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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

- Bore - 1 - Bore -
q ToC N i ToC
Cloarance 1 Clearance
Height Height
Connecting
Rod
Length
7 A -
Main Piston-to-Crank Offset Crank-Slider Compliance Main Piston-to-Crank Offset Crank-Slider Compliance
Attribute Unit Object Value Attribute Unit Object Value
Bore mm ~ 131 |;| Bore See Case S... | [Extra_Piston_Bore_Dia] |;|
Stroke mm % 158|;| Stroke See Case S... v [Extra_Piston_Stoke] |;|
Connecting Rod Length | mm ~ 330|;| Connecting Rod Length | mm v 360|;|
Compression Ratio 18.5 |;| Compression Ratio 18.5|;|
TDC Clearance Height | mm v 0.5 |;| TDC Clearance Height | mm v 0.5 |;|

Fev

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

Exh piston 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



Parameters’ optimization of Baseline 2 Cylinder Diesel Engine,
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 v | Length 86 [
exhrunner-dia mm ~ | Diameter at Inlet End 42 [
exhrunner-len mm v~ | Length 96 |:
orificedia mm v | 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 v | Length 64|T_.
intrunner-dia mm ~ | Diameter at Inlet End 54|T__
intrunner-len mm v~ | Length 110 |:
RPM RPM v | Engine Speed 1800
I Comb_Cylinder_Dia mm ~ | Bore 131
Comb_Cylinder_Stroke mm v | Stroke 158

Fev

Parameters highlighted in red blocks are

optimized in GT-Power.



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

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

» Green curve is the wastegate diameter.

s7s o BSFC & Brake Power

Baseline
bsfc [g/kW-h]

224.0

Wastegate Dia [mm]



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

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|;|
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 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) Cam Timing Angle 251 |;|
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_Stoke mm Stroke 59 |;|
Extra_Piston_Bore_Dia mm Bore 218 |;|

Cylinder_CR

Compression Ratio

Fev

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



GT-Power Model of Olshammar 2 Cylinder Diesel Engine with Exh Piston,

Boost Pressure = 5.5 bar, @1800 rpm

[bar]

Boost_Pressure

4.78

ContrallerTurbaWWG-1

-?— Actual -T— Target -E— Ciutput

~—

|

178

3.50

Tirma =1

5.25

YWastegate Dia [mm]

Fev

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

BSFC & Brake Power

Exh Piston
bsfc [g/kW-h]

212.5




GT-Power Model of Olshammar 2 Cylinder Diesel Engine,

with Exh Piston & Sideport,
Boost Pressure = 5.5 bar, @1800 rpm

Zoom in the schema of sideport

L
Lookup1D-1

S
ValveActu
LiftAreaCon-
1-1

after_piston
_cyinder-1

ot
IIIIIII

Folder: 2Cylinder_DICI

GT-ExtraPiston-Sideport-2Cylinder_DICI-v02_updated.gtm
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GT-Power Model of Olshammar 2 Cylinder Diesel Engine,
with Exh Piston & Sideport,
Boost Pressure = 5.5 bar, @1800 rpm

* Modelling the valve lift curve to control
sideport’s opening, see figure right

« Formula used in GT-Power, see figure below

A

Expression

| Available Variables

Formula Value

2 [RESOLVE AT RUNTIME  No Unit ~

abs(X)

T

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

=0

acos(X)
E asin(x)
=L Case Setup Parameters | [atan(x)
|| = Main atan2(Y X}
[ cylinder-offset - Wrist Pin to Crank Offse ceil()
| 3] exhport-dia - Diamater at Inlet End cos(B)
| 3 exhport-len - Length cosh(x)
B exhrunner-dia - Diameter at Inlet End exp(xX)
{51 exhrunner-len - Length floor(X)
3| RPM - Engine Speed iffcond, 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 LaokupXYZ{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

» ValveActuLiftAreaCon is used with a map of lift

displacement and lift area

Preprocessing Plot

-180 -120 —60 120 180

Bl Template: ValveActuliftAreaCon - Valve with Flow Area vs. Externally Actuated Lift

Home  Data  Tools

Array of values for displacement or lift [the
zero displacement reference point is taken to
be where the displacement is defined ta be.
Template zgrg),

elp

t

» = 5

I zrore
Connectivity  Show )
Information Examples | - Show Value
Template Dacumentatior Help
ect Famity
ValveAdtuliftAreaCon-1

& valveActulift AreaCan-1-1

« Main ./ Options + Area Arrays [ Plots

Area Array Swirl Coefficients

e
bt | Dipicement

Cancel

[ Formula Editor

[¥] Create Parameter

Attribute Abilities

Tumt > case sl
oeffic

Object Comment
Part Comment
Add Long Comment

6
Displacement Attay [mi]

540
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GT-Power Model of Olshammar 2 Cylinder Diesel Engine,
with Exh Piston & 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

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

|12



GT-Power Model of Olshammar 2 Cylinder Diesel Engine,

with Exh Piston & Sideport, Fev
Boost Pressure = 5.5 bar, @1800 rpm

ControllerTurbalG-1

T Actial g Target g— Output * Boost pressure reaches to the target pressure
of 5.5 bar by using the wastegate controller.

« BSFC & Brake Power

Sideport

[bar]

bsfc [g/kW-h]
VQM_ 207.9

Wastegate Dia [mm]

Boost Pressure

7.0 105 140
Tirma el 113



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

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

» 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

Pressure (Static)

D A T N T N T TN T T N YT [N A T A T T TSN AT A TN A [N T TN AT N Y M TN T T [N N N T TN A N T T T O A |

Baseline

Exh Piston

—— Sideport from Exh Piston
—— Sidepaort from Sideport

s

COMPRESSION

TEEIC F

POWER

gt

Crank Angle [deg]

EXHAUST

e

INTAKE

Zals

Fev

|Sideport from Exh Piston

Sideport from Sideport |

LookupD-1
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DOE with varying RPM

Baseline and Two Olshammar Engines, Boost Pressure = 5.5 bar

- BSFC & BP
« RPM = 800 - 2800

Folder: 2Cylinder_DICI
GT-Baseline-2Cylinder_DICI-OPT-v01-
5p5bar_updated_DOE_RPM.gtm

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

Folder: 2Cylinder_DICI
GT-ExtraPiston-Sideport-2Cylinder_DICI-
v02_updated_DOE_RPM.gtm

2-Cylinder Baseline Engine

# Label Weight Dataset Case RPM bsfc blowr inst_error_rel
Type Factors Responses
: 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
2 @ Training | 1.00000|DataSetl Default |1-Case-1 | 1300.00 208604 185022  0.0314769 0 0
3 @ Training 1.00000|DataSet!_Default |1 - Case-1 1800.00 224.006| 2003200 -0.0115324 0 0
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
Units REM v lgflw-h v kw v % | |delta bsfc | delta bkw
0, 0,
1 @ Training 1.00000 | DatsSetl_Default |1 - Case-1 800.000 203.7096| 101.203 0.273733 (%] [%]
. Traini 1.00000 | DataSetl_Default |1 - Case- 1 1300.00 EEEE— | 8.10% |+174.04%
raining g 3 etd_Der@u - Lase - ! .. & .
n “4.04% | +4.74%
3 @ Training 1.00000 | DataSett_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
nits RPM v | a/kw-h w | ke w | % .| |delta bsfc | delta bkw
0, 0,
1 @ Training 1.00000|DataSet!_Default |1- Case-1 £00.000 203.001| o08.8524 0.208642 [%] [%]
5 . Traini 1.00000|DatzSetl_Default |1 - Case- 1 1300.00 e | -S-220 | +167.44%
raining g 2 etl_UDerau - Lase - i H 2 E
m 4.84% | +2.02%
3 @ Training 1.00000|DatzSetl_Default |1 - Case- 1 1800.00 207.868) 248.991| -0.00835132| 5 500, 718 9505
4 @ Training | 1.00000|DataSett Default |1-Case-1 | 2300.00 223.038| 222.303| -0.00450302| [ 6 68% | +19.25%
5 @ Training 1.00000|DatzSetl_Default |1 - Case- 1 2800.00 278.037| 1ei.100| -0.00313387| [ -5.13% | +18.76%

Fev
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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
Three engines are compared
2-Cylinder Baseline Engine
2-Cylinder Olshammar engine with exhaust piston

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 [kW]

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
Three engines are compared
2-Cylinder Baseline Engine
2-Cylinder Olshammar engine with exhaust piston

2-Cylinder Olshammar engine with both exhaust piston and sideport

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

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

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

Sideport
bp [kW]

111.6
+16.1%

|18



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 [kW]

108.8 111.6
+13.3% +16.1%

[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

N
T
after_pisti
_tyingder-3
I%'. B —d——8—0 a8
pipe-t§-man-bellmouth-7  mantfs-bellmouthidtrunner-1 - 2 intport-1 intvalve:
mal -1
D

Lookup1D-1

Folder: 2Cylinder_DICI_2opposedExhPistons LA
GT-2o0pposedExhPistons-2Cylinder_DICI-v01_updated.gtm

Fev
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Parameters’ optimization of 2 Cylinder Diesel Engine with 2 opposed exhaust pistons

Boost Pressure = 5.5 bar,

@1800 rpm

| 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 |:

Fev

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

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

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]
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Fev

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

— = Pressure from sideport of opposed pistion 2

— Sideport opening area of opposed pistion 1

.1+ Sideport opening area of opposed pistion 2
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DOE with varying RPM

Baseline and Two Olshammar Engines, Boost Pressure = 5.5 bar

- BSFC & BP
« RPM = 800 - 2800

2-Cylinder Baseline Engine

# 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
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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-OnlyBSFC-v04_Optimized_updated.gtm
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Parameters’ optimization of Baseline 3 Cylinder Diesel Engine,
Boost Pressure = 5.5 bar, @1800 rpm

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_

Fev

Parameters highlighted in red blocks are

optimized in GT-Power.
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Optimized results of Baseline 3 Cylinder Diesel Engine,

Boost Pressure = 5.5 bar, @1800 rpm

Boost Pressure [bar]

6.00

3725

ControllerTurboWWG-1

-?— Actual T_ Target -E— Ciutput

—

175 3.80 5.25
Time [s]

14.0

7o

35

0o

Wastegate Dia [mm]

Fev

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

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

pipe-ti

=13 @

. R I =
Fman- bellmouth-7  manlfs- 1bellmauth-intrunner-1 2 intport-1

manffs-2bellmouth-Btrunner-2

manifs-3belimouth-Htrunner-3

@ @

intvalve- 1

exhva\\;e% exhport-1 3 exhrunner-2

A1 3
4 intport-2 intvalve-2

T & = < =
exhvalve-2 exhport-2 5 exhrunner-1 outlet
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colfll

ler
TurbgNG-1
=5 o & = o
aftersfoaler PipeRectang| 67 ToICE
e-1
&)
< S
Moving
Average-1

Fev

|30



GT-Power Model of Olshammar 3 Cylinder Diesel Engine with Exh Piston,

Boost Pressure = 5.5 bar, @1800 rpm

Main [fﬂ’] 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

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

“? e Booster pressure reaches to the target pressure
of 5.5 bar by using the wastegate controller.

« BSFC & Brake Power

- 105

Exh Piston
bsfc [g/kW-h]

225.0

-4 7.0

Wastegate Dia [mm)

- 348

0.0o

1.75

350 5725
Time [s]

0.0
7.00
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Comparison of Baseline and Olshammar Engine
Boost Pressure = 5.5 bar, @1800 rpm

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

* 3-Cylinder Olshammar engine with exhaust piston

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

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)
7o

65

60 \

55 |- '\III f “1 H\ . / ‘»

Pressure [bar]

\ [ \ I".I f \
50 | \. / “ Iy \

A

4.0 S

L1 [ B
_EI]Z?E COMPRESSION TEEICF POWER QB% EXHAUST
Crank Angle [deq]

Fev
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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

n » Combustion cylinder is shown in
— osmare L o figure left, where all parameters are
fixed.
| < * Exh piston is shown in figure right,
where bore and stroke are set as
variables to optimize later.
+" Main . Piston-to-Crank Offset .+ Crank-Slider Compliance
Atirbuts tnt Object Valus Attribute Unit Object Value
Bare mm > %I;' Bore See Case S... | [Extra_Piston_Bore_Dia] |;|
Stroke e e E’E"GFI;' Stroke See Case S... v [ExtrafPistonfStoke]lZ‘
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|;|

|36



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
= =
inject-2 aﬂer_pLston
_oyinger
|
|
= *r = = C gl -
mar-fs-2 bellmouth-3 intrunner- 2 intport2  intvalve-3 exhvalve-2 |
1
1
cylinder2, |
\ |
1
1
1
|
Eng ‘
' :
R | —
env-inlet-1 e !
Compressor Tuffiine
Simple-1 i e
Con\‘alle
TurbgWe-1
5
after-
G W
'¥ Maoving
Average-1

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



Parameters’ optimization of Baseline 2 Cylinder Petrol Engine,
Boost Pressure = 3.5 bar, @4000 rpm

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-|;|

Fev

Parameters highlighted in red blocks are

optimized in GT-Power.

|38



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

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

BSFC & Brake Power

Baseline
bsfc [g/kW-h]

211.2

|39



GT-Power Model of 2 Cylinder Petrol Engine with Exh Piston ,
Boost Pressure = 3.5 bar, @4000 rpm

Intercooler
Eff-1
i)
66

o - D =
after-Fooler P\paRa:AangI 67 Te-ICE
e

a®

Folder: 2Cylinder_Petrol
ExhPiston-2Cylinder_SI-v02_Opt_Opt_EVODuration_updated.gtm

Fev
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Parameters’ optimization of 2 Cylinder Petrol Engine with Exh Piston ,
3.5 bar, @4000 rpm

Boost Pressure

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

Fev

» Parameters highlighted in red blocks are

optimized in GT-Power.

« Parameter ‘angle_multiplier’ is a scaling factor

used to vary EVO duration.

o Timing Lt 7 Flow Coefficients o Output

obect vee
o]
guth. o[
Trenes
> case
Case -
1
I
o
s
8
s }’ 4 ‘){ \
~ 7 y \
o A I S
-180  COMPRESSION 0 POWER 180 ExHAUST 380 INTAKE 540
BoC ToeF 80C Toe so¢

Crank Angle [deg]
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Optimized results of 2 Cylinder Petrol Engine with Exh Piston,
Boost Pressure = 3.5 bar, @4000 rpm Fev

ControllerTurboWiG-1
S50 7 Actual = Target y— Gt 300 » Boost pressure reaches to the target pressure
of 3.5 bar by using the wastegate controller.

« BSFC & Brake Power

Exh Piston
bsfc [g/kW-h]

199.8

[har]

Wastegate Dia [mim]

Boost_Pressure

1.00 ! ! ! 0.00
0.00 078 150 225 300
Tirme [s] | 42




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

LookuplﬂwD—1

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,

Boost Pressure = 3.5 bar, @4000 rpm

* Modelling the valve orifice diameter curve to
control sideport’s opening, see figure right

« Formula used in GT-Power, see figure below

|

Expression

f((sin(pi()* (x-[sin_offset])/180)-[sin_width])>=0,25*(sin(pi() *(4

Formula Value

Plots Y
o [ A ] of 1
D ] (& (KA | <
Preprocessing Plot
35 — —
/ N N
/ AN N
o / \ \
/ \ / \
/ \ / \
o \ /
/ \ /
\ |
15 / Y / )
\ "‘\.
\
10 \
\ / \
\ \
\ \
o L I I I ! L I I \
-180 -120 -60 a B0 120 120 240 300 360 420 480 40

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

=0

Wl (< oifcet])/ i80)Lsin width]).0) : RESOLVE AT RUNTIME | No Unit ~
Available Variables Functions
‘ abs(X) A
‘ acos(X)
asin(X)
| | == Case Setup Parameters Al |atanx)
Bl Main atan2(Y,X)
-4 cylinder-offset - Wrist Pin to Crank Offse ceil(X)
-] exhport-dia - Diameter at Inlet End cos(8)
-] exhport-len - Length cosh(X)
-] exhrunner-dia - Diameter at Inlet End exp(X)
: exhrunner-len - Length floor(X)
~-f£4] RPM - Engine Speed if(cond,A,B)
= TargetBoostPressure - Target int(X)
-] IntCTA - Cam Timing Angle In(X)
-] ExhCTA - Cam Timing Angle log10(x)
: intport-dia - Diameter at Inlet End logn(a,Y)
[ intport-len - Length LookupXY(Object Name, X)
-] 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
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Parameters’ optimization of 2 Cylinder Petrol Engine with Exh Piston & Sideport,
Boost Pressure = 3.5 bar, @4000 rpm

| 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 |:

Fev

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
e * Boost pressure reaches to the target pressure
- T_ ctua\-?—Target-g—Output -

of 3.5 bar by using the wastegate controller.

\/ « BSFC & Brake Power

285 - - 185

&

et

5

7

g 230 N - 130
|

]

[l

o

m

1685 | - BS5

Sideport
bsfc [g/kW-h]

190.7

[har]
[mrm]

t P
VWastegate Dia

1.00 “ ! ! ! 0o

0.00 0.74 1.50 225 3.00
Time [s]

| 46



Comparison of Baseline and Two Olshammar Petrol Engines
Boost Pressure = 3.5 bar, @4000 rpm Fev

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

» 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

5.0

4.5

40 |

Pressure [har]

0.4

e

Pressure (Static)

N\
[\ |

0 POWWER ExXHALIST INTAKE

COMPRESSION TORF

Boc e

Crank Angle [deg]

Q00

800

700

g00

500

400

300

200

100

0

Gl

Area [mm2)

Fev

Baseline
—— Exh piston

- Sideport, from exh piston
Sideport, from sideport
Sideport opening area

| 48



DOE with varying RPM

Baseline and Two Olshammar Petrol Engines, Boost Pressure = 3.5 bar

- BSFC & BP
« RPM = 2000 - 5000

Folder: 2Cylinder_Petrol
Baseline-2Cylinder_SI-v01_Opt_updated_DOE_RPM.gtm

Folder: 2Cylinder_Petrol
ExhPiston-2Cylinder_SI-v02_Opt_Opt_EVODuration_updated_DOE_RPM.gtm

Folder: 2Cylinder_Petrol
Sideport-2Cylinder_SI-v03_OrificeConn_Opt_updated_DOE_RPM.gtm

2-Cylinder Baseline Engine

Fev

# Label Weight Dataset Case RPM bsfc bkw inst_error_rel
Type Factors Responses delta bsfc | delta bp
Units RPM «|okwrh  ~kw v v [%] [%]
1 @ Training 1.00000 | DataSetl_Default |1 - Case -1 2000.00 212.862) 44.7276)  0.357844 0.0%| +0.0%
2 @ Training 1.00000| DatzSetl_Default |1 - Case - 1 3000.00 207.979| 102.143)  0.0424471 0.0%| +0.0%
3 @ Training 1.00000| DatzSetl_Default |1 - Case - 1 4000.00 211.066| 153.116/ -0.00188300 0.0%| +0.0%
4 v Training 1.00000| DatsSetl_Default |1 - Case - 1 5000.00 218.6872| 183743 0.00246748 9 +0.09
o 0 o 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 [%] [%]
1 @ Training 1.00000|DataSett_Default |1 - Case -1 2000.00 202.144| 72.0751] -0.00805200) | -5.04% | +61.14%
2 @ Training 1.00000|DateSett_Default |1 - Case-1 2000.00 107.412| 116408/ -0.00802834| | -5.08% | +13.97%
3 @ Training 1.00000|DateSet_Default |1 - Case- 1 4000.00 100758| 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
Type Factors Responses delta bsfc | delta bkw
Units RPM vl vlkw v v [%] [%]
1 @ Training 1.00000|DatzSetl Default |1- Case- 1 2000.00 205762 727002  0.0236801] | -3.34% | +62.74%
2 @ Training 1.00000|DatzSetl_Default |1- Case- 1 3000.00 188.323| 120.443| o0.0108628| | -9.45% | +17.92%
3 @ Training 1.00000|DataSet!_Default |1 - Case- 1 4000.00 100.662| 177.585| -0.00464002| | -9.67% | +15.98%
4 @ Training 1.00000|DataSetl_Default |1 - Case - 1 5000.00 199.080| 181.188| -2.60340E4| | -8.63% | -1.39%
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DOE with varying boost pressure 2.5 - 4.0
Baseline and Two Olshammar Petrol Engines, @ 4000 rpm

- BSFC & BP
« RPM = 4000

Folder: 2Cylinder_Petrol
Baseline-2Cylinder_SI-v01_Opt_updated_DOE_BoostPressure.gtm

Folder: 2Cylinder_Petrol
ExhPiston-2Cylinder_SI-v02_Opt_Opt_EVODuration_updated_DOE_BoostPressure.gtm

Folder: 2Cylinder_Petrol
Sideport-2Cylinder_SI-v03_OrificeConn_Opt_updated_DOE_BoostPressure.gtm

2-Cylinder Baseline Engine

Fev

# Label Weight Dataset Case TargetBoostPressure bsfc bkw inst_error_rel
Type Factors Responses delta beC 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 |DatzSetl_Default |1 - Case-1 3.50000 211.066 153.116| -0.00188300 0.0% +0.0%
4 i@ Training 1.00000 |DataSetl_Default |1- Case-1 4.00000 209.736| 174.431| -0.00146476 0.0% +0.0%
. o o o
2-Cylinder Olshammar engine with exhaust piston
# Label Weight Dataset Case TargetBoostPressure bsfc blowr inst_error_rel
— p—— — delta bsfc | delta bkw
0 0
Units bar w | g/kw-h | kW ~ | % w [/0] [ /0]
1 @ Training 1.00000 |DataSetl_Default |1- Case-1 2.50000 210217] 111.887] -0.00750418] | -2.17% +2.63%
2 @ Training 1.00000|DataSetl_Default |1- Case -1 3.00000 203.766) 137.008| -0.00767356| | -4.20% | +5.12%
3 @ Training 1.00000|DatzSetl_Default |1 - Case-1 3.50000 199.758| 163.433| -0.00775207| | -5.36% +6.74%
4 @ Training 1.00000 |DataSetl_Default |1- Case-1 4.00000 107.168| 188.636 -0.00761368| [ _5 QQU4 +8.14%
o o o . .
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%
2 @ Training 1.00000 |DataSetl_Default |1- Case-1 3.00000 193.940| 150.432| -0.00457900|| -8.82% | +14.67%
3 @ Training | 1.00000|DataSett_Default |1 - Case- 1 3.50000 100.662| 177.586| -0.00464092| -9 679% | +15.98%
+ N @anng | s000o]oatset o |1 -Case- o]0 gk SOBOSOEE | 10,1296 | +17.07%
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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
e Erian e AR R g S—." /5&1 e PR e 1

nnnnnn

o>

Folder: 1Cylinder_DICI
GT-Baseline-1Cylinder_DICI-OPT-v01-5p5bar_Optimized.gtm
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Parameters’ optimization of Baseline 1 Cylinder Diesel Engine,
Boost Pressure = 5.5 bar, @1800 rpm

‘ 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?|;|

Fev

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

« BSFC & Brake Power

475 -+ 05

Exh Piston
bsfc [g/kW-h]

215.9

sure [bal

- 00

350

ost_Pres
Wastegate Dia [mrm]

1.00
0.00 1.75 350 525 7.00

Time [z]
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GT-Power Model of Baseline 1 Cylinder Diesel Engine with Exh Piston,
Boost Pressure = 5.5 bar, @1800 rpm Fev

dl-m]ict—ﬂ

IEEI i) N B —— 3 = =G »=

pipe-td§-man- bellmouth-1 intrunner-1 2 intport-1 intvalve-1 exhvalve-1 exhport
cccccccc -1

MechFlawConn

o>
e

Folder: 1Cylinder_DICI
GT-ExhPiston-1Cylinder_DICI-OPT-v01-5p5bar_Optimized.gtm
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Parameters’ optimization of Baseline 1 Cylinder Diesel Engine with Exh Piston,
Boost Pressure = 5.5 bar, @1800 rpm

Fev

J Parameter Unit Description Case 1
case OnlOfr Check Box to Turn Case On « Parameters highlighted in red blocks are
Case Label Unique Text for Plot Legends . . .
cylinder-offset mm Wrist Pin to Crank Offset IE O ptl m IZGd In GT_ Powe I
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 ] 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 1 E
intrunnerden mm Length 111 Q
RPM RFM Engine Speed 1800
Comb_Cylinder_Dia mm Bore 131 E
Comb_Cylinder_Stroke mm Stroke 158 Q
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
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Optimized results of Baseline 1 Cylinder Diesel Engine with Exh Piston,
Boost Pressure = 5.5 bar, @1800 rpm Fev

ControllerTurbottc-1

Actual Target Output
6.00 T_ .Y_ .Z_ 1.0

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

« BSFC & Brake Power

475 - - 04

Exh Piston
bsfc [g/kW-h]

234

3480 - oo

\Wastepate Dia [mm]

215 | - 05

1.00 1 L 1 -1.0
0.00 1.75 3.50 525 7.00
Time [s]
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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 gear1-1 to be 2.0.

Turbo{A/G-1

o

Folder: 2Cylinder_Petrol_2extrapistons
ExhPiston-2Cylinder_SI-v03_SideportAndExtraPiston_Design607_Optimized_Design606.gtm
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Parameters’ optimization of 2 Cylinder Petrol Engine with 2 extra pistons,
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

Fev

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 Fev
58 e s0.0 » Booster pressure reaches to the target pressure
/II\ A of 3.5 bar by using the wastegate controller.
W « BSFC & Brake Power
Baseline Baseline
5 " g bsfc [g/kW-h] bp [kW]
[l a8 211.1 153.1
t § 2 Extra Pistons | 2 Extra Pistons
M bsfc [g/kW-h] bp [kW]
a1 s 192.7 175.5

-8.7% +14.6%

A/ l l

0.00 0.75 1.50 2.25 3.00
Time [s]

0.0
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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-

sm[ctz

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

D
Thi r&%a%

Folder: 2Cylinder_Petrol_2extrapistons
ExhPiston-2Cylinder_SI_TwoOpposedExhPistons_v01.gtm
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Parameters’ optimization of 2 Cylinder Petrol Engine with 2 opposed exhaust pistons
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|;|
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 42m
ExhPiston-Bore_Dia mm Bore 158|;|
PhaseShift deg Firing Intervals 0
FL deg Firing Intervals 155

Fev

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

VWastegate Dia [mm)]

Fev

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

BSFC & Brake Power

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

FANN 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 Fev

Pressure (Static)
6.5 10

6.0

55 —— 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

5.0

45

4.0

35

Pressure [bar]
Lift [mm]

3.0

25

20

1.5

1.0

05 T T T v v v b vy e e v v :l-l‘n‘-J B T W 0
-180 COMPRESSION 0 POWER 180 EXHAUST 360 INTAKE 540
BDC TDCF BDC TDC BDC

Crank Angle [deg] | 67



DOE with varying boost pressure 2.5 — 4.0 bar

Baseline and Two Olshammar Petrol Engines, @ 4000 rpm

- BSFC & BP
« RPM = 4000

2-Cylinder Baseline Engine

# Label Weight Dataset Case TargetBoostPressure bsfc bkw inst_error_rel
Type Factors Responses delta beC 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| -0.00342405 0.0% +0.0%
2 @ Training 1.00000 |DatzSetl_Default |1 - Case -1 3.00000 212.702| 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|DatzSetl_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 | % v
1 @ Training 1.00000 | DataSetl_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 -9.2% +15.6%
3 @ Training 1.00000 | DataSetl_Default |1 - Case - 1 3.50000 189.701  178.2000 -0.005353%9 | -10.1% +16.4%
4 @ Training 1.00000 | DataSetl Default 1 - Case-1 4.00000 | 187.505| 203.758 -0.00516920 | -10.6% +16.8%

Folder: 2Cylinder_Petrol_2extrapistons
ExhPiston-2Cylinder_SI_TwoOpposedExhPistons_v01_DOE_BoostPressure.gtm

Fev
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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 Fev

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

* The current model is simplified from GT-Power
example, Napier Deltic CT18-42K engine.

Model_Description

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

ressol

. . . . o~ \.,I!
cylinder. This model is used as a baseline u{g%ur
engine. EE:?

A-j;nk

US|
Manifold-A

AmbOut

Deltic CT18-42K_Opposed_Piston_Engine.gtm in GT-Power example
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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

Intergooler

BME|

Compressol

2!

Folder: Deltic_CT18-42k_Opposed_Piston_Engine
Deltic_CT18-42K_Opposed_Piston_Engine_Baseline.gtm

Intake
Manifold-1

Engine

Turbine

ExPlpe-1

AmbOut

3
FromPart_
Exhaust
Manifold-A

Receiye-Fuel
-Mags-1

ToPart_ InMan-A-1 InManPipe-A-
Intake 1
Manifold-A
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Parameters setup, 2-stroke, 2-cylinder diesel opposed piston engine, baseline
BMEP= 5.5 bar, @1400 rpm

Engine parameters

Case Label

Unique Text for Plot Legends

1400 rpm 5.5 ...

Ambient-Pres

bar

Ambient Pressure

Opposed piston parameters

Fev

Case Label

Unique Text for Plot Legends

1400 rpm 5.5 ...

]
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|;|

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

-T— Actual ?_ Target -E— Output
6 360
1 - 320
-4 -1 280
- 240
| | | 200
0.00 0.55 1.10 1.65 2.20
Time Isl

Output

Baseline
bsfc [g/kW-h]

474.6

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

* The current model is simplified from GT-Power
example, Napier Deltic CT18-42K engine.

Model_Description

* 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.

» 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|:|

Opposed piston’s parameters

Fev

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 exhaust piston’s parameters

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

borel

mm

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

BMEP= 5.5 bar, @1400 rpm
60 e ik e 500 Baseline Baseline
bsfc [g/kW-h] bp [kW]
474.6 125.1
25 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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