cylinder Baseline Engine
A BSFC &BP 4 2

# Label Weight Dataset Case RPM bsfc blowr inst_error_rel
_ Type Factors Responses
A RPM - 800 = 2800 : delta bsfc | delta bp
Units ReM v amwen e e ~
[%] [%l
1 @ Training 1.00000|DataSetl_Default |1 - Case-1 800000 221760 36.0624 0.722157 0 0
Folder: 2Cylinder_DICI 2 @ Training | 1.00000|DataSetl Default |1-Case-1 | 1300.00 208604 185022  0.0314769 0 0
GT-Baseline-2Cylinder_DICI-OPT-v01- 3 @ Training 1.00000 |DataSett_Default |1 - Case -1 1800.00 224.006| 200320/ -0.0115324 0 0
5p5bar_updated_DOE_RPM.gtm 4 @ Training 1.00000 |DataSetl_Default |1 - Case - 1 2300.00 250.688| 187.258) -0.00979583 0 0
5 @ Training 1.00000 |DataSett_Default |1 - Case-1 2800.00 203.074| 152.404| -0.00828701 0 0
2-Cylinder Olshammar engine with exhaust piston
# Label Weight Datzset Case RPM bsfc bk inst_arror_rel
Type Factors Responses
Folder: 2Cviinder DICI Units REM v lgflw-h v kw v % | |delta bsfc | delta bkw
oldaer: inder 0, 0
y - 1 @ Training 1.00000 | DataSetl_Default |1 - Case-1 800.000 203.796| 101.203 0.273732 [%] [%]
GT-ExtraPiston -2Cylinder_DICI-OPT-v02- 2 @ Traini 1.00000 | DataSetl_Default |1 - Case- 1 1300.00 EEEE— | 8.10% |+174.04%
' rainin g 3 e erau - Lase - ! .. & .
5p5bar -updated DOE_RPM.gtm o = -4.04% | +4.74%
3 @ Training 1.00000 | DataSetl_Default |1 - Case- 1 1800.00 212457 239.498| 000799537 "= 1000 514 4000
4 @ Training | 1.00000 |DataSet!_Default |1-Case-1 | 2300.00 230.257| 213.928| -0.00514495| [ 4 5606 | +14.24%
5 @ Training 1.00000 | DataSetl_Default |1 - Case- 1 2800.00 284.147| 173.184| _0.00382828| [ -3.05% | +13.57%

2-Cylinder Olshammar engine with both exhaust piston and sideport

# Label Weight Dataset Case RPM bsfc bkwr inst_arror_rel
Type Factors Responses

Units RPM | g/kwi-h wlew o .| |delta bsfc | delta bkw

Folder: ZC_yllnder__DICI ) 1 @ Training 1.00000 |DataSeti_Default |1- Case-1 900.000 203.001 08.8524 0.208642 [%]0 [%] -
GT-ExtraPiston -Sideport -2Cylinder_DICI- 2 @ Training 1.00000|DataSetl_Default |1- Case-1 1300.00 198.603 190.046 0.123511 -8.42% |+167.44%
v02_updated_DOE_RPM.gtm 3 @ Training 1.00000|DataSetl_Default |1 - Case-1 1800.00 207.868 248.991 -0.00835132 A8 | 222
: = : : : : -7.20% | +18.95%

4 @ Training 1.00000 |DatzSetl_Default |1 - Case-1 2300.00 233.838| 223.303| -0.00450302 -6.68% | +19.25%

5 @ Training 1.00000|DataSetl_Default |1 - Case-1 2800.00 278.037| 181.100 -0.00313387 | -5.13% | +18.76%

|16



Comparison of Baseline and Two Olshammar Engines
Boost Pressure = 3.5 bar, @1800 rpm Fev

GT-Power model is based on optimized parameters which are obtained from previous case with 5.5 bar boost pressure, @1800 rpm.
Only orifice diameter of the turbine may adjust to achieve best efficiency.

BSFC & Brake Power
A Three engines are compared
A 2-Cylinder Baseline Engine
A 2-Cylinder Olshammar engine with exhaust piston

A 2-Cylinder Olshammar engine with both exhaust piston and sideport

Baseline Baseline Exh Piston Exh Piston Sideport Sideport
bsfc [g/kW -h] bp [kW] bsfc [g/kW -h] bp [kW] bsfc [g/kW -h] bp [kKW]

230.0 134.8 219.0 154.7 215.2 160.3
0% 0% -4.8% +14.8% -6.4% +18.9%

Folder: 2Cylinder_DICI
GT-Baseline-2Cylinder_DICI-OPT-v01-3p5bar_updated.gtm
GT-ExtraPiston -2Cylinder_DICI-OPT-v02-3p5bar -updated.gtm
GT-ExtraPiston -Sideport -2Cylinder_DICI-v02-3p5bar_updated.gtm -



Comparison of Baseline and Two Olshammar Engines
Boost Pressure = 2.5 bar, @1800 rpm Fev

GT-Power model is based on optimized parameters which are obtained from previous case with 5.5 bar boost pressure, @1800 rpm.
Only orifice diameter of the turbine may adjust to achieve best efficiency.

BSFC & Brake Power
A Three engines are compared
A 2-Cylinder Baseline Engine
A 2-Cylinder Olshammar engine with exhaust piston

A 2-Cylinder Olshammar engine with both exhaust piston and sideport

Baseline Baseline Exh Piston Exh Piston Sideport Sideport
bsfc [g/kW -h] bp [kW] bsfc [g/kW -h] bp [kKW] bsfc [g/kW -h] bp [kW]

236.6 96.0 229.1 108.8 227.2 111.6
0% 0% -3.17% +13.3% -4.0% +16.1%

Folder: 2Cylinder_DICI
GT-Baseline-2Cylinder_DICI-OPT-v01-2p5bar_updated.gtm
GT-ExtraPiston -2Cylinder_DICI-OPT-v02-2p5bar -updated.gtm
GT-ExtraPiston -Sideport -2Cylinder_DICI-v02-2p5bar_updated.gtm s



Summary of Engine with boost Pressure = 5.5/3.5/2.5 bar, @1800 rpm

Fev

GT-Power model is based on optimized parameters which are obtained from previous case with 5.5 bar boost pressure,
@1800 rpm.

Only orifice diameter of the turbine may adjust to achieve best efficiency.

Booster Baseline Baseline Exh Piston Exh Piston Sideport Sideport
Pressure bsfc [g/kW -h] bp [kW] bsfc [g/kW -h] bp [kW] bsfc [g/kW -h] bp [kKW]

108.8
+13.3%

|19



Fev

2 Cylinder Diesel Engine

Olshammar 2 opposed exhaust pistons v.s. Baseline
BSFC & BP Results @1800 rpm



GT-Power Model of 2 Cylinder Diesel Engine with 2 opposed exhaust pistons
Boost Pressure = 5.5 bar, @1800 rpm

I%'. B —d——8—0 a8
pipe-t§-man-bellmouth-7  mantfs-bellmouthidtrunner-1 - 2 intport-1 intvalve:

Lookup1D-1

Folder: 2Cylinder_DICI_2opposedExhPistons L
GT-20pposedExhPistons -2Cylinder_DICI-v01 updated.gtm

Fev
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Par amet er so
Boost Pressure = 5.5 batr,

opt i mi
@1800 rpm

Z at

| J Parameter Unit Description Case 1
Case On/Off Check Box to Turn Case On
Case Label Unique Text for Plot Legends

cylinder-offset mm Wrist Pin to Crank Offset 1 D
exhport-dia mm Diameter at Inlet End 31 D
exhporten mm Length ??D
exhrunner-dia mm Diameter at Inlet End 45 D
exhrunnerden mm Length a1 I;‘
RPM RPM Engine Speed 1300
TargetBoostPressure bar Target 5.5 I;‘
IntCTA Crank Angle (4-stroke) Cam Timing Angle 430 D
ExhCTA Crank Angle (4-stroke) Cam Timing Angle 254|;|
intport-dia mm Diameter at Inlet End 61 D
intportden mm Length 53 D
intrunner-dia mm Diameter at Inlet End 65 D
intrunnerden mm Length 110 I;‘
Cylinder_CR Compression Ratio 18.5 I;‘
Comb_Cylinder_Dia mm Bore 131 I;‘
Comb_Cylinder_Stroke mm Stroke 158 D
Comb_CR. Compression Ratio 13.5 D
Area mm-*2 Area Array 2000

sin_width 0.4 I"

Extra_Piston_Stoke mm Stroke 42[...
EXC_FI deq Firing Intervals 182
Extra_Piston_Bore_Dia M Bore 221 |:
orificedia mim Turbine Orifice Diameter 33 |:
sin_offset 60 |:

on

o f opposed gxhaustpidtang D

Fev

A Parameters highlighted in red blocks are

optimized in GT-Power.

| 22
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Optimized results of 2 Cylinder Diesel Engine with 2 opposed exhaust pistons,

Boost Pressure = 5.5 bar, @1800 rpm

uuuuuuuuuuuuuuuuu

Fev

A Boost pressure reaches to the target pressure
of 5.5 bar by using the wastegate controller.

A BSFC & Brake Power

Baseline Baseline
bsfc [g/kW -h] bp [kW]

224.0 209.3

2 Opposed 2 Opposed

Extra Pistons Extra Pistons
bsfc [g/kW -h] bp [kW]

205.6 249.5
-8.2% +19.2%

|23



2 Cylinder Diesel Engine with 2 opposed exhaust pistons
Boost Pressure = 5.5 bar, @1800 rpm

Pressure [bar]

FPressure (Static)

Crank Angle [deg]

7 T T 1600
4 1 1
| 1 { *
| 1 i 1
f i i i
8 - { ! { !
lJ ! {I ' 1400
| | f !
| ‘1 | ‘1
! 1 !
T {I } 1 !
} t
} ! } } 1200
} | !
! ‘1 ! ‘1
{ i {
B { 1 { 1\[
f i | ,
i } i i 1000
! ‘1 ! ‘1
{ { i i
5 | | | i t
! ‘1 * ‘1 -
1 1 a00
i i
4 1_ 1
i }
11 }{ 600
3L ! !
{{\ 1{"1 - 400
2 L 1 1
L R
{
| T ——— e 1} \\f —————e 1} \\__/ 4 0o
i { }
| ; | 11
f i | i
Jo Lo I e i o
-180 COMPRESSION 0 POWER 180 EXHAUST 360 INTAKE 540
BOC TDCF BOC T0C BDC

Area [rnm*2]

Fev

- Pressure hefore turbine, engine with 2 opposed pistons
— Pressure from sideport of opposed pistion 1

— == Pressure from sideport of opposed pistion 2

— Sidepont opening area of apposed pistion 1

.1+ Sideport opening area of opposed pistion 2

| 24



DOE with varying RPM

Baseline and Two Olshammar Engines, Boost Pressure = 5.5 bar

A BSFC & BP

2-Cylinder Baseline Engine

A R P M - 800 - 2800 # Label Weight Dataset Case RPM bsfc bkw inst_error_rel
Type Factors Responses
delta bsfc | delta bp
Units ReM v lgkich v ew v v 9] 9]
1 @ Training 1.00000| DataSett_Default |1 - Case- 1 800.000 221.760| 36.9624 0.722157 0 0
2 @ Training 1.00000| DataSet_Default |1 - Case- 1 1300.00 208604 185.022]  0.0314760 0 0
3 @ Training 1.00000| DataSett_Default |1 - Case- 1 1800.00 224.008| 200320] -0.0115324 0 0
4 @ Training 1.00000| DataSet_Default |1 - Case- 1 2300.00 os0.688| 187.258| -0.00070583 0 0
5 @ Training 1.00000 | DataSetl_pefault |1 - Case- 1 2800.00 203.074| 152.404| -0.00828701 0 0
Folder: 2Cylinder_DICI
GT-Baseline-2Cylinder_DICI-OPT-v01-5p5bar_updated DOE_RPM.gtm
2-Cylinder Olshammar engine with 2 opposed pistons
# Label Weight Dataset Case RPM bsfc bkw inst_error_rel
- — - delta bsfc | delta bkw
ype actors asponses
% %
Units RPM | gkwch v lkw o 2 [%] [%]
1 @ Training 1.00000| DataSett_Default |1- Case- 1 800.000 202.660 77.2126 0470044| — =0T 108.9%
2 @ Training 1.00000| DataSett_Default |1- Case- 1 1300.00 197.653| 147.936 0.343078 _5'3% 20 ;1%
3 . Training 1.00000| DataSett_Default |1- Case- 1 1800.00 205630 249.635| -0.0193192 g 50, [ 110 306
4 @ Training 1.00000| DataSett_Default |1- Case- 1 2300.00 233.148| 220331| 63791384 [ 7 000 | 117 79
5 @ Training 1.00000 | DatsSetl_Default |1 - Case- 1 2800.00 270117| 178.303| 14624964 [ 21200 | +17.0%

Folder: 2Cylinder_DICI_2opposedExhPistons

GT-2opposedExhPistons -2Cylinder_DICI-v01_updated DOE_RPM.gtm

Fev

| 25



Fev

3 Cylinder Diesel Engine
Olshammar v.s. Baseline
BSFC & BP Results @1800 rpm



GT-Power Model of Baseline 3 Cylinder Diesel Engine,
Boost Pressure = 5.5 bar, @1800 rpm Fev

: -
pipe-t§-man- bellmouth-7  manifs-1bellmauth-thtrunner-1

Folder: 3Cylinder_DICI Ef ¢ =
GT-Original -3Cylinder_DICI-OnlyBSFGv04_Optimized _updated.gtm

| 27



Par ameter so

opt i mi

Boost Pressure = 5.5 bar, @1800 rpm

zat.

on

o f

Bas el

ne

3 Cyl

Fev

A Parameters highlighted in red blocks are

Main
J Parameter Unit Description Case 1

Case On/Off Check Box to Turn Case On

Case Label Unique Text for Plot Legends

cylinder-offset mm Wrist Pin to Crank Offset 1E_
exhport-dia mm Diameter at Inlet End 33|;|
exhport-len mm Length 97 |;|
exhrunner-dia mm Diameter at Inlet End 37|;|
exhrunner-len mm Length 129 |;|
RPM RPM Engine Speed 1800
TargetBoostPressure bar Target 5.5 |;|
orificedia mm Turbine Orifice Diameter 235_
IntCTA Crank Angle (4-stroke) Cam Timing Angle 433 |;|
ExhCTA Crank Angle (4-stroke) Cam Timing Angle 246 |;|
intport-dia mm Diameter at Inlet End 51 |;|
intport-len mm Length 60 |;|
intrunner-dia mm Diameter at Inlet End 49|;|
intrunner-len mm Length 113 |;|
Dia_Before_Turbine mm Diameter at Inlet End 70 |;|
Length_Before_Turbine mm Length 160 Q_

optimized in GT-Power.

| 28



Optimized results of Baseline 3 Cylinder Diesel Engine,

Boost Pressure = 5.5 bar, @1800 rpm

re [har]

st Pressu

6.00

375

ControllerTurboWWG-1

-?— Actual T_ Target -E— Ciutput

—

175 3.80 5.25
Time [s]

14.0

7o

35

0o

Wastegate Dia [mm]

Fev

A Boost pressure reaches to the target pressure
of 5.5 bar by using the wastegate controller.

A BSFC & Brake Power

Baseline
bsfc [g/kW -h]

235.2

|29



GT-Power Model of Olshammar 3 Cylinder Diesel Engine with Exh Piston,
Boost Pressure = 5.5 bar, @1800 rpm Fev

= @ = A
pipe-ti Fman- bellmouth-7  manlfs- 1bellmauth-intrunner-1 2 intport-1

manffs-2bellmouth-Btrunner-2

manifs-3belimouth-Htrunner-3

A
MechFlowConn
R

Folder: 3Cylinder_DICI
GT-Opt -ExtraPiston -3Cylinder_DICI-v04 updated.gtm
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GT-Power Model of Olshammar 3 Cylinder Diesel Engine with Exh Piston,

Boost Pressure = 5.5 bar, @1800 rpm

Main Design of Experiments % All

Main
J Parameter Unit Description Case 1

Case On/Off Check Box to Turn Case On

Case Label Unique Text for Plot Legends

cylinder-offset mm Wrist Pin to Crank Offset 1l...]
exhport-dia mm Diameter at Inlet End 31 I;‘
exhport-len mm Length 80 D
exhrunner-dia mm Diameter at Inlet End 44|;|
exhrunner-len mm Length 93...]
RPM RPM Engine Speed 1800
TargetBoostPressure bar Target 5.5 I;‘
orificedia mm Turbine Orifice Diameter 25|;|
IntCTA Crank Angle (4-stroke) Cam Timing Angle 430|;|
ExhCTA Crank Angle (4-stroke) Cam Timing Angle 246|;|
intport-dia mm Diameter at Inlet End 50|;|
intport-len mm Length 74|;|
intrunner-dia mm Diameter at Inlet End 50|;|
intrunner-len mm Length 109 I;‘
Dia_Before_Turbine mm Diameter at Inlet End 70|;|
Length_Before_Turbine mm Length 160 D
Piston_Stroke mm Stroke 60 D
piston-bore mm Bore 180

piston-start-angle

Crank (Throw) Initial Angle

Fev

A Parameters highlighted in red blocks are
optimized in GT-Power.
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GT-Power Model of Olshammar 3 Cylinder Diesel Engine with Exh Piston,
Boost Pressure = 5.5 bar, @1800 rpm

re [har]

§.00

462

188 |

CantrollerTurbaWG-1

T_ Actual -?— Target -g— Cutput

Fev

“0 A Booster pressure reaches to the target pressure
of 5.5 bar by using the wastegate controller.

A BSFC & Brake Power

- 105

Exh Piston
bsfc [g/kW -h]

225.0

-4 7.0

Wastegate Dia [mm)

- 348

0.0

0.0o

1.75

350 5725
Time [s]

7.00
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Comparison of Baseline and Olshammar Engine
Boost Pressure = 5.5 bar, @1800 rpm

BSFC & Brake Power
A Two engines are compared
A 3-Cylinder Baseline Engine

A 3-Cylinder Olshammar engine with exhaust piston

Baseline Baseline Olshammar Olshammar
bsfc [g/kW -h] bp [kKW] bsfc [g/kW -h] bp [kKW]

235.2 302.9 225.0 322.0

0% 0% -4.34% +6.3%

Fev
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Comparison of Baseline and Olshammar Engine
Boost Pressure = 5.5 bar, @1800 rpm

Static pressure before turbine

Fressure (Static)
7.0
B _
/
."l f "'\
B0 [ ~.
g I.'I Il/ II"-.
£ 55 [ \
w ||I ( \
o III| |I|II .\-,\"
[ \
50 /f \
45 ,."' fl
4.0 T T T T T T T T I T T N I |\T/|| L1 L1
- COMPRESSION POVYER EXHALST INTAKE
2l TOCF L

Crank Angle [deq]

il

Baseline
Exh Piston

Fev

|34



Fev

2 Cylinder Petrol Engine
Olshammar v.s. Baseline
BSFC & BP Results @4000 rpm



GT-Power Modelling
Geometry of Combustion Cylinder and Exh Piston Fev

A Combustion cylinder is shown in
figure left, where all parameters are
fixed.

~ TN A Exhpiston is shown in figure right,
VS where bore and stroke are set as
variables to optimize later.

+" Main . Piston-to-Crank Offset .+ Crank-Slider Compliance

Attribute Unit Object Valus
Attribute Unit Object Value
— i ~ %I;' Bore See Case S... | [Extra_Piston_Bore_Dia] |;|
Stroke i o E’E"GFI;' Stroke See Case 5... [Extra_Piston_Stoke] |;|
Connecting Red Length | mm R 1?5|;| Connecting Rod Length | mm v 360|;|
Compression Ratio 9,5|;| Compression Ratio 18.5|;|
TDC Clearance Height mm e LI;' TDC Clearance Height | mm v 0.5 |;|
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GT-Power Model of Baseline 2 Cylinder Petrol Engine,
Boost Pressure = 3.5 bar, @4000 rpm Fev

g D = - &
Throftle-1 bellmeouth-2[intrunner- 1 intport-1 tvalve-1 xhvalve-1
eylinder-1
- =
si-inject-2 aﬂer_pLston
_oyinger
|
|
= D = = -
mar-fs-2 bellmouth-3 intrunner- 2 intport2  intvalve- exhvalve-2 |
1
1
‘ cylinder2, |
\ |
1
1
1
|

env-inlet-1 ==

a®
[

Folder: 2Cylinder_Petrol
Baseline-2Cylinder_SI-v01 Opt updated.gtm
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Par amet er so
Boost Pressure = 3.5 batr,

opt i

mi z at

@4000 rpm

Bas el

J Paramster

Linit Deescription Case 1
Case On/Off Check Box to Turn Case On
Case Label Unigue Text for Plot Legends

TargetBoostPressurs bar Targset 3.5|;|
Agess Aggressivensss Factor 0.9(...

orificedia i Turbine Orifice Diametar 3].|;|
RPM RPM Engine Spesd 4000

thrattle mm Hole Dismeter 70l...

==

IntCTA Crank Angle [4-stroke) Cam Timing Angle 453|;|
ExhCTA Crank Angle [4-stroke) Cam Timing Angle 140|;|
intport_Diz i Dizmeter 2t Inlet End 4].|;|
intport_Len i Length E»CII;'
exch_Dia mm Diameter at Irlet End a2[..)
exh_Len i Length 93|;|
sfter_piston_Dis mm Dizmeter 2t Inlst End s3l...]
after_piston_Lan i Length 155-|;|

2 Cy

Fev

A Parameters highlighted in red blocks are
optimized in GT-Power.
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Optimized results of Baseline 2 Cylinder Petrol Engine,

Boost Pressure = 3.5 bar, @4000 rpm

[bar]

Boost_Pressure

ControllerTurbgWG-1

-T— Actual -?— Target -g— Output

0.75 1.50 2725
Time [s]

12

Wastegate Dia [mm]

Fev

A Boost pressure reaches to the target pressure
of 3.5 bar by using the wastegate controller.

A BSFC & Brake Power

Baseline
bsfc [g/kW -h]

211.2
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GT-Power Model of 2 Cylinder Petrol Engine with ExhPiston ,
Boost Pressure = 3.5 bar, @4000 rpm Fev

a®

Folder: 2Cylinder_Petrol
ExhPiston-2Cylinder_SI-v02_Opt_Opt EVODuration_updated.gtm
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Par ameter so

Boost Pressure

opt i mi

= 3.5 bar, @4000 rpm

zat.

on

J Parameter uUnit Description Case 1l
Case On/Off Check Box to Turn Case On
Case Label Unique Text for Plot Legends
TargetBoostPressure bar Target 3.5 D
Agess Aggressiveness Factor 0.9 |;|
orificedia mm Turbine Orifice Diameter 24| ...
-RPM RPM Engine Speed 4000
throttle mm Hole Diameter 70 !
intCTA Crank Angle (4-stroke) Cam Timing Angle 459 !
intport_Dia mm Diameter at Inlet End 69|;I
intport_Len mm Length 114 EI
ExhPiston-Bore_Dia mm Baore 150|:I
ExhPiston-Stroke mm Stroke 61 EI
ExhPiston-CR Compression Ratio 45 EI
FI deg Firing Intervals 156 I
intrunner_Dia mm Diameter at Inlet End 4D|;I
intrunner_Len mm Length 408 I:I
exh_Dia mm Diameter at Inlet End B?EI
exh_Len mm Length 45 EI
after_piston_Dia mm Diameter at Inlet End 41 EI
after_piston_Len mm Length 189 EI
angle_multip lier Angle Multiplier 0.91664064|:I
ExhCTA Crank Angle (4-stroke) Cam Timing Angle 238.71094

o fExhPistdhy | | nder

Pet

Fev

A Parameters highlighted in red blocks are
optimized in GT-Power.

A Par amangle multplierd i s a
used to vary EVO duration.

o Timing Lt 7 Flow Coefficients o Output

scal

]

ok g = =

v v
[
> e NPT —
we (s HER SAT | HAX |
al Lt Privn - casi £1
'
3 / AN
o { \
E . / \
. f \
» / ~
b /
T
%\ / /% by
o | +
180 COMPRESSION o POWER 150 ExHAUST 380 WTAKE
e TocF e e
Crank angie [deg]
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Optimized results of 2 Cylinder Petrol Engine with Exh Piston ,

Boost Pressure = 3.5 bar, @4000 rpm Fev
- Y Actual g Target g Cutput 200 A Boost pressure reaches to the target pressure
of 3.5 bar by using the wastegate controller.
A BSFC & Brake Power
. 1 Exh Piston
bsfc [g/kW -h]
5 £ 199.8

Tirme [s] | 42



GT-Power Model of 2 Cylinder Petrol Engine with ExhPiston & Sideport,
Boost Pressure = 3.5 bar, @4000 rpm Fev

LookuplﬂwD—1

6

Folder: 2Cylinder_Petrol
Sideport -2Cylinder_SI-v03_OrificeConn_Opt_updated.gtm
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GT-Power Model of Olshammar 2 Cylinder Petrol Engine
with Exh Piston & Sideport, Fev
Boost Pressure = 3.5 bar, @4000 rpm

Plots &

Ak ] & A e AR

Preprocessing Plot

A Modelling the valve orifice diameter curve to /\ BN

control s i d e popanihgdsee figure right —

m L / \ /
. . / \ /
A Formula used in GFPower, see figure below
15 1 / \,‘ .‘f‘ \
/ \ / \
/ \ / \
° / \ / \
/ \ / \
= / \ / \
5 - / \ / \
Expression Formula Value Il ‘," \‘.‘ / \
IR (sin(pi()* (x-[sin_offset])/180)-[sin_width])>=0,25*(sin(pi() (-GN ; 1 | I | I \ L I L | \
Blll-[sin_offset])/180)-[sin_width]),0)| = RESOLVE ATIRUNTIME)| EEEETIIES -180 -120 -60 a B0 120 180 240 300 360 420 480 540
Available Variables Functions
‘ abs(X) A
‘ acos(X)
asin(X)
| | == Case Setup Parameters Al |atanx)
= Main atan2(Y,x) i ()% i ; ; —
| -3 cylinder-offset - Wrist Pin to Crank Offse ceil(X) If (SI n(pl () (X - [SI n_Offset])/180) - [SIn_WIdth])>_0)!
-] exhport-dia - Diameter at Inlet End cos(8)
-] exhport-len - Length cosh(X) *e g . i .
exhrunner-dia - Diameter at Inlet End exp(X) £ = 25 (S|n(p|() (X - [S|n Offset])/lSO) - [S|n W|dth])'
2 exhrunner-len - Length floor(X) - -
: RPM - Engine Speed if(cond,A,B)
--|i%| TargetBoostPressure - Target int(X)
-] IntCTA - Cam Timing Angle In(X) else
-] ExhCTA - Cam Timing Angle log10(x)
: intport-dia - Diameter at Inlet End logn(a,Y)
[ intport-len - Length LookupXY(Object Name, X) - 0
-] intrunner-dia - Diameter at Inlet End LookupXYZ{Object Name, X,Y)
-] intrunner-len - Length max(X,Y)
--E] EXC_FI - Firing Intervals ¥ mingx,v)
8 2 mod(X.Y) v
Variables Used in the Expression
Name Description Unit Case 1 Value
sin_width No Unit 0.4
sin_offset No Unit -80.0

OK Cancel | 44




Par ameter so
Boost Pressure = 3.5 bar, @4000 rpm

opt i mi

Z at

| J Parameter Unit Deszcription Case 1
Case On/Off Check Box to Turn Case On
Case Label Unigque Text for Plot Legends

TargetBoostPressure bar Target 3.5 I;‘
Agess Aggressiveness Factor 0.9(...
orificedia mm Turbine Orifice Diameter 28|..
RFM RPM Engine Speed 4000
throttle mmim Hole Diameter 70 I;‘
intCTA Crank Angle (4-stroke) Cam Timing Angle 471 E
exhCTA Crank Angle (4-stroke) Cam Timing Angle 242|;
intport_Dia mm Diameter at Inlet End GZE
intport_Len mm Length ?4|;
ExhPiston-CR. Compression Ratio 45 |:
FI deq Firing Intervals 147
sin_offset 93 |:
sin_width -0.35923572 ...
exh_Dia mm Diameter at Inlet End 39 |:
exh_Len mm Length 35 |:
intrunner_Dia mm Diameter at Inlet End 36 |:
intrunner_Len mm Length 459 |:
after_piston_Dia mm Diameter at Inlet End ZZE
after_piston_Len mm Length IDEIE
ExhPiston-Bore_Dia mm Bore 163 |:
ExhPiston-Stroke mm Stroke 61]..
area_gain Gain G.BE
angle_multiplier Angle Multiplier 0,9716013 |:
after_piston_sideport_Dia mm Diameter at Inlet End 33 |:

o n o fExhPist@hy&ISidepalte r

Pet

Fev

A Parameters highlighted in red blocks are
optimized in GT-Power.
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Optimized results of 2 Cylinder Petrol Engine with Exh Piston & Sideport,

Boost Pressure = 3.5 bar, @4000 rpm Fev
Aj;;t:"_e::::\;om A Boost pressure reaches to the target pressure
amm - - of 3.5 bar by using the wastegate controller.
v A BSFC & Brake Power
& 1 Sideport
bsfc [g/kW -h]
E : 190.7
;_EI 230 N - 130 ?;;1

1.00 “ ! ! ! 0o

0.00 0.74 1.50 225 3.00
Time [s]
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Comparison of Baseline and Two Olshammar Petrol Engines
Boost Pressure = 3.5 bar, @4000 rpm Fev

BSFC & Brake Power
A Three engines are compared
A 2-Cylinder Baseline Engine
A 2-Cylinder Olshammar engine with exhaust piston

A 2-Cylinder Olshammar engine with both exhaust piston and sideport

177.6

+16.0%
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Comparison of Baseline and Two Olshammar Petrol Engines

Boost Pressure = 3.5 bar, @4000 rpm

Static pressure before turbine

Pressure (Static)

5.0 73 ~

44 - 'II

40 (o

Pressure [har]

0.4
_EI]:?E COMPRESSION 0 POWWER é%%

TOCF
Crank Angle [deg]

Q00

1 &0
)

4 700

g00

500

400

300

200

100

0

Gl

Area [mm2)

Fev

Baseline

—— Exh piston

——— Sidepont, from exh piston
Sideport, from sideport
Sideport opening area
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DOE with varying RPM
Baseline and Two Olshammar Petrol Engines, Boost Pressure = 3.5 bar Fev

2-Cylinder Baseline Engine
A BSFC & BP Y ?

# Label Weight Dataset Case RPM bsfc bkw inst_error_rel
A RPM - 2000 - 5000 Type Factors Responses delta bsfc | delta bp
Units RPM  w|g/kw-h v kw v v [%] [%]
1 @ Training 1.00000 | DataSetl_Default |1 - Case- 1 2000.00 212.862| 44.7276 0.357844 0.0%| +0.0%
Folder: 2Cylinder_Petrol 2 @ Training 1.00000|DataSetl_Default |1 - Case- 1 3000.00 207.979| 102.143]  0.0424471 0.0%| +0.0%
Baseline-2Cylinder_SlI-v01_Opt_updated_DOE_RPM.gtm 3 @ Training 1.00000 | DamSetl_Default |1 - Case-1 4000.00 211.066| 153.116] -0.00188300 0.0%| +0.0%
4 @ Training 1.00000 | DatmSetl_Default |1 - Case- 1 5000.00 218.872| 183.743| 0.00246748 0.0%| +0.0%

2-Cylinder Olshammar engine with exhaust piston

# Label Weight Dataset Case RPM bsfc bkw inst_error_rel
Type Factors Responses delta bsfc | delta bkw
Units RPM v lg/kw-h  ~|kw | % v [%] [%]
Folder: 2Cylinder_Petrol 1 @ Training 1.00000|DatzSetl_pefault |1 - Case-1 2000.00 202.144| 72.0751| -0.00805200 | -5.04% | +61.14%
ExhPiston-2Cylinder_SI-v02_Opt_Opt_EVODuration_updated_DOE_RPM.gtm 2 @ Training 1.00000|DateSett_Default |1 - Case-1 2000.00 107.412| 116408/ -0.00802834| | -5.08% | +13.97%
3 @ Training 1.00000 |DataSetl_Default |1 - Case-1 4000.00 190.758| 163.433| -0.00775207| | -5.36% | +6.74%
4 @ Training 1.00000|Datasetl_Default |1- Case-1 5000.00 206.667 | 160.775| 9.40822E-4 -5.58% -12.50%

2-Cylinder Olshammar engine with both exhaust piston and sideport

# Label Weight Dataset Case RPM bsfc bkw inst_error_rel
Folder: 2Cylinder_Petrol Type Factors Responses delta bsfc | delta bkw
Sideport -2Cylinder_SI-v03_OrificeConn_Opt_updated DOE_RPM.gtm Units RPM v | g/kw-h  ~|kw ] % - [%] [%]
1 @ Training 1.00000|DataSetl_Default |1 - Case-1 2000.00 205.762| 72.7902| 0.0236801| | -3.34% | +62.74%
2 @ Training 1.00000|DataSetl_Default |1- Case-1 3000.00 188.323| 120.443) o0.0198628 | -9.45% | +17.92%
3 @ Training 1.00000|DataSetl_Default |1 - Case- 1 4000.00 190.662| 177.586 -0.00464082 -9.67% | +15.98%
4 @ Training 1.00000 | DataSetl_Default |1 - Case-1 5000.00 109980 181.186| -2.60340E-4 -8.63% -1.39%
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DOE with varying boost pressure 2.5 6 4.0
Baseline and Two Olshammar Petrol Engines, @ 4000 rpm

2-Cylinder Baseline Engine

Fev

A BSFC & BP # Label Weight Dataset Case TargetBoostPressure bsfc bkw inst_error_rel
Type Factors Responses delta bsfc | delta bp
A RPM = 4000 Units bar vl oinh v lw v Y [%] [%]
1 @ Training 1.00000|DatzSetl_Default |1- Case- 1 2.50000 214.885| 100.022| -0.00342495 0.0% +0.0%
Folder: 2Cylinder_Petrol 2 @ Training 1.00000|DataSetl_Default |1- Case-1 3.00000 212702 131.186| -0.00249640 0.0% +0.0%
Baseline-ZCyIindgr SI-v01 Opt updated DOE BoostPressure.gtm 3 @ Training 1.00000|DataSetl_Default |1- Case-1 3.50000 211.066| 153.116| -0.00188300 0.0% +0.0%
- -7 - - 4 @ Training 1.00000 | DataSetl_Default |1- Case - 1 4.00000 200.736| 174.431) -0.00146476 0.0%| +0.0%
2-Cylinder Olshammar engine with exhaust piston
# Label Weight Dataset Case TargetBoostPressure bsfc blowr inst_error_rel
— p—— — delta bsfc | delta bkw
Units bar ~ | g/kw-h ~ | kW ~ | %% ~ [%] [%]
1 @ Training 1.00000|DataSetl_Default |1 - Case - 1 2.50000 210217] 111.887] -0.00750418 | -2.17% | +2.63%
Folder: 2Cylinder_Petrol 2 @ Training 1.00000|DataSetl_Default |1 - Case - 1 3.00000 203.766) 137.008| -0.00767356| | -4.20% | +5.12%
L = . ini R R ) _ 0 0
ExhPiston-2Cylinder_SI-v02_Opt_Opt_EVODuration_updated_DOE_BoostPressure.gtm 3 @ Training | 1.00000|DataSetl Default |1 - Case - 1 250000 199.758| 163433 0.00775207 | -5.36% | +6.74%
4 @ Training 1.00000|DataSetl_Default |1 - Case - 1 4.00000 197.168| 188.636| -0.00761368 | -5 Q004 | +8.14%
2-Cylinder Olshammar engine with both exhaust piston and sideport
# Label Weight Dafaset Case TargetBoostPressure bsfc blowr inst_error_rel
Type mp— o — delta bsfc | delta bkw
Units bar w | g/kwW-h ~ | kw ~ | % e [%] [%]
1 @ Training 1.00000|DataSetl_Default |1- Case- 1 2.50000 199.236| 122.604| -0.00442553|| -7.28% | +12.46%
Folder: 2Cylinder_Petrol 2 @ Training 1.00000 |DataSetl_Default |1- Case- 1 3.00000 193.940) 150.432| -0.00457%00( -8.82% | +14.67%
Sideport -2Cylinder_SI-v03_OrificeConn_Opt_updated DOE_BoostPressure.gtm 3 @ Training | 1.00000|DatzSeti Default |1 - Case - 1 3s0000)  1o0.662| 177.585] -0.004640%2|[ -9 6796 | +15.98%
o D @ oo | ssom|mwasen et 1 cue- s oo e [ 200 EOOWHE | 10,129 | <17 075
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Fev

1 Cylinder Diesel Engine
Olshammar v.s. Baseline
BSFC & BP Results @1800 rpm



GT-Power Model of Baseline 1 Cylinder Diesel Engine,

Boost Pressure = 5.5 bar, @1800 rpm Fev
Wt /ﬁ - R e

nnnnnn

eeeeeeeeeeeeeeeeeeeeeee

o>

Folder: 1Cylinder_DICI
GT-Baseline-1Cylinder_DICI-OPT-v01-5p5bar_Optimized.gtm
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Par amet er s o

optimi zat
Boost Pressure = 5.5 bar, @1800 rpm

Bas el

‘ J Parameter Unit Description Case 1

Case On/Off Check Box to Turn Case On

Case Label Unique Text for Plot Legends
cylinder-offset mm Wrist Fin to Crank Offset 1|;|
TargetBoostPressure bar Target 5.5 |;|
Agess Aggressiveness Factor 0.9 E-
exhport-dia mm Diameter at Inlet End 35 |;|
exhportlen mm Length '3?|;|
exhrunner-dia mm Diameter at Inlet End 6}"|;|
exhrunnerden mm Length 130 |;|
orificedia mm Turbine Orifice Diameter 31 |;|
IntCTA Crank Angle (4-stroke) Cam Timing Angle 446 |;|
ExhCTA Crank Angle (4-stroke) Cam Timing Angle 254|;|
intport-dia mm Diameter at Inlet End 45 |;|
intportden mm Length 64|;|
intrunner-dia mm Diameter at Inlet End 59 |;|
intrunner-en mm Length 13?Qh
RPM RPM Engine Speed 1300
Comb_Cylinder_Dia mm Bore 131 |;|
Comb_Cylinder_Stroke mm Stroke 158
man_Dia mim Diameter at Inlet End E?m
man_Len mm Length g5 |;|
after_dia mim Diameter at Inlet End 82|;|
after_Len mm Length 5?|;|

Il ne 1 Cy

Fev

A Parameters highlighted in red blocks are
optimized in GT-Power.
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Optimized results of Baseline 1 Cylinder Diesel Engine,
Boost Pressure = 5.5 bar, @1800 rpm Fev

nnnnnnnnnnnnnnnnnnn

i i i " A Boost pressure reaches to the target pressure
of 5.5 bar by using the wastegate controller.

A BSFC & Brake Power

Exh Piston
bsfc [g/kW -h]

. 215.9

| 54



GT-Power Model of Baseline 1 Cylinder Diesel Engine with Exh Piston,

Boost Pressure = 5.5 bar, @1800 rpm

dl-m]ict—ﬂ
i " I g y . ; H—o——F.
pipe-td-man- bellmouth-1  intrunner1 2 intport-1 intvalve-1 ﬁ exhvalve-1 exhpor-1 3 exhrunner- 2
cylinder-1

MechFlawConn

Folder: 1Cylinder_DICI
GT-ExhPiston-1Cylinder _DICI-OPT-v01-5p5bar_ Optimized.gtm

o>

Fev
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Par amet er s o

opt i

m

Boost Pressure = 5.5 bar, @1800 rpm

Z at

J Parameter Unit Description Case 1
Case On/Off Check Box to Turn Case On
Case Label Unique Text for Plot Legends
cylinder-offset mm Wrist Pin to Crank Offset 1 E
TargetBoostPressure bar Target 5.5 E
Agess Aggressiveness Factor 0.9
exhport-dia mm Diameter at Inlet End &0 E
exhpartden mm Length ?4@
exhrunner-dia mm Diameter at Inlet End 63 E
exhrunnerden mm Length QZE
orificedia mm Turbine Orifice Diameter 28 E
IntCTA Crank Angle (4-stroke) Cam Timing Angle 443 E
ExhCTA Crank Angle (4-stroke) Cam Timing Angle 246 E
intport-dia mm Diameter at Inlet End ] E
intportden mm Length 7a E
intrunner-dia mm Diameter at Inlet End 41 E
intrunnerden mm Length 111 E
—
RPM RFM Engine Speed 1800
Comb_Cylinder_Dia mm Bore 131 E
Comb_Cylinder_Stroke mm Stroke 158 E
man_Dia mm Diameter at Inlet End 33 E
man_Len mm Length 141 E
after_dia mm Diameter at Inlet End 31 E
after_Len mm Length 54@
piston-start-angle deg Crank (Throw) Initial Angle 118 E
piston-bare mm Bore 126
after_piston_Dia mm Diameter at Inlet End 33 E
after_piston_Len mm Length G?E

on of B a £ehlPistone

1 Cyl

Fev

A Parameters highlighted in red blocks are

optimized in GT-Power.

|56



Optimized results of Baseline 1 Cylinder Diesel Engine with ExhPiston,
Boost Pressure = 5.5 bar, @1800 rpm Fev

ControllerTurbottc-1

Actual Target Output
ki bl el o

6.00

A Boost pressure reaches to the target pressure
of 5.5 bar by using the wastegate controller.

A BSFC & Brake Power

Exh Piston
bsfc [g/kW -h]

234

\Wastepate Dia [mm]

215 | - 05

Time [s]
|57



Fev

2 Cylinder Petrol Engine

Olshammar 2 extra pistons v.s. Baseline
BSFC & BP Results @4000 rpm



GT-Power Model of 2 Cylinder Petrol Engine with 2 extra pistons,
Boost Pressure = 3.5 bar, @4000 rpm Fev

Crank slider rpm is twice as the engine rpm through setting gear
ratio in gearl -1 to be 2.0.

TTTTTTTTT

gggggggg

Folder: 2Cylinder_Petrol _2extrapistons
ExhPiston-2Cylinder_SI-v03_SideportAndExtraPiston_Design607_Optimized_Design606.gtm
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Par ameter so

opt i

mi z at

Boost Pressure = 3.5 bar, @4000 rpm

Parameter

Unit Description Case 1
Case On/Off Check Box to Turn Case On
Case Label Unique Text for Plot Legends

TargetBoostPressure bar Target 3.5 E
Agess Aggressiveness Factor 0.9 E
orificedia mm Turbine Orifice Diameter 29|...
throttle mm Hole Diameter 70 E‘
intCTA Crank Angle (4-stroke) Cam Timing Angle 466\4
intport_Dia mm Diameter at Inlet End 71 EI
intport_Len mm Length 88 EI
ExhPiston-Bore_Dia mm Bore 152 EI
ExhPiston-Stroke mm Stroke 65 ’_ll
ExhPiston-CR Compression Ratio 45

FI deg Firing Intervals lﬂ
intrunner_Dia mm Diameter at Inlet End 40 EI
intrunner_Len mm Length 408 EI
exh_Dia mm Diameter at Inlet End 36 EI
exh Len mm Length 33 EI
after_piston_Dia mm Diameter at Inlet End 24@'
after_piston_Len mm Length 189 EI

angle_multiplier

Angle Multiplier

0.9910915 EI

exhCTA Crank Angle (4-stroke) Cam Timing Angle 245@
RPM RPM Engine Spee 4000
piston-start-angle deg Crank (Throw) Initial Angle 176 I;'I
piston-bore mm Bore 43 I
after_piston_sideport_Dia mm Diameter at Inlet End 30 EI
piston_stroke mm Stroke 49 EI

angle2

Crank Angle Array

anglel

Crank Angle Array

on of 2 Cylinder

Pet

Fev

A Parameters highlighted in red blocks are
optimized in GT-Power.
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Optimized results of 2 Cylinder Petrol Engine with 2 extra pistons,

Boost Pressure = 3.5 bar, @4000 rpm

[bar]

Boost_Pressure

ControllerTurboWG-1

.T_ Actual -T— Target -g— Output

3.8

A

N~

31

24

VY%

0.75

1.50 2.25
Time [s]

3.00

50.0

37.5

25.0

125

0.0

Wastegate Dia [mm)]

Fev

A Booster pressure reaches to the target pressure
of 3.5 bar by using the wastegate controller.

A BSFC & Brake Power

Baseline Baseline
bsfc [g/kW -h] bp [kW]

211.1 153.1

2 Extra Pistons 2 Extra Pistons
bsfc [g/kW -h] bp [kW]

192.7 175.5
-8.7% +14.6%
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2 Extra Pistons Petrol Engine
Boost Pressure = 3.5 bar, @4000 rpm

Pressure [bar]

55

Pressure (Static)

PipeRound part after_piston_cyinder (Loc=0.5)

||||||||||||||||| [ S ST T T T S S ST T T TN T TN AN TN T S TN T T S ST O T S T T T 1
POWER 180 EXHAUST 360 INTAKE 540
BDC TDC BDC

Crank Angle [deg]

10

-10

-15

-25

-30

Position [mm]

Fev

—— After pistion

After sideport
—— Crank Slider Displacement
——— Sideport opening
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Fev

2 Cylinder Petrol Engine

Olshammar 2 opposed exhaust pistons v.s. Baseline
BSFC & BP Results @4000 rpm



GT-Power Model of 2 Cylinder Petrol Engine with 2 opposed exhaust pistons
Boost Pressure = 3.5 bar, @4000 rpm Fev

£

si-inject-1
= fwizw o

bellmouth-2 mtrunnér— intport-1 intvalve-

si-inject-2

bellmouth-3 mtrunn;r—Z intport-2 intvalve-

Sl
Thi r&%a%

Folder: 2Cylinder_Petrol 2extrapistons
ExhPiston-2Cylinder_SI_TwoOpposedExhPistons_v01.gtm
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Par ameter so

opt i

mi z at

Boost Pressure = 3.5 bar, @4000 rpm

Parameter

Unit Description Casel
Case On/Off Check Box to Turn Case On
Case Label Unique Text for Plot Legends

TargetBoostPressure bar Target 3.5 |;|
Agess Aggressiveness Factor 0.9 |;|
orificedia mm Turbine Orifice Diameter 29|;|
throttle mm Hole Diameter 70|;|
intCTA Crank Angle (4-stroke) Cam Timing Angle 466|;|
intport_Dia mm Diameter at Inlet End 71 |;|
intport_Len mm Length 88|;|
ExhPiston-CR Compression Ratio 45|;|
intrunner_Dia mm Diameter at Inlet End 40|;|
intrunner_Len mm Length 408 I;‘
exh Dia mm Diameter at Inlet End 36|;|
exh_Len mm Length 33|;|
after_piston_Dia mm Diameter at Inlet End 24|;|
after_piston_Len mm Length 189|;|
angle_multiplier Angle Multiplier 0.9910915 |;|
exhCTA Crank Angle (4-stroke) Cam Timing Angle 245|;|
RPM RPM Engine Speed 4000
piston-start-angle deg Crank (Throw) Initial Angle 176|;|
piston-bore mm Bore 43
after_piston_sideport_Dia mm Diameter at Inlet End 30|;|
piston_stroke mm Stroke 49 |;|
angle2 Crank Angle Array 250
anglel Crank Angle Array 80
ExhPiston-Stroke mm Stroke 42 m
ExhPiston-Bore_Dia mm Bore 158|;|
PhaseShift deg Firing Intervals 0
FI deg Firing Intervals 155

on of opposed gxhaustpidtang

Fev

A Parameters highlighted in red blocks are

optimized in GT-Power.
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Optimized results of 2 Cylinder Petrol Engine with 2 opposed exhaust pistons,
Boost Pressure = 3.5 bar, @4000 rpm

[bar]

Boost_Pressure

3.8

ControllerTurboWG-1

r Actual r Target -g— Output

T

0.75

1.50 2.25
Time [al

3.00

50.0

375

25.0

125

0.0

Fev

A Boost pressure reaches to the target pressure

of 3.5 bar by using the wastegate controller.

A BSFC & Brake Power

VWastegate Dia [mm)]

Baseline Baseline
bsfc [g/kW -h] bp [kW]

211.1 153.1

2 Opposed

2 Opposed
Extra Pistons Extra Pistons
bsfc [g/kW -h] bp [kW]

189.7 178.2
-10.1% +16.4%
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2 Cylinder Petrol Engine with 2 opposed exhaust pistons
Boost Pressure = 3.5 bar, @4000 rpm

Pressure [bar]

Pressure (Static)

180 EXHAUST 360 INTAKE 540
BDC TDC BDC

Crank Angle [deq]

Fev

—— Pressure before turbine, engine with 2 opposed pistons
—— Pressure from sideport of opposed piston 1
---- Pressure from sideport of opposed piston 2
—— Sideport opening area of opposed piston 1
Sideport opening area of opposed piston 1

Lift [mm]
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DOE with varying boost pressure 2.5 6 4.0 bar
Baseline and Two Olshammar Petrol Engines, @ 4000 rpm Fev

A BSFC &BP 2-Cylinder Baseline Engine
A RPM = 4000

# Label Weight Dataset Case TargetBoostPressure bsfc bkw inst_error_rel
Type Factors Responses delta bsfc | delta bp
Units bar vl oinh v lw v Y [%] [%]
1 @ Training 1.00000|DatzSetl_Default |1- Case- 1 2.50000 214.885| 100.022| -0.00342495 0.0% +0.0%
2 @ Training 1.00000 |DatzSetl_Default |1- Case-1 3.00000 212702 131.186| -0.00249640 0.0% +0.0%
3 @ Training 1.00000|DataSetl_Default |1- Case-1 3.50000 211.066| 153.116| -0.00188300 0.0% +0.0%
4 @ Training 1.00000|DataSetl_Default |1 - Case -1 4.00000 209.736| 174.431| -0.00146476 0.0% +0.0%

Folder: 2Cylinder_Petrol
Baseline-2Cylinder_SI-v01_Opt_updated DOE_BoostPressure.gtm

2-Cylinder Olshammar engine with 2 opposed exhaust pistons

# Label Weight Dataset Case TargetBoostPressure bsfc bkw inst_error_rel delta bsfc | delta bkw
Type Factors Responses [%] [%]
Units bar ~ | g/kW-h ~ | kW v | % ~

1 @ Training 1.00000 | DataSet1_Default 1-Case-1 2.50000 199.776 123.218 -0.00548070 -7.0% +13.0%

2 @ Training 1.00000 | DataSetl_Default 1-Case-1 3.00000 193.206 151.625 -0.00549771 -0.2% +15.6%

3 @ Training 1.00000 | DataSet1_Default |1 - Case - 1 3.50000 189.701 178.2000 -0.00535399 | -10.1% +16.4%

4 @ Training 1.00000| DataSetl Default 1 - Case - 1 4.00000 10.6% | +16.8%

Folder: 2Cylinder_Petrol_2extrapistons
ExhPiston-2Cylinder_SI_TwoOpposedExhPistons_v01 DOE_BoostPressure.gtm
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Fev

2-Stroke, 2-Cylinder Diesel
Opposed Piston Engine

Opposed exhaust pistons v.s. Baseline
BSFC & BP Results @1400 rpm, BMEP = 5.5 bar



GT-Power model of 2 -stroke, 2-cylinder diesel opposed piston engine, baseline

BMEP= 5.5 bar, @1400 rpm

For more details, see the "Model_Description” tab or double-click the icon

below

A The current model is simplified from GT-Power
example, Napier Deltic CT1842K engine.

Model_Description

Fev

A The current model only includes A and B
Banks, and each bank only has one opposed

cylinder. This model is used as a baseline ﬁa%

By b

m—tfé;‘lf

engine.
j;mk

S|
Manifold-A

Engine i

Deltic_ CT1842K _Opposed_Piston_Engine.gtm GT-Power example

AmbOut

ressol
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GT-Power model of 2 -stroke, 2-cylinder diesel opposed piston engine, baseline
BMEP= 5.5 bar, @1400 rpm Fev

The current model only includes A and B Banks, and each bank only has one opposed cylinder. This model is used as a
baseline engine.

For more details, see the "Model_Description” tab or double-click the icon below

3
FromPart_
Arbin Exhaust

Manifold-A

Model_Description

Receiye-
-Mags-

Intergooler

H

InVaife-A-1 169  Piston-
Position-1

Engine

ﬁ Tu iné
I
ExPlpe-1
Tntake ToPart_ InMan-A-1 InManPipe-A-
WManifold-1 Intake 1

Manifold-A

AmbOut

Folder: Deltic_CT18-42k_Opposed_Piston_Engine
Deltic_CT18-42K_Opposed_Piston_Engine Baseline.gtm
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Parameters setup, 2-stroke, 2-cylinder diesel opposed piston engine, baseline
BMEP= 5.5 bar, @1400 rpm

Engine parameters

Opposed piston parameters

Fev

Case Label Unique Text for Plot Legends| 1400 rpm 5.5 ...
Ambient-Pres bar Ambient Pressure D
Ambient-Temp K Ambient Temperature D
rpm RPM Engine Speed
cycle-start Start of Cycle (CA at IVC) D
dx-exh mm Exhaust Discretization Length D
dx-int mm Intake Discretization Length |;|
fuel-mass mg Initial Fuel Mass Per Cycle |;|
gear-ratio Turbo Compounding Gear Ratio |;|
TuCo-Mech-Eff fraction Turbo Compounding Mechanical Effi... |;|
BMEP-target Target BMEP 5.5/...
BSFC-measured 243|;|

Case Label Unique Text for Plot Legends| 1400 rpm 5.5 ...
bore in Baore |;|
stroke-nominal mm Nominal Stroke |;|
CR-nominal Nominal Compression Ratio |;|
I_Int mm Intake Piston Connecting Rod Length |;|
|_Exh mm Exhaust Piston Connecting Rod Length |;|
a_Int mm Intake Piston Crank Radius |;|
a_Exh mm Exhaust Piston Crank Radius |;|
Alpha deg Exhaust Piston Lead Angle |;|
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Input

Results, 2-stroke, 2-cylinder diesel opposed piston engine, baseline
BMEP= 5.5 bar, @1400 rpm

-14

Fuel-controller

0.00

-T— Actual ?_ Target -E— Output

6 360
1 - 320

-1 280
- 240
| | | 200
0.55 1.10 1.65 2.20
Time Isl

Output

Baseline
bsfc [g/kW -h]

474.6

Baseline
bp [kW]

125.1

Fev
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GT-Power model of 2 -stroke, 2-cylinder diesel opposed piston engine with

opposed exhaust pistons Fev
BMEP= 5.5 bar, @1400 rpm

A The current model is simplified from GT-Power
example, Napier Deltic CT1842K engine.

Model_Description

A The current model only includes A and B Fessor
Banks, and each bank only has one opposed
cylinder. This model is used as a baseline

engine.

A Opposed exhaust pistons are connected to
each bank to improve BSFC and BP.

Folder: Deltic_CT18-42k_Opposed_Piston_Engine
Deltic_ CT18-42K_Opposed_Piston_Engine_ExtraPiston.gtm
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Parameters setup, 2-stroke, 2-cylinder diesel opposed piston engine with

opposed exhaust pistons
BMEP= 5.5 bar, @1400 rpm

Engine parameters

Case Label Unique Text for Plot Legends| 1400 rpm 5.5 ...
Ambient-Pres bar Ambient Pressure |;|
Ambient-Temp K Ambient Temperature |;|
rpm RPM Engine Speed
cycle-start Start of Cycle (CA at IVC) |;|
dx-exh mm Exhaust Discretization Length |;|
dx-int mm Intake Discretization Length |;|
fuel-mass mg Initial Fuel Mass Per Cycle |;|
gear-ratio Turbo Compounding Gear Ratio |;|
TuCo-Mech-Eff fraction Turbo Compounding Mechanical Effi... D
BMEP-target Target BMEP 5.5/...]
BSFC-measured 243|:|

Fev

Opposed stonds parameters
Case Label Unique Text for Plot Legends| 1400 rpm 5.5 ...

bore in Bore |;|

stroke-nominal mm Nominal Stroke |;|

CR-nominal Nominal Compression Ratio |;|

I_Int mm Intake Piston Connecting Rod Length |;|

|_Exh mm Exhaust Piston Connecting Rod Length |;|

a Int mm Intake Piston Crank Radius |;|

a_Exh mm Exhaust Piston Crank Radius |;|

Alpha deg Exhaust Piston Lead Angle |;|

Opposed

eXxhaust

pi stonds

a_Exhi1 Exhaust Piston Crank Radius 50|;|
a Intl Intake Piston Crank Radius 50|;|
Alphal Exhaust Piston Lead Angle 20|;|
|_Exhi Exhaust Piston Connecting Rod Length 200|;|
|_Intl Intake Piston Connecting Rod Length 200|;|
stroke-nominall mm Nominal Stroke 600 |;|
borel mm Bore 100 |;|

par amet
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Results, 2 stroke, 2-cylinder diesel opposed piston engine with opposed exhaust
pistons

BMEP= 5.5 bar, @1400 rpm
50 e e 5500 Baseline Baseline
bsfc [g/kW -h] bp [KW]
474.6 125.1
25 L 4 4625 With exh With exh

pistons pistons
bsfc [g/kW -h] bp [KW]

356.8 244.9

Input
5

375.0

Output

-24.8% +95.8%

-45 H

Disclaimer:

These results are very good, but
they need to be verified.

287.5

-80 | |

200.0
1 2

Time [s]
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