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A Study on Combustion Characteristics of
the High Pressure Diesel Engine in Closed Cycle System
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Abstract

The closed cycle diesel engine is used in a closed circuit system which has no air breathing. The
working fluid as intake mixture are consisted of oxygen, argon and recirculated exhaust gas in
order to obtain underwater or underground power sources. In the present study, the high pressure
diesel engine which can be operated by the closed cycle system with high intake pressure for
increasing the net power rate is designed. It has been carried out to investigate the combustion
characteristics of high pressure diesel engine according to the power rate. The maximum cylinder
pressure and heat release rate were investigated. Also, major experimental data such as specific
fuel consumption rate, oxygen concentrations, fuel conversion efficiency, polytropic exponent, and

IMEP were compared with low pressure diesel engine experimental data.
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Fig. 1 Schematic diagram for closed cycle diesel
system and experimental apparatus with
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Fig. 2 The comparison of the eylinder pressure curves
for open cycle operation at powers 20, 40, 60
and 80 kW
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Fig. 3 The cylinder pressure curves for open and
closed cycle operations at power 80 kW
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Fig. 4 The cylinder pressure curves for closed cycle
operation at power 80, 160 and 240 kW

< Fasdom HAdg AR ES A dAdqdR
ol It YAAI BT} 2zt A bttt v 7] ¢t
ol F7tskd AaI Foff g2Eo] w71 & vt
o2 Hije dFo| Hold & ovmsy antg &
dol dojdtt. 2¥b)e A2 4 o 4k
T 2EEE veEhlx glon AdERI 2
AEEHE AR TEE A AR 2 o 2124% Alol
7Fet i ot

AEEFAL ol A vds a8 & A7
ol st go] Had o dFELEL2 HUr}
o} B g ok 240 kW H 3|2 &A e o
ADEEC] °F 36% H mo|th EER TR

HAY = 1.271.33 Alole] X2 B
oj: Ut HIE THY uf tfrle] Fr|E} Zg

120 600
Closed Cycle 2A0kW
ok ez S PN o _
i} : ]
5 % ’7 400§
: ,v 3
. E 2
. 7 3 300 &
g Cofinder] Pre ;' s \ %
2w A ™3
z Gma 1 T E
3 P AN 8
20 L i \;\v “ﬂl - Lmj\? 100 2
— W Ml
0 Fttie TR ©
| I ! } AR RS
-90 -60 -30 o %0 60 *
(a) Crank Angle(deg)

100 Closed Cycle 240kW
i High Press. Engine
{ ----- Low Press. Engine
] N
k) < S
o =
: S
a = i
<)
a 10
o}
-
£
s I R
&)
N —
R I |
100 1000

(b) Cylinder Volum(cm?®)
Fig. 5 The comparisons of cylinder pressure curves
between high and low pressures diesel engine
for closed cycle operation at power 240 kW

(461)



70

Specific Fuel Consumption (g/iWh)

EEEFARMEEE, $268 F49 2002

JE
—~
—
j=]
jol
=
o
o
o+
o]
j= ]
=
@
)
[=]

600
LT
—@—  High Pressure Engine
500 ~ €3>~ Low Pressure Engine
o
400 [
i3 Fl
. ~
300
e
-
\\g\k‘(}.f—i
200 T T 1 T T —‘ 1
0 50 100 150 200 250 300

Load Bank Power (k)

(a) Specific Fuel Consumption Profile

25
s | —@— High Pressure Engine
E 24 T __ low PressureEngme
E —T S o
£ /
® /
< 23
g ola—to-X *
£ pa "o
s o 0]
g 22 —
5 N
5] I
§ M
2 21
b3 Ry

20 —

0 50 100 150 200 250 300

Load Bank Power (K#)

(b) Oxygen Concentration Profile
6 Specific fuel consumption and oxygen
concentration profiles for closed cycle
operation

50 —
1
= 40 —
Ed
> re
g r—;‘ﬁ o
£ o
5 p A
€ 4
E 20 o [—
‘?’: —@— High Pressure Engine [————
[T —£3>- Low Pressure Ename |||
[} f ; |
0 50 100 150 200 250 300

Load Bank Fower (kK¥¥)

(a) Fuel Conversion Efficiency Profile

Effective Pressure : IMEP)®} A& e &gt
g EZE Jvehd Aol qAdeg g A
7o) A2 FHAAN =A ‘/}E}‘/}El AT, ol 2 gt
FH olfe HIE AN g gAdzle] A
& Az F/GE R 2] wf ol A7

140
1.35 bl
e Lo o
€ L
g Q\/z ol /Hg‘
& 130 P ILER Cad
g O lo P
2
= /./
S
a Py
125 ——e —@— High Pressurs Engine
~ €3 - Low Pressure Engine
120 ] T T t T '

0 50 100 150 200 250 300
Load Bank Power (kW)

(b) Polytropic Exponent Profile
Fig. 7 Fuel conversion efficiency and polytropic
exponent profiles for closed cycle operation
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