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Effects of compression and expansion ratios on performance and emissions of a Diesel engine
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Abstract

In order to investigate the possibility of thermal efficiency improvement by the higher expansion ratio in a diesel engine,
an experiment was conducted by combining a compression ratio of 20.3 and the Miller cycle with the late intake valve
closing (IVC), in addition to the standard IVC with a compression ratio of 18.3, using a single-cylinder diesel engine with
a cylinder bore of 85 mm. The results show that when using a shallow piston cavity to increase the geometric compression
(expansion) ratio, the fuel sprays impinged onto the bottom of the cavity and increased the smoke emission and the cooling
loss, and the effect of increasing the expansion ratio cannot be effectively utilized. Therefore, as a result of investigating
the influence the piston cavity shape, it was possible to significantly reduce the smoke emission by using a little bit narrow
and deep combustion chamber.
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Table 1 Engine specification

Gas

analyzer Eneine fvoe Direct-injection diesel engine,
gine typ Single-cylinder, Water-cooled
Swirl Bore x Stroke [mm] 85.0x96.9
control * . 3
valve Exh. gas Displacement [cm’] 550
w = Common-rail system
If Pressure I E:‘(hal::t Injection system $¢0.114 mm x 12 holes nozzle
- I chamber o
| pickup I Back. 156° included angle
: Fuel P"TSS- Charging External supercharging
valve
: i;‘g\‘:y tank EGR system Low-pressure loop EGR
| _
Data | _ —— Dynamo-
recorder | Rotary — meter
encoder L

Fig.1 Engine setup
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Table 2 Engine operating conditions

Standard .E.ffe.ct .of . Effect of Effect of Effect of .Effect of
inj. timing | intake press. | comp.ratio | Miller cycle piston shape
Engine speed [rpm] 2,250 < < < < <
Fuel inj. pressure [MPa] 270 < < < < <
Inj. quantity [mm?/cycle] 39.0 &< < < < &<
Pilot inj. quantity [mm?®/cycle] 1.7 S S <« <« €«
Pre inj. quantity[mm?>/cycle] 1.8 < S <« <« <«
Main inj. quantity[mm?®/cycle] | 35.5 < < < < <
Pilot inj. timing [°PATDC] -203 | -21.8 |-22.8 -20.3 < < < | -188 |-173
Pre inj. timing [°ATDC] 9.3 -10.8 | -11.8 93 < < < | -7.8 | -63
Main inj. timing [°ATDC] -1.8 33 | 43 -1.8 < < < | 03] 12
Intake gas temperature [°C] 50 < < < < <
Intake and exhaust pressure 130 pa 190 - 210 130 < 210
[kPa abs.]
Intake oxygen concentration 188 186 | 184 192 <« <« <«
[mol.%]
Swirl ratio [-] 1.3 < < < < <
Piston TS60C2 < < TS60C4 < TS57C4, TS56C4
Compression ratio [-] 18.3 < < 20.3 < <
Intake cam Conv. < < < Miller <
Cylinder head (g:ZZ}XZ) 4-valve 4-valve 4-valve 3-valve 3-valve
\ ®70 ‘ \ ¢ 70 ‘
TS60C2 ‘ 60 ‘ TS60C4 ‘ $60 ‘
Eﬂt/\ﬁé \,@\L/\L
[se]
| $67 | : @66 )
TS57C4 @57 || Tsseca $56 |

-
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Fig.2 Piston shape
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Fig.3 Valve lift of conventional and Miller cycle
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Fig. 4 Effect of cylinder head on gross indicated thermal efficiency (i), degree of constant volume (DCV), maximum in-
cylinder pressure (pmax), THC, CO and Smoke
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Fig. 5 Effect of cylinder head on in-cylinder pressure Fig.6  Effect of cylinder head on rate of heat release (dQ/d6)
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Fig.7 Effect of injection timing, intake pressure, and compression ratio on gross indicated thermal efficiency (77,), degree of
constant volume (DCV), cooling loss ratio (¢ool), exhaust loss ratio (¢xn), and maximum in-cylinder pressure (pmax)
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150 1
Inj. timing Intake press. CR (Piston)
—— Standard f 180 kPa —— 18.3(TS60C2)
—— 1.5°CA adv. [\ ——190kPa —— 20.3 (TS60C4)
= 100 - —— 2.5°CA adv. '| ——200kPa -
9) | 210 kPa
kel
= /
= {
3 50 - = | -
g | .
© 4 A |/ N
0 [ ,_;_/L\,gt:ﬁ'“«% L1 Seess | M L
Inj. rate (\Inj. rate (\ Inj. rate
T T 1 — T T T T — T T T T

*7z,

-30 -20 -10TDC 10 20 30 40 -20 -10TDC 10 20 30 40

Crank angle [°CA]

Crank angle [°CA]

Fig. 9 Effect of injection timing, intake pressure, and compression ratio on rate of heat release
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Fig. 10 TS60C4 piston after experiment
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