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Experiment and Simulation
of Transient Behavior of
Marine Diesel Engine
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Owing to qualitatively different dynamics of engine and
turbocharger (TCH) an ample air supply for fuel

combustion in rough sea ceases to hold, since air pressure N -
P, x (nyc)?. This study aim at reveal effect of steady-state A — — —1
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Experiment Engines Particulars 74
Two-stroe lo Speed Diesel Engine

Four-stroke Medium Speed Diesel Engine X

Niigata 6L19HX Mitsui-MAN 4S50ME-T9.2

No of Cylinders -- 6 No of Cylinders -- 4
Bore/Stroke mm 190/260 Bore/Stroke mm 500/2214
Speed/Power rpm/kW 1000/750  Speed/Power rpom/kW  117/7120
Scav. Air Pressure  barA 2.9 Scav. Air Pressure  barA 4.4

Scav. Air Flow Nm3/h 4180 Scav. Air Flow Nm3/h 40932

ER26EE(E14E)BLEMTLHEFTAERES 3



° o q © ...
Experiment Test Bench & Conditions :es
4st Engine 2st Engine
120 120
110 ] A :;Z : O Engine performance measurements |
100 ~ L1095 0.9
80
S N1 7/—053 80 - P1 Fo° %
] 0.7 E
2 ] s 3 70 E
" 107 & oy k
E il N2 | —1 E E :{; : A 0.6
60 //HO‘S - . 0.5
55 45
50 40
45 35

T T T T
75 80 85 90 95

Speed, %

100 105 110

Control
Station

7|

PC |e—>

Scavenging Air Receiver Ga o

AANN

Flow  Press. Tempr.

Experiment Conditions

70

T T T T T T
75 80 85 90 85 100

Speed, %

105 110

4st engine  2st engine

659,

Scavenging air by-pass system allow to reproduce steady-
state and fluctuating components of engine air supply.
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Air bleeding rate 7,14,18, 5,10,15
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By-pass fluctuation 7,10,15 10,12,15
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Air Bleeding Effect on Engine Performance :%¢
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4st Engine Experiment Results 744
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Relative change of SFOC, %

2st Engine Experiment Results 744
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Engine Scavenging vs Fluctuating Air Supply i+
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The transient trajectory is assumed to be made
up of series of steady-state points as engine
dynamics and, in particular scavenging process is
much faster than fluctuation of air supply.

This justifies quasi-steady approach for engine
simulation.
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Quasi-Steady Modeling of 2st Diesel Engine :¢¢

Engine Torque:

Qe = Q; _er

Compressor Torque:

SN
_ Cpair Ta'\gg)(

c =
2 T Nge Nic

Turbine Torque:

NSNS
T

2 T Ny,

----------------

To:

E Qc

S w1
Pa: Ge
Ta’ E /Compressor PC

-———eememem m m wmwmwom P

Turbocharger Unit

dnyg
lee =5 = Qe(©) = 0e(®)

ka_l
T, ka —1

1—7TT ke

€ dt

dn,
e = Qu(8) — Q,(t)

State Variables
ne n:>
Ngce
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Thermodynamic
Variables

Ga' Gt
Pe' Pc
Ter Ts



Simplified Model for Thermodynamic Variables :§§

Pressure speed relation of compressor:

2 e
ka_l n ka_l
T, = [nc ka —1 ) +1
0 ntCO

Temperature after compressor:

kq-1
T. =T, [— m, ka —1)+1]
Charging air temperature :

Ts - Tsw Ga 3
Ty =T, T, — Tgy) 0
S sw T ( c sw) Tco — Tswo (Gao

|

Scavenging Air flow:

2 kq+11\2
P, 2k, |(P\ka [P\ ka
b =tle—=——=1—1[\B) ~\&
R,ir T c c

Fuel flow:

e

Gr =zigyshy 0 9n fuel portion at MCR

Air/Exh.Gas Receivers:
Gc = Ggq

G = G,
Exhaust Gas flow:
Ge =G+ Gy =

=

(@, = {2" |(epy¥e — )keH]}z )
=\agi tm I T T c

Gas flow correction:
2

Energy balance:

(Go Cp,, Ts + Gy ulfa Nexh = Go Cy . T,

Pexh

Fraction of Fuel energy in Exh. Gas:
Ea = k'f1pmep + kfo

Details on empirical coefficients determination can be found in: “Development of
Diesel Engine Simulator for Use with Self-Propulsion Model” Journal of the JIME,
Vol.48, No5.
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Full Model for Thermodynamic Variables :¢¢

NMRI
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Air /Exh.Gas Pressure, barA
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Model Validation at Steady-State 744
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Model Validation at Steady-State 744
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Transient Responses 744
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Concluding Remarks

The experiments on four-stroke and two-stroke engines revealed
effect of scavenging air depletion on engine performance in both the
steady-state and transient conditions.

As was found, the fluctuating air supply has a tiny effect only on two-
stroke engine and no remarkable effect on four-stroke engine. This
fact is explained by difference in scavenging processes and higher
sensitivity of two-stroke engine to air supply.

Combustion process deterioration and resulted SFOC increase is
rooted in average decrease of air to fuel ratio due to air supply sub-
system delay.

Owing to fast engine dynamics with respect to external disturbance,
propulsion engine operation can be simulated with quasi-steady
approach including air and exhaust gas receivers.
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