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AN INVESTIGATION FOR IMPROVING POWER PERFORMANCE BY VVT EFFECT OF SPARK
IGNITION ENGINE BY WAVE SIMULATION

This paper is done by smulating 2.0 DOHC engine with WAVE 7.2 program of Ricardo and identified valve
timing variables for increasing the performance of the engine. The smulation results are highly agreed with
WOT torque experimental data and helped to predict the tendency of performance as the valve timing change.
Further, a VWT system can be used to improve fuel consumption, performance and emissions. This paper also
describes the effect of VVT terms on WOT power, torque and residual gas content. WOT torque was higher when
intake valves were closed early for low rpm and late for high rpm.

Key words:. variable Valve Timing (VVT), Wide Open Throttle @), Maximum Open Point (MOP), Air
Fuel ratio (A/F).

Introduction pumping loss. Those can be calculated very well by
An internal combustion (IC) engine is the most means of engine cycle simulation, but combustion
common technology to power vehicles. The use of ICquality, emissions, fuel consumption can only be es
engine leads to some serious problems regarding eriimated, as long as measurements do not exist. This
vironmental degradation and consumption of fossilpaper can help decide VVT strategy in the earlgesta
energy. Fossil fuel depletion is another major glob of development process.
concern that affects the viability of IC engine. \8e
need such an engine which has high power and high Test condition
efficiency as well as low exhaust characteristic in  The engine test apparatus is showed in Figure 1.
over the world. Automobile companies are making The engine specification used in the model is shown
different automobile parts by using many techniquesin Table 1. Engine power and torque is normally
It helps us to improve automobile performance andmeasured with a dynamometer (Froude Co.). A/F and
developments of new automobile technology. As aexhaust emissions measured by a gas analyzer (Hori-
result it reduces research period and special iechnba Mexa7100).

cian. Table 1

First of all, we understand engine basic characte-
ristic by engine operating performance test ovér al Engine specifications
load ranges. We anticipated engines performante tes Description Specifications
py ch_anglng parameters s.uch as VVT. We get effec- _ In-line, 4  cylinder
tive simulation result by using WAVE. Engine type DOHG

Fixed valve timing system has limits on the im- Displacement 1975¢cc
provement of performance, fuel efficiency and emis- P
sions over all engine operating conditions. Thetéim | Bore x Stroke 82 mm x 93.5 mm
can be overcome by making valve timing variable, | Compression ratio 10.1
VVT system. —

Thgre are four types of VVT, only intake cam Firing order 1-3-4-2
phasing, only exhaust cam phasing, intake and ex{ IVO/IVC BTDC 9° / ABDC 43°
haust cams phasing equally, and intake and exhaust eyvoO/EVC BBDC 50° / ATDC 6°
cams phasing independently.

In this paper, intake cam phasing independently Max. Power 138ps / 6000rpm
system was studied to understand the effects on WOT Max. Torque 18.6kg-m / 4500rpm
performance by using WAVE, one-dimensional cycle
simulation code of Ricardo. The test of performance we used at WOT condi-

Engine performance was analyzed in terms of retion. The engine was accelerated at high load from
sidual gas fraction, intake manifold pressure andl1000 to 5000 [rpm], with steps of 500 [rpm]. Foclea

* - aBTOP, C KOTOPBIM CJIEIyeT BECTU TICPEIHCKY.
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Figure 1 Experimental Appar atus

engine speed set the following reads were made: en- Simulated results were compared to the experi-
gine speed, load, fuel flow rate, intake air teraper mental data at WOT for different speeds. The experi
ture, intake air flow, intake manifold pressure; ex ment and simulation results of engine power, torque
haust gas pressure, exhaust gas temperature @nd cdSFC, intake air pressure and intake air tempegatur
lant temperatures. Ambient pressure 0.097[MPa]separately shown Figure 4.The simulation results

ambient temperature is 302[K]. show a good agreement with engine experiment re-
Simulation and Validation sults. As can be seen, the differences between the
experiment and the simulations are rather small.
Simulation Therefore, one can assume that the described engine

WAVE is the market-leading 1SO approved, 1D simulation model is good enough to be employed for
engine & gas dynamics simulation software packagehe VVT development.
from Ricardo Software. It is used worldwide in iselu MOP of base is 464/248(IN/EX) CA. Exhaust
try sectors including passenger car, motorcyclekir  MOP is fixed same as base, and intake MOP is
locomotive, motor sport, marine and power genera-changed from 444 to 471 CA. Figure 5 show the re-
tion. WAVE enables performance simulations to be sult of WAVE simulations and experiments.
carried out based on virtually any intake, comtmusti When the intake MOP is small, it means intake
and exhaust system configuration, and includes aalve closes early. As the intake valve closesygarl
drivetrain model to allow complete vehicle simula- volumetric efficiency increases at low and middle
tion.[1] engine speed. Because the inlet valve closes taker
WAVE can be used to model the complete inter-start part of the compression stroke, a reverse @b
nal combustion engine. Figure 2 shows WAVE en-fresh charge from the cylinder back into the intake
gine model. Enginesimulation model was con- can occur as the cylinder pressure rises due torpis
structed from snorkel to tail-pipe. The input dafa  motion toward top dead center.
simulation are acquired through engine test. Figure When the intake MOP is large, it means intake
shows the simulation flow chart. valve closes late. As the intake valve closes hate,
lumetric efficiency increases at high engine speed.

Validation
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Figure 2 WAVE engine model

Hardware dimensions

Intake & Exhaust System: Diameter, Length, Volume, Curvature, Appearance
Engine : Bore, Stroke, Connecting Rod Length, Compression Ratio,
Valve (Lift, Diameter, Timing, Duration, Number), Cam Profile, Clearance Height

v

Conditions

Ambient Air Pressure/Temperature, Throftle Angle, Fuel, AFF (11~15),
Initial Temperature of each parts

v

Burning

CAS50 (9~27deg), Duration (24~26deg)

v

Coefficients

Flow, Friction, Heat Transfer

Experiment = Simulation

Intake & Exhaust Pressure/Temperature,
Mass Flow Rate (Air, Fuel)

Experiment = Simulation

Torque, Volume Efficiency

Figure 3 Flow Chart of WAVE smulation
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The inertia of the gas in the intake system as thahe performance of low engine speed. In contrast,
intake valve is closing increases the pressurdnén t large MOP is better for high engine speed.
port and continues the charging process as thenpist
slows down around bottom dead center and starts the
compression stroke. This effect becomes progressiveE 80
ly greater as engine speed is increased. By late exE 0
haust valve closing, more advantage of the inetia :
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12
1%}
£ 0097 Simulation results with VVT showed 6% volume-
° tric efficiency increase at 2000 rpm, power inceeas
© 0.096
= 7% at 2000 rpm, residual gas fraction 24% improve-
0.0%5 ment at 1000 rpm compared with base.
< Available MOP points will be limited by combus-
© 306 tion stability, and simulation results can be used
2 the first stage of VVT system development prior to
g 3 & claton experiments.
£ a0 Nomenclature
'_ -
(0]
© 300 VVT : Variable Valve timing
2

208 DOHC : Double Over Head Camshaft
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Engine Speed [rpm] WOT : Wide Open Throttle

MOP : Maximum Open Point
RPM : Revolutions Per Minute
BSFC: Brake Specific Fuel Consumption
IN: Intake Valve
EX: Exhaust Valve
CA: Crank Angle

Figure 4 Comparison experiment with engine
simulation results VVT simulation

Conclusion

This paper helped to understand the advantage
VVT system, relationship VVT system and engine
performance.

Simulation was performed with intake cam timing
sweep and fixed exhaust cam timing same as base. . .
Although the points of rpm that reverse torque were 1._ Ricardo Software User Manuals and Tutorials,
not perfectly consistent with experimental results,\/ers'On 72, 20.06 . u
overall tendency of torque changes was an acceptabl 2. Gh(_)ongS_|k Kim, Byqungkuen_ Oh, P.effof'
level. The results showed that small MOP is bdter Mmance Simulation of an In-line 6 Engine Considering
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HNCCIEJOBAHHUE IMTPOLECCA JAETI'ABAIIMA
I'NIPABJIMYECKOI'O MACJIA C YYETOM EI'O BUBPAIIUN

Hcceneoosanue énusinus 6u6p061<0pocmu 2uc)p06ai<a HA CKOpocmb 6CNJIblMusl ny3vlpbKa 603())/)661 Uu nojiyyerue

DYHKYUOHATLHOU 3A6UCUMOCTIU MEICOY HUMIL

KaroueBble ciioBa: TUAPOIIPUBOL, THAPABINICCKOC MACJIO, ACra3alus, BI/I6paHI/IH, BI/I6pOCKOpOCTI>, ITY3BIPCK

BO3/1yXa.

DKCIDTyaTanusl TPY30NOAbEMHBIX ~MAIllWH, HE
AMEIOIIUX CPEICTB JAera3aluu padodeld >KUIKOCTH
THIPOTNPUBO/A, MPUBOJIUT K YXYALNICHHUIO THHAMMYC-
CKMX XapaKTepHUCTUK [3] HCIONHHUTEIBHOIO Mexa-
HU3Ma, K OCHOBHOH M3 KOTOPBIX OTHECEHA CKOPOCTh
JBIKCHUS TIOPITHS THAPOIWIMHIpA. BMecte ¢ Tem
MIPUMEHCHHUE YCTPOWCTB Jera3alliil B HACTOSIIEE
BpeMsI, BEPOSTHO, HEIOCTATOYHO A(PPEKTHBHO, TaK
KaK OHU HE YYHUTHIBAIOT BUOpammil THIPOPHUIIHPO-
BaHHOU MAIITHEI, BCET/Ia MPUCYTCTBYIOIIUX BO BPEMs
ee OKcIDTyaTanuu. VccrnemoBaHWiA, OTpaKarOMINX
CTCIICHb BJIMSHUS BHOpAlMM HA TIPOLECC Jera3aiuu
paboueii sxunkocTu, He obHapyxeHo [1, 2, 4, 5],uro
Y OTIIPEICITUIIO aKTYaJIbHOCTh dTOH paOOTHI.

enbto uccnenoBaHus SBISCTCS U3YYCHHE IIPO-
Iecca Jiera3aiyy THIPABINIECKOr0 Macia ¢ yIeTOM
BHOparmu. B kauecTBe OCHOBHOH I1eIeBOH (hYHKINH,
OIMMCHIBAOIICH TPOIIECC Jera3aly U BIUSIOMICH Ha
CKOpPOCTh JIBIKCHHS TIOPIIHS THUAPOIMIAHAPA, TIPH-
HSTa CKOPOCTh BCIUIBITHSI ITY3BIPHKOB Bo3myxa. K
OCHOBHEIM (DaKTOpaM, BIUSIOIIAM HA OCHOBHYIO IIe-
JIEBYI0 (YHKIUIO, OTHECCHBI. TUAMETP ITy3BIPbKa,
BSI3KOCTh W TEMIIepaTypa THIPABIUYECKOrO Macia,
BHOPOCKOPOCTH THIPOOAaKa.

BubpockopocTs THapoOaka Kak OIWH W3 BaxK-
HEHINX TOoKa3aTenell BHOpAIWH, COTIACHO HUCIIBITA-
HUIO, MPOBEICHHOMY Ha JIECO3arOTOBUTEIHHON Ma-
mmae JITT-18K2, m3mensiercs B mpepenax ot 5 qo 17
mM/c. KnaeMaTrueckas BA3KOCTh pabodei KUIKOCTH
mmensiiack ot 12-10° M%/c no 54-10° m%c. Temne-
paTypa rUApaBIMYCCKOrO Maciia BapbUPOBAIACH OT 3
°C nmo 20 °C. lnameTp my3bIpbKa YCIOBHO OB BBI-
Opan 65-10" m. Tertosas KOHBEKILIMS THIpaBiIHye-
CKOT0 Maciia He YYHUTHIBAJIach. DKCIEPHUMEHTAIHHBIC
WCCIICIOBAHUS IIPOBOIMINCH B JIAOOPATOPHOM ITOMeE-
IICHUU C YY4ETOM OOIIMX MPHWHIIUIIOB TCOPUU WHXKE-
HEPHOT'O SKCIICPUMEHTA, TPU TOCTOSHHON TeMIiepa-
Type OKPYXAroIIero Bo3myxa, 0e3 momagaHus Ha yc-

* - aBTOp, C KOTOPBIM CIIEAYET BECTH IEPEIHCKY.

TAHOBKY TPSIMBIX COJTHEYHBIX JIyICH.

Ha puc. 1 npencraBiena cxema CTeHJa, KOTOPBIH
BKJIIIOUaeT B ceOsi CTEKISIHHYIO TpyOky 1, Tarm 2,
JIEKTPOABHTATENb 3 CO CMEIICHHBIM IIEHTPOM TsDKe-
CTH, Uy 4, ITHEBMOHACOC 5 PYyYHOr0 THIIA, TATYHK 6
JuIsl u3Mepenust BuOpockopoctH, Budbpomerp 7. Crek-
nsgHHAs TpyOka 1 mpencraBisier coboi rumpodak c
MIPO3pAaYHBIMHU CTEHKAMH JUISl BU3YaJIbHOTO KOHTPOJIS
XO0/1a KCTIEPUMEHTA, HATIOTHEHHBIH THIPABIMIECKAM
maciom MI'-15B (TOCT 17479.3-89).

[MorpemHoctn  npUOOPOB, HCIOJIB30BAHHBIX B
9KCIIEPUMEHTAIIBHBIX HCCIICOBAHMAX, HMMEIOT Clle-
nytorue 3Hadenus. repmomerp TJI-2 + 1 °C, Bucko-
sumetp KamwutsipHoro tuma BITDK-2 + 0,2mm/c, us-
Mepurens BuOpokonedbannii «MHK-2.4» —udpocko-
poctsb + 0,1 mm/c, Bpemst BeruibITus Ty3biphka + 0,04
¢, BBICOTA BCILIBITHS IMy3bIpbKa * 0,5MM.

[Tpn BKJIIOYEHUH MCTOYHUKA KoneOaHuit 3, cosa-
ercsi BHOpauusi, KOTopasi IiepelaeTcsi T'HApaBiInde-
CKOMY Macily, HaXOASAIIEMYCsl B CTEKISIHHOH TpyOKe
1. Ipn BKIIIOYEHNM MCTOYHMKA 3 BO3HUKAET BHOpa-
Iyst, a TSITU 2 mepenaoT ee CTeKIsIHHOW Tpyoe 1 B
OJJHOM HalpaBJieHWH. BuOpamwms OoT CTEeHOK CTEKJISH-
Holt TpyOs! 1 nmepenaercst maciny MI'-15B, B xoropoe
Yyepe3 Uriay 4 mocpeacTBOM pyIHOTo ITHEBMOHAcoca 5
BBOJIUTCS ITy3bIPEK Bo3jayxa. Benmnumna BHOpockopo-
CTH BapbHpOBAJIACh ITYTEM HW3MEHEHHS 3JEKTpHUe-
CKOT'0 TOKa, IOCTYMAIOIIEro Ha AJICKTPOIBUraTeNb 3.
JUist M3MEHEHHs DIICKTPHUUYECKOTO TOKa MCIOIb30Ball-
cs1 maTep.

[Mokazanuss NprOOPOB (PUKCHPOBAINCH BU3Yyallb-
HO, a BCIUIBITHE ITy3bIPbKAa CHHMAJIOCh Ha BHJICOKa-
Mepy CO CKOPOCTBIO ChbEMKH 25 KaJI[pOB B CEKYH]y H
paspemennem 720Ha 576 nukceneid, 3aTeM 3amHChI-
BaJOCh HA MAarHUTHBIA HOCHUTENb U 00padaThIBAIOCH
Ha OBM c 1enbio onpeseneHust BpeMEHH BCIUIBITHS |
Jauamerpa IysbIpbka. Ilepen mposeaeHueM SKcnepu-
MEHTa JUIsl JKUJIKOCTH, UCIIOIb3yeMOH B CTeHAE, NpH
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