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Computer Simulation and Confirming Tests for Intake
and Exhaust Processes of a 4-Stroke S. 1. Engine
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Sung Soo Kim, Jung Ok Han

ABSTRACT

This paper describes a simulation program of intake and exhaust processes in a 4-stroke
S.I. engine and also studies the relationship among various engine parameters under different
engine speed and load conditions, This simulation program includes the engine cylinder
model for the intake and exhaust processes and its formulation and evaluates the system
characteristics such as inlet mass, pumping work and residual gas in the cylinder-which
influence on power output, fuel economy and exhaust emissions.

In order to evaluate the accuracy of the simulation program, predicted results were
compared with the experimental data obtained on the 4-stroke, 4-cylinder gasoline engine
and satisfactory agreement was obtained.
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Table 1. Specifications of the Test Engine

Ttems Specifications

Cylinder diameter (mm) 77
Stoke (mm) 76
Connecting Rod Length (mm) 136
Compression Ratio 8.6
Valve Timing

Exhsust Valve Opening Angle 60° bBDC

Exhaust Valve Closing Angle 3°aTDC

Intake Valve Opening Angle 16° bTDC

Intake Valve Closing Angle 47° aBDC
Spark Advance at Idling 8°bTDC

Number of Cylinder and Arrangement |In-line 4 Cylinders
Total Displacement Volume (cc) 1415
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Table 2, Engine Simulation Results ( 3000 rpm, Half load)

Simulaticn Input Data
3000. (RPM )

 stroke  emeeaa A —————— 0.0762 (m)
-Bore 0.0770 (m)
Expansion Ratio B.6
-sigma (stroke/crank-radius) «-—-—-—-=s——u-u 3.579

-4 2
Exhaust Val face area = @ ~=————-==--—awn= 9.62 x 10_ (mz)
Intake max open area = = = @ ————e—cme————m- 6.93 x 10_4 (mz)
Exhaust max opep area = =  =====u ———————— 5.16 x 10 {m™)
Ex vVal flow coef. const D e .68 2.02 -3.59 1.60
In val flow coef. const =  ~-—cceemmmeee-n .69 1.45% -2.10 80
RPM  mmmacccm——————— 3000.0 (xpm)
Intake pressure 0.637 (atm)
Intake Temperature 281 (K)
Exhaust pressure - 1.05 (atm)
Cylinder head Temp. = = = ~——ccccmomaeee— 422  (K)
Cylinder wall Temp. e —————— 441  (K)
Exhaust val Temp. = ~e—comemm—moaea 873 (K)
Piston Crown Temp. = =====o -————————— 476 (K)
A/F Ratio e ————— = 15.3
Starting angle = === ceemmmmrmnee—- ~245.0 (degree)
Initial Gas Temp = 00 c—mmmmeeeooo 1111 (K)
Initial Gas Press —————— e ———— 3.56 (atm)
Delta theta ——— 5.0 (degree)
‘sgavenge char 000 s .0
Exhaust freshness = ccmmeccmmecarwa .00
Blow-by factor = =0 ceeemedmee- 1.01

Engine Simulation Results
3000. ( RPM )

Cylinder Mass  coemmmmeo o 2.66 x 1077 (Kgm/cyl)
Inlet Fresh Air Mixture =  —«me-ecc-c-meeaco 2.38 x 107" (Kgm/cycle-cyl)
Residual Gas Fraction = =  w-eemmcccwome—= 10.6%
Pumping Loss =000 @ ———eecasmm—eee- -0.486 (atm)
Volumetric Efficiency =  ——-cmmmmmooooo—— 79.6 (%)
Effective Compression Ratio —=--eceeemeeoaa-- B.70
Heat Loss during Open cycle «~=———--= -2.87 (Kcal/sec)
Temperature Rising of Fresh Air ~-e- 74.0  (K)
Blowdown Loss =000 @ —eeemmmmmmaeeeo 0.065 (atm)
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