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Calibration of a 4-cyl engine model

Integration of modeFRONTIER with
GTPower
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~'% MOdeFRONTIER Summary

 Model definition (GTPower)

e Optimisation workflow (modeFRONTIER)

 Analysis of results



EmodeFRONTIER 4-cyl engine: GTPower model

HWoxdineder Bl enpires with oah
|5 £ Eovha i i G S Do G G

Saghmill

Alnkunrariill [slgidl Be Crliedenly 5 ExPor0l 19E«Runnilg
=

] -
:Mél:ﬂ: % hh\'\i.&
: : A
;:l seakin GE[:' 7305,
B s -oa P e

1 1AInku nn-!n:l!lﬁ [Pkl Elinefarild =3 [aPorkl2 200 Fon nidel T Ill .!',F'q
Hﬂ f
50

?’{“@: 3
IIl Id ']E
Hagheil 3 = :-cezli ¥
E 8l B lo a0 g7 =

raclcil? [APamly 56 Eyliealamld 0 ExPold Elilﬁuﬁ-‘-hlilé:llll'

Smgknil 'Ill
jﬂ@ [

ITInFunrmrldll [mPorkdy 5T C

2@

o< IR

o o[l

e air intake é £ E i
* 4 cylinders, 8 valves T T T

 crankshaft e le

* catalytic converter and outlet
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Engine data description

o 4-stroke 4 cylinder 2.2L

e Bore: 93mm,; stroke: 81mm; compression ratio: 8.9
e 2 valves per cylinder

e Port injection

 Combustion: Wiebe function (with spark trimming
simulated by the 50% burn point parameter)

 In-cylinder heat transfer modeled by Woschni model
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Main GTPower model parameters

Variable name | description min max
1 Tport Intake port temperature [K] 300 |[500
2 Rlenght Runners lenght [mm] 300 |[800
3 HrunM Runners heat transfer multiplier 0.2 2
4 Hplenum Plenum heat transfer multiplier 0.2 2
5 Elash Exhaust valve lash [mm] 0.1 0.5
6 Etiming Exhaust valve timing [° ] 100 |150
14 llash Intake valve lash [mm] 0.1 0.5
8 Itiming Intake valve timing [° ] 200 |260
o] Xmap Scaling factor of Pressures ratio for lift-losses map 0.1 1.8
10 Ymap Scaling factor of Lift for lift-losses map 1.2 2
11 Zmap Scaling factor of Losses coefficients for lift-losses map 0.1 2
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Main GTPower model parameters

TYTITTOET =1 ETIGITTE ol
L. o s s me s ome s ome s g s B s ke s ) 5 contained in & subay
|
1 bl 1 2 1 2 1 z
@08 o0 o
!L1|:|_|:u:|_ 1\? C&001 25323 @3 460045  |A
ﬂ Edit Part: InPort(1
Template: | Pipe Part: | InPortC
Cihject: |InP'|:|rt Y Edlit Chject
L8
A Cormnert;
Attribute Uit Ohject Yalue Part Cwverride

Diamneter at Inlst End Frif w 35

= | Dismeter st Outlet End v R 35

I

Lehoth i | 110
Dizcretization Lenoth il w [d=i]
Surface Roughness FriFTI ,V 0.25
Wall Temmperature [ | b [Tpart]
Heat Conduction Ohkject -‘ign
Initial State Marme \"n'rt

\

Each parameter is defined indicating the variable name between [ ] in

the definition of each part of the model
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Main GTPower model parameters

» The starting valueéf each parameter are define

» The engine speed is defined for 10 different rpm conditions
* All data are written by GTPower in engine.dat that becomes the modeFRONTIER input file

y the CASE SETUP menu

Parameter Lt Lakel gy} 2 on) 3 [on) 4 [an) S [an)
BOURIMIT Shivebe burn durstion 16
DXE jmn Discretization lencgth exhaust a1
Dl Imm Discretization lencth intake 37
—» | ELASH Imm Exhaust valve lash 0.3
— > | ETIMING Cam Angle Exhaust Yalve Timing 126
EXHIMITP {lar Initial exhaust pressure 1.22
EXHIMITT IK Initial exhaust termperature 1120
EXHTWYWALL IK Initial exhaust wall temperat. .. 1000
—» | HPLERM Heat Transfer Plenum hultip... 1
— > | HRUMK Runners Heat Transfer kuli... 1
HTRMULT Heat transfer multiplier used. .. 1
—» | ILASH frnim Intake valve lash 0.z
—p | [TIMING Cam Angle Intake Yalve Timing 239
MLUFFIMITR {lar Mutfler initial preszure 1.1
MUFFIMITT IK Mutfler initial tetmpersture GO0
TALIF WAL IK huffler wwall temmperature 225
MG Simulation duration 40
———» | RLEMGTH jmim Runners lenght B4 S00
RPh IRPM Engine Speed Sa00 a000 4500 - 4000 3500
THESOIMIT Shivebe arﬁbaa/ngha 10
THROTARNG Wﬁngle an
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Calibration purpose

 The purpose is to set the 11 model parameters in order to
minimise the simulation error with respect to the experimental
data (relatively to volume efficiency vs rpm chart)

e For this goal, we use modeFRONTIER to define an optimisation
case with minimisation of volume efficiency error as objective
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modeFRONTIER workflow

DOE SIMPLEX GT ppwer _Vﬁfﬁl%create 3
=0 =0 =0
aer Eokep Elg pilidlp

Design parameters
Input variables

11 parameters

Output variables
Volume efficiency error

[

engine.out Weff. dat %
=) =)
|rror

Design goals

Minimize Veff error

Sampling phase:

Random Doe — nr initial individuals: 12
Exploration phase:

SIMPLEX initial phase — NLPQLP refinement




modeFRONTIER modeFRONTIER workflow

a muifl -ochecise optmabon and cosion oo

L LU S AL PRI = LR LT L P R R | | < EDTEINTT=16 unithef=0 unitlzer=0 Iabel="5TWebhe burn duration™
594 DxE=51 unithef=3 unitlUser=3 label="Dizcretization length exhaust
E %I E E E g§495 DikI=37 unltDEf 3 u.nltT_Tser 3 lahel= "DlSCIEtlZElt.an length intake"
T G T i T|896 ELASH=£VAR namﬂ "ElaSh” fnrmat—"U DDDDD"E> unithef=3 unitlUser=3
597 ETIMING=<VAE name= TEtlmlng" furmat—"D.DDDDD"j> unithef=179 unitl
595 EXHINITE=1.22 unitDef=25 unitlUser=25 label="Initial exhaust pres
EnquImt g949 EXHINITT=1120 unitDef=32 unitlser=32 label="Initial exhaust temp
900 EXHTWALL= ef=32 unitlser=32 label="Initial exhaust wall
qEﬁ anl HELE amne="Hplenun'" format=""0.00000" /> unitDef=0 unitlser
T anz HEUNM=-=¥AR name="HrunM™ format="0.00000% /> unitDef=0 unitUser=0
ans HTMULT=1 unitDef=0 unitlUser=0 label="Heat transfer multiplier us
S04 ILASH={VAH_ﬂﬁmE="fIaSh" fp:ﬂﬁti"ULDDDDD"fﬁ unithef=5 unitlser=3
o0s ITIMING=<ViF name¥"Itimipg" furmat=“D.DDDbD"jﬁ unithef=179 unitl

SIMPLEX GTpbwer ang MOFFINITP=1.1 unitDef=25 unitlser=25 label="Muffler initial pre

~ an? MUOFFINITT=600 unitDef=32 unitlUser=32 label="Muffler initial temp

N [ =L & D*D 905 |MUFTWALL=525 unitDef=32 unitUser=32 label="Muffler wall temperat
ONE

7 909 MCY¥C=40 unithef=0 unitlUser=0 label="53imalation duration®™

aln RLENGTH=2VAR name="RElength” format="0.000007 /= unithef=3 unitllise

all EPM=5000 unitDef=139 unitUser=139 label="Engine Speed™

alz THESOINIT=10 unitDef=0 unitlUser=0 lahel="3TWehe anchor angle™
ql3 THEOTANG=90 unitDef=0 unitlser=0 label="Throttle angle"

e

914 lT|PDRT=ﬂAR naxhe:"imrlt" format="0.00000% /> unitDef=32 unitUserﬁﬂ
4

|Row: 1 Col| |Len: 6749 | | |

| Harme DCCUFBNCES
g | ¥l [Tport 10[2]
| 1 | ¥ |Hrunm 10| |
. ; g [¥l Elash 10
put Yariables rIEOutquanables Fy . ¥ [Efiming ol

Each input parameters is indicated by modeFRONTIER
inside engine.dat file with correspondent format
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script)
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gtpower engine.dat

exit 0

This very simple UNIX command is used to run the GTPower model reading the parameters modified
by modeFRONTIER
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& MOdeFRONTIER oython program)
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from java.lang import String as string
f=1

infile_name = CWD + "¥¥engine.out'
outfile_name = CWD + '"¥¥Veff.dat'

keyword = "VOLEF(tot) VOLEF(man)"
find = string.indexOf
infile= open(infile_name,r) In engine.out GTPower output file, the
while 1: data relative to Volumetric efficiency are
line = infile.readline() found and reported in Veff.dat file
if not line:
break

if find(line, keyword) <> -1:
line = infile.readline()
s = line.split()
f.append(float(s[1]))
infile.close()
outfile=open(outfile_name,'w")
for i in range(len(f)):
print f[i]
outfile.write("%s¥n" % f[i])

outfile.close()
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modeFRONTIER workflow (curve_fitting.pyt)

f=
ft=1] # calculate absolute difference
target_file = CWD + '¥¥Veff_target.dat’ d=]

dr=1]]

for i in range(len(ft)):
d.append(abs(ffi]-ft[i]))
dr.append(abs((fi]-ft[i)/ft[i]))

# numerical integration: trapezoidal rule

real_file = CWD + "¥¥Veff.dat'

# load TARGET data: one column file
infile = open(target_file,'r’)

while infile:

line = infile.readline()

s = line.split() integral = 0.0
n = len(s) for i in range(len(d)-1):
ifn == 0: integral = integral+(d[i]+d[i+1])/2.0
break integral = integral/(len(d)-1)
ft.append(float(s[0])) print integral
infile.close() outfile=open(‘error.dat’,'w")

T 1 IIO n 0 H
# load REAL data: one column file outfile.write("%es¥n" % integral)

infile = open(real_file,'r") outfile.close()

while infile:
line = infile.readline() The Volume efficiency data read in Veff.dat
s = line.split() file are compared to the target data, and
n = len(s) the mean relative error is written In
ifn==0: error.dat file
break
f.append(float(s[0]))

infile.close()
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Histary Chart - MIM_etror on Designs Table
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After 150 SIMPLEX iterations, the Veff error has been reduced from 30% to 1.4%
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Optimisation results
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After a total of 250 SIMPLEX iterations, the Veff error has been reduced to 0.23%
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Fiziory Chart - W8E_srmor on Desgres Tabis
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And after a total of 750 SIMPLEX iterations, the Veff error has been reduced to 0.16%
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Optimisation results

comparison between target data and simulation (Veff vs RPM)
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Optimised (150 run) : Mean error=1.42%
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Optimisation results

comparison between target data and simulation (Veff vs RPM)
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Optimised (250 run) : Mean error= 0.24%
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Optimisation results

comparison between target data and simulation (Veff vs RPM)
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Optimised (500 run) : Mean error= 0.18%
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Optimised (750 run) : Mean error= 0.16%
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Statistical correlation

A positive number reveals a direct correlation, a negative reveals an inverse
correlation, O indicates that the variables are not correlated

Elash Zmap Etiming | Hplenurm | Hrunbd | llash ltiming | Rlength Tport Hrnap ‘roap | b _error
Elash 030 [DEHESNN 021 022 R : P
Zinap S 066 l  BEN
Etiming 004 — 024 045 Bl
Hplenum 066 ; 017
Hruinhd 015 026
lash 022 040 i}
Hitmiri z
Rlength
Tport
Hmap
_rmap
fllld_errar

» 3 variables are low correleted with objective: Etiming, llash, Ymap
5 variables are highly inversely correlated: Zmap, Hplenum, Itiming, Tport, Xmap

3 variables are highly directly correlated: Elash, HrunM, Rlenght
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Farallel Coordinates - [Elash, Zmap, Etiming, Hplenurm, Heunkd, llash, ltiming, Rlength, Tport, Xmap, ¥map, MIN_error] on Designs Tahle

Elazh Zrmap Ctiming  Hplenum Hrunkd llash [tirning Rlength Tport Wrmap Ymap MM _error
i 200 150.0@ T 140 =z J7 ?59_93‘17 1 g A— e T8 404161 4
ek 25417 722941 ' 3.1 7.5661E-1

480,08

0437 1818

145.04 1

039 1181
03571

0327

02871

0.25 {8

0.21 12530811

1. 7002E81 1

017 f 0487 M0.3sT 0557 340.00 7 04471 1.48 1
0143/ 0.29+1 105.39 1 0.36 1 320,00 1 0.27 1 1.41 1 8.6219E-] L
010 010 100445 RN 0105 00 20167 JI0N00A  DO0.00a 00 1. 002 P06

To produce low value of error, most of designs have:
» High values for the variables: Zmap, Hplenum, Tport, Xmap

* Low values for the variables : Elash, HrunM, Rlenght

Parallel chart

Filter on the
designs for
low error
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Conclusion
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modeFRONTIER has been used to set properly the parameters
of a GTPower model, relative to a 4-cyl engine, in order to match
the experimental data (inverse design)

A Simplex optimisation strategy has allowed to reproduce the
experimental Volume efficiency vs RPM chart with less than 0.2%
of relative error

Statistical analysis tools of modeFRONTIER has been used to
find which are the most significant parameters for the calibration



