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Prediction on Gas Exchange Process of a Multi-Cylinder
4 -Stroke Cycle Spark Ignition Engine
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B. H Lee, J. C. Lee, J. H. Song

ABSTRACT

The computer program which predicts the gas exchange process of multi-cylinder 4-Stroke
cycle spark-ignition engine, can be great assistance for the design and development of new
engine. In this study, the computer program was developed to predict the gas exchange process
of multi-cylinder four stroke cycle spark ignition engine including intake and exhaust systems.
When gas exchange process is to be calculated, the evaluation of the variation of the thermo-
dynamic properties with time and position in the intake and exchaust systems is required.

For the purpose, the application of the generalized method of characteristics to the gas
exchange process is known as one of the method. The simulation model developed was investi-
gated to the analysis of the branch system of multi-cylinder. The models used were the 2-zone
expansion model and single zone model for in cylinder calculation and the generalized method
of characteristic including area change, friction, heat transfer and entropy gradients for pipe
flow calculation.

The empirical constants reduced to least number as possible were determined through
the comparison with the experimented indicator diagram of one particular operating condition
and these constants were applied to other operating condition. The predicted pressures in cylin-
der were compared with the experimental results over the wide range of equivalence ratio and
ignition timing. The predicted values have shown good agreement with the experimental results.
The theremodynamic properties in the intake and exhaust system were predicted over the
wide range of equivalence ratio and ignition timing.

The obtained results can be sumarized as follows.
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Pressures in the exhaust manifold have a little influence on the equivalence ratio, a great

influence on the ignition timing.

Pressures in the inlet manifold are nearly unchanged by the equivalence ratio and the igni-

tion timing.

In this study, the behaviors of the exhaust temperature, gas in the exhaust manifold were

ascertained.
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Read Initial Data;
i) Start Angle
ii) Engine Specification
1) Operating Condition
iv) Cylinder and Pipt—e Properties

A

All Pipe
Comploto?

] Yes

Print the Results

S

|

Calculate the Cylinder Values
i) Determine Properties for Mixture of Unburnt
and Bumt gas
1) Calulate the Pressure Increment Using st
Law of Thermodynamics
i) Determine Next Time Step Value;

_ dpP, |
(P o= P, + &% da

(Mger = (mda+ 4% Aa

(Tr )n+l = (Pch/R:g L >n+1

ii) Pipe Properties

i) Cylinder Properties

if
the Cycle is
Complete ?

Yes

JNO

L

i

Determino Time Incroment,
4Z from Stability

Calculate 4, 8 and Aa at Each Mesh Point except
Boundary Values;
i) Obtain #, Aa from Path Line Calculation
ii) Obtain 4, B at Each Mesh Point Using

Critorion

Store the Current Time Step

Values as Previous One

Mesh Method

Determine 4g, 8 and Aag from Boundary Equations;
1) Determine the Direction of Flow
/1< 1.0 Qufflow from Cylinder
/=10 No Flow
[1>1.0 Inflow to Cylinder
Where H::T:zl ‘1[;:)“ Yiok
ii) Carburetter
iii) Branch
iv) Open End

Not
Converge

]

Calculate P, T and V Using 4, 8 Aa and &;
P (%ag )2k/k—1 P,

T=a} (Va~|2>-‘3>2/k R

B

U=5—7 <

Convergency
of Cycle

Fig.1 Flow Chart for Gas Exchange Process
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Fig.2 Schematic Diagram of Experimental
Apparatus

Toble 1. Specifications of Test Engine

Item Specification
Engine Type 4CYL-IN-LINE-
OHC

80PS/6,300 rpm
10.8 kg -m/4,000

rpm

Mazx. Output
Max. Torque

Piston Displacement, | 1238
ce
Bore X Stroke, mm | 73X 174
Con-Rod Length, mmj 1563.7
Compression Ratio 9.0
Valve Timing
Inlet Valve Open 7° CA BTDC
Inlet Valve Closing | 47° CA ABDC
Exhaust Valve Open | 42° CA BBDC
Exhaust Valve 5° CA ATDC
i Closing

BEETHREE/ Vol.13 No.2. 1991/75

Table 2. Specifications of Engine Dynamometer

Item Specification
Model AD-8061
Type Eddy Current Type
Max. Absorption 125
Power, PS

Max. Absorption 3,900 to 12,000
Revolution, rpm

Brake Arm Length,m | 0.3048

Table 3. Specifi;otions of Combustion Analyzer

Item Specification

Preamplifier Input
Section ;
Number of Channels| | Channel

Input Voltage 0.5 1 2 3 10V
Input Impedance 100KQ

A-D Converter 12 bits

Timing Pulse Input

Section ;
TDC Pulse Range +0.3V

Angular Pulse Range 0.3V
Display Section;
CRT Dot Matrix Type
Dot Matrix Type
300 rpm~8,000rpm

Graphic Printer
Input Revolution
Range
Kistler 601 A
Kistler 5007

Pressure Transducer
Charge Amplifier
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Table 4. Data Required for Computation

Fuel
Composition C:Hus
(Conventional Petrol)

Viscosity Coefficient 2.0x 107 kg/

m-s
Lower Heating Value 42,000kd/kg
Stoichiometric Air-Fuel | 14.551
Ratio
Flame Factor 4.15

Cylinder Wall Temperature| 400K
Annand Coefficient Ag 0.26

| B 0.64
| Discharge Coefficient 0.30
‘ + Carburettor Resistance 152.0

i Coefficient
Pi

1pe Friction Factor 0.0090

|
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