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A Study on Performance and Exhaust Gas Prediction
in dedicated CNG Engine
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ABSTRACT

“To reduce the particulate matter and nitrogen oxides from diesel engine, many studies
are proceeding and being accomplished practically. In this situation CNG engine has
important meaning both as a clean fuel and an alternative energy. In order to present the
direction and application of CNG, we simulated various operating conditions, that is, spark
timing, compression ratio and fuel composition etc. Thus we try to understand how those
affect performance and exhaust characteristcs. The simulation program results found that
the optimum combustion start angle was 21° at 1800rpm and fuel composition affects
performance and emissions, also we could understand the formation of emission as crank
angle is changed.
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A. c2=¢3=c4=0.0 : Constant heat transfer
B. c1=c2=¢3=0.0 : Eichelberg form
C. c1=c4=a=0.0 :Annand form

Table 1 Fuel composition

Fuel A | Fuel B | Fuel C | Fuel D
Mass % | Mass % | Mass % | Mass %
Methane | 60.0 75.0 8.0 100
Ethane 250 100 10.0 -
Propane 150 150 5.0 -

A/F stol. | 1463 16.77 1538 17.10
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D. ci=c3=c4=0.0 : Dittus—boetler correlation
accompaning turbulent flow

E. ci=c3=c4=a=0.0 : Karim & Watson'’s
expression
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Table 2 Modeling level

Modeling level
Feature
5 4] 3 | 2]
Zero pressure drop flow
Poppet
al : flow reversal only at
valvi
Rlow ¢ where dis -continuities are
formulas )
: possible
Flame |Kinetic| Equilibrium
Flame ) Instan-
, Mass burmning formulas
propagation | - taneous
Burned
umec gas Finite rate Bquilibrium
chemistry

Write(5)
Code cord J

Subroutine REACT

Read & process fuel cards

Stora names of specles
te be omitted In OMIT orray

ENTRY ADDAIR(AJCOEF)

Add air te chemical system

Subreutine SEAR

Subroutine GENEX

where colculations
are lo resum

el ISTART=cycla number

Subrouiine RETART

Writa(5)
Error message

|
Entry CONTNU
(GENEX)

_..( ‘ Stop
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Table 3 Specification of base engine

Item Contents
Engine type Direct 4-stroke
Bore X Stroke 123mm X 155mm(6)
Displacement 11,051cc

Compression ratio 110:1
Max. power 225PS5/2,200
Max. torque 81.5kg - m/1.400

Fuel injection order 1-5-3-6-2-4

Table 4 Input & output data
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Input

Output

Reactants, RPM, Bore, Stroke,
Connect rod, Combustion area,
Wall temperature,

Mass / Cycle (g)

Mean intake mass flow rate (g/sec)

Mean exhaust mass flow rate (g/sec)

Energy / Cycle (J)

input EGR rate, Burn timing,
Cycle number, Level number.

Specl- Compression ratio.
pe(? P Average energy rate-power (kW)
flcation | Exhaust pressure, —
. Cycle efficiencies
Manifold pressure, Tndi
Fuel pressure, Humidity, n .cated work
Air temperature. Indicated power
Net work
) i Indicated pump work
. Eqmval(-enti ratio, Indicated pump power
Air-fuel | Spark timing,

Heat loss

Heat loss rate

Exhaust chemical energy

Parameters for Intake flow,
Parameters for exhaust flow,
Flow Intake valve open,

Intake valve close

Exhaust valve open,
Exhaust valve close.

Input

Exhaust power

Indicated mean effective pressure (atm)

Pump mean effective pressure (atm)

Mean torque (N-m)

Composite exhaust gas mole fractions

Fresh charge mole fractions
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Table 5 Modification items

Modification Base engine CNG engine
Piston Reentrant Open dish
Control Pump governor, Timer ECM

Turbo-charger

Mechanical waste gate

Electronical waste gate

Ignition device -

Plug-cable-coil-ignition control device

Fuel supply Pump, nozzle

Injector, CNG/Air mixer, Throttle

™
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(a) Diesel piston (b) CNG piston

r

Fig.2 Comparison of piston

Ture

CNG TANK

Fig.3 Schematic diagram of test apparatus
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Fig.16 Effect of fuel composition to power
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