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A Study of Valve Timings for Diesel Dual Fuel Engine Operations under Low Load

Condition by Using Engine Cycle Simulations
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Abstract

Since diesel dual fuel engines have an operation constraint regarding the low combustion
temperature which affects combustion stability and engine efficiency under low load condition. The current
study examined effects of valve timings on charge temperature and engine performance in a single-
cylinder DDF research engine. The research was performed by using an engine cycle AVL-BOOST
simulation model. The engine conditions were at low load operations of 1600 and 2400 rpm. In the
simulations, four strategies of exhaust and intake valve profiles were examined: (1) shift both IVO and
IVC (i.e. same intake valve lift profile) and a fixed exhaust valve profile, (2) use a standard IVO and
adjust IVC (i.e. vary intake valve lift profile) and a fixed exhaust valve profile, (3) use a fixed intake valve
profile and shift both EVO and EVC (i.e. same exhaust valve lift profile), and (4) use a fixed intake cam
profile and a standard EVO, and adjust IVC (i.e. vary exhaust valve lift profile)

The first and second strategy showed that early intake valve timings caused small effect on
mixture temperature at IVC and EVO, residual mass fraction and IMEP. The third strategy showed that
early exhaust valve timings caused gas temperature at IVC and EVO to increase, and trapped more
residual mass fraction at IVC. A greater IVC temperature under low-load conditions could improve
combustion stability and engine efficiency. However, using the method of exhaust valve timing advance
was penalized by a decrease in the net IMEP due to lower expansion work. In the fourth strategy, using
a fixed EVO helped lessen the reduction in the net IMEP due to less expansion work reduction. Data
suggested that an increase in the gas temperature at early compression became discernable as the EVC
was advanced greater than 20°CA at 1600 rpm and 15°CA at 2400 rpm.

Keywords: Valve timing, Diesel Dual Fuel Engine, Combustion, Variable valve.
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Engine Type 2-Valve DI Diesel Ricardo Hydra 5 IVO IVC EVO EVC
#Cylinder 1 Cylinder 1 B B A A
Aspirati Naturall irated
spiration aturally aspirate 2 A B A A
Compression ratio 17.5:1
3 A A B B
Displacement 449.77 cc
4 A A A B
Bore 80.26 mm
Stroke 88.90 mm
o o o [
c ) mIsaesdsmzmada-Janailu 4
onnecting rod 158.0 mm

Valve timings:

Intake valve open

Intake valve close

Exhaust valve open

Exhaust valve close

8° BTDC(+352° after firing TDC)
42° ABDC(—138° after firing TDC)
60° BBDC(+120° after firing TDC)
12° ATDC(-348° after firing TDC)

= a a - SN
MN1ININ2.3188L8 U(ﬂﬂi&l’IMﬂW{L“ﬁLTﬂLWGG

rom IMEP Diesel NG
[bar] [mg/cyc] [mg/cyc]
1 1600 2 3.02 5.82
2 | 2400 24 3.03 5.83
3 | 1600 2.9 3.93 7.57
4 | 2400 3.3 3.97 7.64
A519013. 18821880 Wiebe function
rom | IMEP m SOC CombDur
[bar] [ [deg CA [deg CA]
BTDC]
1| 1600 2 1.79 15.7 39.5
22400 | 24 1.88 15.4 37.5
311600 | 2.9 2.66 15 36
4 (2400 | 3.3 2.8 14.2 32
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Type

Valve timing shift [deg CA]

A

0 (AILAN)

B -40,-35,-30,-25,-20,-15,-10,-5,0,10,20
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F189 10 deg CA Uaz 20 deg CA enuaN3197 4
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8. sanuaiuazAlta
ADV  Advance (Valve timing)
BDC  Bottom dead center
CA Crank Angle
CombDur Combustion duration
Cyc Cycle
Deg Degree
EVC  Exhaust valve close
EVO Exhaust valve open
ISFC Indicated specific fuel consumption

IMEP Indicated mean effective pressure

AEC 31

IvC Intake valve close

IVO Intake valve open

Mg Milligram

NG Natural gas

PMEP Pumping mean effective pressure
TDC  Top dead center

RET Retard (Valve timing)

SOC  Start of combustion

STD  Standard (Valve timing)

9. Appendix

A1319 N.1 qmauﬁ'ﬁmau%al,wﬁaﬁwﬁmmaﬁw
Twanuisoil

Lower heating value, MJ/kg 34.14
Stoichiometric A/F 11.71
Specific gravity 0.77
MW, kg/kmole 22.20
Methane, % by mole 74.89
Ethane, % by mole 5.57
Propane, % by mole 2.10
n-Butane, % by mole 0.39
i-Butane, % by mole 0.48
n-Pentane, % by mole 0.06
i-Pentane, % by mole 0.12
Larger HC (> C6), % by mole 0.12
CO,, % by mole 14.30
N,, % by mole 1.97

an S o X A a
M1919 N.2 QM&NUG\T@G%’]&I%L%GLW@G@L%Q (B2)

Aluanisedt

Lower heating value, MJ/kg 42.8
Stoichiometric A/F 14.5
Specific gravity 0.83
MW, kg/kmole 170
C (est.) 12.30
H (est.) 22.13




