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BMEF - Brake Mean Effective Pressure, Part Engine
-8 v2019 -»v2020 - Percent Difference [(Y1-Y2)*100/Y2] 0.6

i IR R AR B B H R AKX A “HEHFRE”

\ N +
B E R IE T ER R A A
JF Lat B o el 2y E A g, I E I LR AR
— 2 S D)
O {i A i -~ At S 5 < ’be Z, X
Q 1 2000 2500 3000 3500 4000 4500 5000
ZIK Z, lEﬂ El/j ;l.a( '/:_I_ Engine Speed (cycle average), Part Engine [RPM)]
Al Absolute
RLT Name Unit Baseline Evolved . L2 Percent
Difference :
Difference
oG -
IMEPTZ20 - Net Indicated Mean Effective Pressure bar -9.52 -9.56 0.0422 0.441
Input Signal 2 Mo Unit 406 4.04 0.0226 0.56
IMEPT20 - Net Indicated Mean Effective Pressure bar -9.52 -9.56 0.0422 0.441
PMEP - Pumping Mean Effective Pressure bar -0.595 -0.5991 0.00366 0619
ISFC - Indicated Specific Fuel Consumption, Cyl a/kW-h 256E-12 | 235E-12 | 2.12E-13 903
Crank Pin MEP bar -9.52 -9.56 0.0422 0.441
Valve-seat Impact Force N 1440 2040 298 294
Average of Maximum Cylinder Pressures bar 69.7 691 0679 0.954
Volumetric Efficiency, Air fraction 1.2 12 9.35E-4 00779
MMavirmim YWaklie Sanaratinn i 1 NA 1 NG ANINTEY NRTO
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DOE Factor 1 — ;Ef‘ Power_MLP
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\ é A}
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b Metamodel Tree YTree Filters | | Compare Metamodels
ﬁ b All Metamodels # |Design Set Case Metamodel R-Squared | RMS Error (Max. Abs. Error |Max. % Error |R-Squared | RMS Error |Max. Abs. Error |Max. % Error
E‘"@ Default Type Training Metrics Cross-Validation Metrics
* BSFC_Kriging N
- Units
----- &% R-Squared | 1.00 .
= 1 |Default 1 - RPM(5000) | Torque_Quadratic 0.998 3.11 9.57 11% 0.997 3.64 10.3 7.3% —.— Torque Quadratic
----- i ror - 0.99 -
_____ 2% Max. Abs. Error 2 |Default 2 - RPM({4500) Torque_Quadrah.c 0.997| 3.45 16.4 7.8%| 0.996) 3.87] 13.4 5. 9%, = , Tra|n|ng
_____ 25 Max. % Error 3 |Default |3 -RPM{4000) Torque_Quadratlc 0.997 3.25 10.7 5.4% 0.996 366 10,3 4,45 % 098 --«Torque_Quadratic
- BSFC_Quadratic 4 |Default  |4-RPM(3500) Torque_Quadratic|  0.996 3.43 5.02 4.9%| 0994 4.22 10.8 5.1%, S o097 Cross-Validation
..... ¥9 R-cquared 5 |Default |5 -RPM(3000) Torque_Quadratic 0.992 4.17 16.6/ 6.5% 0.985 5.39 16.5 6.2% o ’
~ e @ 096
----- #% RMS Error 6 |Default 6 - RPM(2500) [Torque_Quadratic 0.994 3.24 10.6 4.5% 0.991] 3.79] 10.8] 4.3% n': .
----- $% Max. Abs. Error 7 |pefault |7 - RPM{2000) [Torque_Quadratic 0.969 3.96 26.7 14%  0.980 10.3 23.2 11% 0.95
""" £ Max, % Error 8 ([Default |8 - RPM(1500)|Torgue_Quadratic 0.969 9.28 35.8 0%  0.957 10.9 32.0 12% 1
) i
% Power_Kriging 9 |Default |9 - RPM(1000)|Torque_Quadratic 0.954 4,14 20.3 12% 0.943 4,36 12.9 8.1%
£ Power_Quadratic 10
1 = — 9
4 Gasoline Engine DO .gtdoe — O x E 8
=
Home & 11| ?
v
s Yy H L o€ @ o : z s
+ " -~ * r 5
5a Select Select Select Select Analyze Create Compare Case Case-Sweep Optimizati 4 [ B S T Lt 1
e Source Data Factors Responses Experiments Experiments Metamodels Metamaodel Metrics | Metamodel Quality | Predictions  Predictions primizstion R el Sl hLLEE S X
File Setup .gtdoe Fit Assess Optimize ‘
@ @ Review and assess metamodel quality at a detailed level, Save customized plots by dragging them from the Metamode! Tree to .gu report files. Hide Tree [E] Hide Table Hide Plots . Next Page E
=
N N Ll
Metamodel Tree W Tree Fiters ” Experiments and Predictions table Totak 200 Inck200 Exck0 | pjots 4 % Error Lines: 0 E "
All Metamodels # Design Set Case Power ‘ Power_Quadratic Power_Quadratic % Err Exh_Valve_T ', o ‘ ‘ & | L G\] Fl e |F | w2 ool 1 Ul oft | M4 > M g
& @ Default Type Responses A = .
* BSFC_Kriging .
©. BSFC Quadratic = SO e ) lj e Angl= (45 Predicted vs. Observed for Default & Power & 8 - RPM(1500) g
- 1 [pefault 8 -RPM(1500)|  48.7963 43,5993 0.4037%| . .
P Krigi — —_ —
- P:::_Qfa';’gaﬁc = ber 2 revios I P T 60 = Predicted Power_Quadratic vs. Observed — Upper %Err —Lower %Err —0% Err 15.0
ﬁ.iRPM(Snnm 3 [Default 8 -RPM(1500)|  40.7114 41,2080 1.220%) .
1 [ memason) 4 [Default 8 -RPM(1500)|  34.3015 35,0046 2.050%| = 125
] Remea000) 5 |pefault 8-RPM(1500)|  44.8546 43,7782 -2,400%, . 50 o .
7 rem(3500) 6 [Default 8 -RPM(1500)|  53.5504 51.6433] -3.561%) g LE 10.0
I rem3000) 7 |Default & -RPM(1500)|  45.8169) 44,8134 -2.190%)| s 40- = )
{21 I rem(2500) 8 |Default 8 -RPM(1500)|  5§5.0137 53.8168| -2.176%) - X 7.5
£ I Rpm(2000) 9 |Default 8 -RPM(1500)|  35.0878 36.2418| 0.4268%) 2 ol
11 RPM(1500) 2 30 ©
Il re:o00) 10 |Default 8-RPM(1500)|  40.8832 41.3711] 1.193%)| k=] = 50
L 11 |Default 8-RPM(1500)|  22.4571 22.4383] -0.08363%| s
-5 Torque_Kriging o
54 Torque Quadratic 12 |pefault 8 -RPM(1500)| 50,1545 43,1374 -1.908%) 20+ 25
13 [Default 8 -RPM(1500)|  34.8204 34.3791) -1.267%) 1 2 3 4 5 6 7 8 9
14 [Default 8 -RPM(1500)|  35.4110 35.7262| 0.8902%
15  [Default 8 -RPM(1500)|  37.9911 38,7947 2,115%| 1 020 30 40 50 60 Case Number
16 [Default 8 -RPM(1500)|  46.1378 46,4921 0.7678%,
17 |Defadt &-RPM(1500)|  26.2065 24,2627 7.417%| Observed Power
18 |Default 8 -RPM(1500)| 52,9894 519977 -L.872%) Percent Error for Default & Power & 8 - RPM(1500)
19 [efaut |8-ReM(L500) B 8423 5.265% « % Error for Power_Quadratic —0% Err
20 [Default 8 -RPM(1500)|  43.8720 42.1683| -3.883%) 15
21 [Default 8 -RPM(1500) | 32.2723 32.8272| 1.720%
22 [Default 8 -RPM(1500)|  42.0229 42.3178| 0.7017%) 10k [ e .
23 [Default 8 -RPM(1500)|  30.6642 30.8462| 0.5935%) .' - . -
24 [Default 8 -RPM(1500)|  47.4476 43,1004 3.434%| ° o ° ® .
25 [Default 8-RPM(1500)|  45.7966 45.0030] -1.733%| o 51 e - °® o ° ee . . ° o
2
26 [Default 8-RPM(1500)|  38.2573 38.2685| 0.02916%) = . ® . « e es, ® L] ¢ e * @ ° e e "% < . f
| S . ® e o . % LY . e % LI
27 |Default 8-RPM(1500)| 38,4581 40.1837 4.487%, = o ® w hd [ [ [] - a_® b ® @,
faul 0 il e f0  .e b e T T o % a0 e o o L] e ©
28 [Default 8 -RPM(1500)|  40.9131 40,9509 0.09245% e & ® . + =y % . ¢, ‘W R . & e LI 1
29 [Default 8 -RPM(1500)|  39.1993 38.3310 -2.215%) [} * . .® L R ® LY
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31 |Default 8 -RPM(1500)|  46.6833 47.2830 1.285%) ° . . ® e
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Add .gdx File
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(@) Import from an Excel, ASCII, or .mat file
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Experiments Experiments Metamodels ‘

Fit

Import. ..
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# Design Set Case Int_Valve_Timing Exh_Valve_Timing cas0_Burn_Angle Runner_Length BSFC Torgue
Type Factors Responses
LInits Cam Angle w | Cam Angle e mm w (gflk-h s |M-m o
1 Default 1 - RPM(5000) 222,343 114.831 2.98518 323.437 325,359 1531.735
2 Default 1 - RPM(5000) 238.730 129,302 20,9121 255,515 335,111 164.918
3 Default 1 - RPM(5000) 220,519 121. 764 B4l 162.632 316.004 155.830
4 Default 1 - RPM(5000) 223.343 120,122 5.29840 274,916 F15.108 167.939
5 Default 1 - RPM(5000) 226.640 137,193 14,9951 346,944 333,674 158.330
[ Default 1 - RPM(5000) 290,737 138.0°70 7.100a0 312,201 324,898 165. 344
7 Default 1 - RPM(5000) 215,362 122,355 -0.549612 388. 514 330.077 143,996
B Default 1 - RPM(5000) 238.434 124.694 18.9639 302,211 328.689 170,227
9 Default 1 - RPM(5000) 232,778 134.840 -3.32121 218,689 328.398 166,117
10 Default 1 - RPM(5000) 218.062 116,400 1.34383 239,150 325.032 148. 745
11 Default 1 - RPM(5000) 220,661 118.473 -5.08213 205,310 334.514 145.142
12 Default 1 - RPM(5000) 241,538 126,232 15.3728 418,810 323.833 132,228
13 Default 1 - RPM(5000) 222,227 136.680 17.2766 450, 747 345,966 142,072
14 Default 1 - RPM(5000) 243,71 120.4995 8.45933 337.8949 317.997 168.6.28
15 Default 1 - RPM(5000) 239,165 121,346 13. 2245 296,738 318.645 171.510
16 Default 1 - RPM(5000) 227,713 133. 125 -1.afl153 373.229 342,985 162.836
17 Default 1 - RPM(5000) 235.240 110.994 27,1286 170,769 J98.163 104.231
18 Default 1 - RPM(5000) 233,906 138.737 23,9054 381,278 364,089 152.537
19 Default 1 - RPM(5000) 227,133 136,228 20, 2668 267,683 F42. 954 154.826
20 Default 1 - RPM(5000) 243.526 138.151 23.1019 223.762 356.536 145.018
21 Default 1 - RPM(5000) 234.142 119.67% 28,1065 368,065 354,918 155.682
22 Default 1 - RPM(5000) 231.863 110.694 29,2631 263.425 379,576 124.680
23 Default 1 - RPM(5000) 291915 111.908 -3.83388 Jal.624 00,713 132.111
24 Default 1 - RPM(5000) 224.664 117.040 11.6705 315.782 322,272 151,968
25 Default 1 - RPM(5000) 230,985 124,233 -3.99658 382,068 340, 544 171.650
26 Default 1 - RPM(5000) 233,706 115.611 -3.02328 211,169 J50.928 137.437
27 Default 1 - RPM(5000) 224,150 126,551 2.3391% 286,497 315,515 171.138
28 Default 1 - RPM(5000) 234.714 123. 584 -1.53563 396,655 319.607 131.050
29 Default 1 - RPM(5000) 292,194 132,232 10.5511 317.704 319.622 171,506
30 Default 1 - RPM(5000) 239.961 122,753 0.110931 241,919 317.321 171.151
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o | scom
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New Open Save
. s =
® ¢ &P W
Case: | 1 | PipeNormal SnaptoFeature 3PointsPlane AutoPlanes  Move Plane Fin Delete Plane
Plane Plane
MAIN
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5[] imported Shapes
& v [ soid shape
@ v i sosd1
OConnecbons
B omensions
Crosncm
(0 References
z
4
Pwe?rm 0 (A Showshape  Show part [[] Show entre model Update Preview |
Cancel o e o | e
_
Il v LY. 348.0569, 408,4547, 106.4787 |mm

Copyright (C) IDAJ Co., LTD. All Rights Reserved.



Z 1D.\)

Pipe-T-Pipe %1k

3 4 S 6 4 8

1

o - * )

FlowSplit created at end

Converted Pipe-T-Pipe System

Copyright (C) IDAJ Co., LTD. All Rights Reserved.




Z 1D.\)

FE M FluidReservoir & Tank3D (Build 1) ®] DL AL FE W 8 & A

WA S AR E T DL B R W E /T A&
B DUE A RAE RN E e WA E R
By Pt EEE AR RAZ B g E B EHEFERRMIT ARG T

Temperature [K]

e R REMETY EEL

“olume of Fluid
—Wapor E10 FluidReserair part WentTankL
— Liquid
q —\apaor
480 — Liquid

Temperature
FluidReserair part YentTankL

500

460 505 +

440

500
420

“olume [L]

i iR LM 2

430
360
0 19500 75000 37500 50000 62500 75000 0 12500 25000 37500 50000 62500 75000

Time [s]

495 -

Time [s]

Copyright (C) IDAJ Co., LTD. All Rights Reserved.




Z 1D.\)

G i

_ W &)

B 5 43D CEDR ¥

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

TER (P HH - B
A ZBENEAFRRATN, £

g

-v2019
-v2020
-CFD

5000

J& Tt

-+/-10% error

10000 15000 20000




Z 1D.\)

BE & 71155
8 R E ARG E EE (B ) EASR KT

=

1.50

0.25}

0.00

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

< (build 1)

55

DI

1.257
1.007
0.75}
0.507

-GT
- Test Data
-+/-10% error

l.xlO5 2.)(105

S
3.x10

S
4.x10




Z 1D.\)

T W L B SAR AR A 7

B igek ERIERA AN EFITE
B YR RmEs., AR AENLENE/ T E.
B {E N F 5 A T 448 NVH FEA

Beam Displacement and Applied Force

—X Displacement =X Force —Y Displacement-Y Force
Z Displacement-—Z Force

o o
oo

N
&)

N O
(@) o

Displacement [micron]

® O
oo

AWNACYMWASY:
B

28

I o
B

o))
00
Force [N]

-102

-180 CMP 0 POWER 180 EXH 360 INTAKE 540
BDC TDCF BDC TDC BDC

Crank Angle [deg]

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

Forces passed to 3D GT
mechanical model to predict
nodal velocities




W e AL EngCy1CombDISRMAE A
® L/ [ T 2 Jm AL B R B £ IR 5 AT
® X FEMST ( Euclidean Minimum Spanning Tree )
i B R A
® Tl AR Hy 2 5 H K

W TR = AR T I R
® 7y T M A B AL (EngCylCombJetIgnition)
T E TR = R
® SITurb #AF F T =E
® LI E T E " LA, 18 F 0 EE IR E

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

Height

' | I—
el
RN\
oy
NN
! " '
S
_\ . /'l" >
' \ I RZ YN
\ —
ey — B
o s\ !R ,f. . W,
1
3
; \\\ -I ’7
. \ ] ¢ :
R




Z 1D.\)

B SITurb Fuel Puddle/Wall Zone Model (Build 1)
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B [EMUE A4 A ] DI K B ki 0 A T £ BT X 38,
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Inception Coagulation
Converts Acetylene to spherical soot particles Multiple soot particles interact with each other and
Wall Zones 660 coagulate
Acetylene |:> 000 g og
o)
C,H, Spliri(jalcs)oot o 000 |::>
Soot growth particles Oxidation
Evolved soot particles react with Acetylene to form Soot particles are oxidized by O, and OH to
more soot convert soot to CO
000 0000 o _
000 |:> 0000 00 Carbon Monoxide
0 00 0000 000
0000 0 00 CO
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