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Abstract

It is well known to diesel engineer. § that the heat release pattern is one of the most
important factors affecting engine perfon mance. Thorough research in heat release pattern
has materially helped the progress in high- -speed diesel engine development. This paper is
based on the research conducted at KAIS T and Daewoo Heavy Industry last year. The
purpose of this paper is to determine the heat Telease pattern in combustion chamber of MAN
M type, the famous low-noise engine.

Thermodynamic cycle simulation was per.formed using Whitehous-Way’s heat release
patvern with modified coefficients and Annand’s' heat transfer model. Instantaneous temper-
ature and pressure of gas in cylinder could be det ermined by the numerical solution of simul-
taneou.s equation of mass conservation, equation (»f energy conservation, and state equation
of ideal gas. Calculated results were compared with measured values in some details emphasiz-
ing upon the factors affecting rate of heat release.

The agreement was fairly good and revealed why M type should have lower burning
velocity at ttxe early part of combustion inspite of higth injection rate. Additional results by
parametric studies were given in relation to fuel injection conditions for further application
to engine development.

Nomenclature
acceleration of gravity, m/sec?

g
A B area, m? H hydrogen
a I coefficient of Annand's equation k thermal conductivity, W/°K
act . coefficient of .reaction rate equation, K, : coefficient of preparation rate
‘K ‘ equsttion, bars—™
b coefficient of Armnand’s equation Ky coefificient of reaction rate equation,
C carbon K/ bars
c coefficient of Anmand’s equation M numbe:r of mols, mol
D cylinder bore, m m numbeir of hydrogen atoms in equi-
internal energy, J valent hydrocarbon fuel
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R

coefficient of preparation and reac-
tion rate equations

mass of airflow through intake valve
nitrogen '

engine rpm, fev/min

number of carbon atoms in equival-
ent hydrocarbon fuel

oxygen

pressure in cylinder, N/m?

mean effective pressure, N/m?
pressure in intake manifold, N/m?
partial pressure of Oxyzen, N/m*
power output, PS

heat value, [

characteristic gas constant, J/kg °K
universal gas constant, J/kg-mol °K
Reynolds. number based on cylinder
bore

stroke, m

rate of fuel injected up to
crankengle @

rate of fuel unprepared at

crankangle @

. preparation rate of fuel at

crankangle @

. reaction rate of fuel at crankangle

@
temperature in cylinder, °K
temperature in intake manifold, *K
polynomial coefficient of enthalpy
volume in cylinder, m®

average piston speed, m/sec
coefficient of preparation and
reaction rate equation

burning rate

ratio of specific heat
instantaneous average fuel film
th_icknesa at crankangle @, mm
nondimensional fuel film thickness
(=4/d;)

total fuel-film thickness .

Ten :  indicated thermal efficiency, %
¥ ! dynamic viscosity of air, kg/m-'s
y’A : friction coefficient through intake
valve
p . density of air, kg/m®
p’ . density of particle, kg/m?®

crankangle, degree
" :  shape function determining mass flow

rate through intake valve

Subscripts

H: heat release

[ number of time interval
exponent of temperature
component

reference state

total
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Table 1. Coefficients for Heat Release and Heat
Transfer Modeling.

x 1
m 0.01 Ref. (3)
act 1.5%10*°K

' K» 0.0052bars™"™ Present
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0.2

b 0.7 Ref. (6)
c 3.28x107*J/sm*K*
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Table 2. Details of Engine Used in Experiment

and Model Calculation,

Engine Type T/C, Direct Injection, MAN-M ‘

Bore 0.123m
Stroke 0.150m
Length of Connecting Rod 0.275m
Compression Ratio 16.5
Operating Cycle 4 strokes
Fuel Used Diesel
Number of Cylinders 6
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