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Numerical Prediction of Low Heat Rejection Diesel Engine Performance
for Small Size Vessel

Moon Yeal Baek™, Kyo Seung Lee" and Shin Hyung Kang™

Kyonggi Institute of Technology”
Konyang University™

Abstract

It is known that over 60% of engine power is dissipated into circumstance, cooling water
and cooling oil without any conversion into useful work. Foliowing the first law of
thermodynamics, it is possible that heat loss to cocling water can be converted into
mechanical work through crankshaft. But in case that the engine is operating without any
cooling effect, the serious problem unsolved so far is the engine durability . In this study,
LHR(Low Heat Rejection) engine was introduced as one of the promising engine and
several useful gqualitative and quantitative data were drawn.

% Keywords: LHR engine(XM gz4& diX), Cycle Simulation(AlOI2 AIE2I0/4&), Diesel Engine(Ci
M), Comprehensive Heat Transfer Model(Z & SN Ddl)
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Table 1 Properties of selected metallic alloy,
ceramics and quartz

Metal Alloy Ceramics
Property cast—iron | silicon nitride
~ | Quartz
Aluminium [silicon carbide
Nimonic zirconia
Allowable 500 1300
Temp. 200 1400 1000
(c) 800 1000
250~300 300~800
Strength
150 350~550 50
(MPa)
700~1100 200~1000
Thermal 40~55 8~35
Conductivity 155 20~60 1.4
(W/mK) 12 2.2~3.8
Specific 480 710
Heat 915 650~1100 970
(J/kgK) 461 400~700
Thermal
) 10~12 3.0~3.5
Expansion
o 21 3.4~4.4 0.6
Coefficient
6 13 8.0~11.4
(107°/K)
Young's 80~120 160~300
Modulus 71 330~430 70
(GPa) 200 160~210
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Read Input Data
Program Initialize

Intake Process —
@
(o el y
1. Flow Rate

3. Transport Properties

Exhaust Process [°

Hent Transfer Process
(lo cylinder wall, head and block

Fig. 1 Flowchart of engine cycle simulation

Table 2 Specification of simulation models

Model description
DI, NA, 6-cylinder, watercooling,
displacement : 7500 CC

baseline 118(B) X 115(S) mm
17.5 (CR)
Max. Torque : 475 Nm @1500 rpm
Max. Power : 123 kW @2200 rpm
Head & Piston :

case01 0.5mm zirconia coating
Liner : cast—iron
Head & Piston :

case02 1.0mm zirconia coating
Liner : cast-iron
Head & Piston : cast-iron

case03 )
Liner : quartz
Head & Piston :

case(4 0.5mm zirconia coating
Liner : quartz
Head & Piston : quartz

case05 )
Liner : guartz
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Fig. 2 In-cylinder mean equivalence ratio vs.
crank angle
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Fig. 3 In-cylinder mean gas temperature vs.
crank angle
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Fig. 4 In-cylinder mean gas pressure vs.
crank angle

Table 3 Volumetric efficiency

Model V.E.(%)
baseline 88.9
0.83mm coating 87.8
case01 86.8
case(2 84.5
case03 74.4
case04 73
case05 46.3

Chetx M8 e g M41d R6S 20044 128
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Table 4 Exhaust gas temperature

Model E.G.T. (T)
baseline 502.8
0.3mm coating 520.8
case01 539.2
case02 581.5
case03 670.4
case(04 692.4
case05 833.6
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Table 5 BMEP and diesel work

Diesel work

Model BMEP(atm) (kW/cycle)
baseline 11.82 5.758
0.3mm coating 11.88 5.800
case01 11.85 5.764
case02 11.79 5.696
case03 11.03 4.996
case04 11.05 ~ 5.000
case05 8.52 2.864
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