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Table 1 Basic parameters of engine

REHIZEA Engine type BT 4 phFE. B

1% Bore/mm 88
17T Stroke/mm 88.34
HE+= Displacement/L 0.537
JE4iEL Compression ratio 15.88
FriE #5HE Rated speed/(r-min™) 4000
ﬂ‘#ﬁﬁ%hﬁh _ 205
Indicated mean effective pressure/MPa

W E RS AV

Injection management system

‘ mE 3l 42 Injector Bosch CRI-2.2
B A RISk IS AiSE R HilE . D10 S S 178
HRHLA e B3 BUSEIN 04.89, PITIT AT LAl Maximum injection pressurelpa
IR . B89 DMC [ F AL R 2 B R 7 (1900r/min) Fuel rail pressure/MPa 102
F2 RREIIRILERY
Table 2 Properties of diesel and DMC
PORRFIE R AVl R VA el S W RefmEE HRTRLL
Fuel Densitg// Cetane Viscosit%// Latent heat of Lower heat value/ Oxygen Boiling  Energy density/ Stoichiometric
properties  (gcm®)  number (mm?s™)  vaporization/(kJ-kg™) (MJkg™) content/%  point/'C (MIm3) air-fuel ratio
SE3h Diesel 0.830 52 2,77 280 42.50 0.09 180~360 35.28 14.30
DMC 1.079 36 0.63 369 15.78 53.33 90.1 17.03 4.59

WRIEP 25—, A AVL be il
IndiCom Hcfmy 75 2 SRR AL . Tl I B vk
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FRIRIE ) pos BB L COHR P AT N K 5L
TOLIMEYE Hbs 25, X D10 #kL, T 2 B
J7%E: — RS S — BURWII R S5 B (W46 A5
WK ), Hobl 44 o D10 Jomii s, )
JEAT IR AR ST S RO AR OR , S s AT S T
UL 2 COHR, UM 5 5enhBbAT b,  Hoplan
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FH R B IHPER R I A%, SR 2 BT Fl 1
B 2 BOBRmE R S, RIS B DMC
FIRBERFYE o IEEUFETE 1= 1900 r/min. T 3F5 7R~k
71 pmi=0.80 MPa T {5 45 T HL(EGR %4 36%),
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Table 3 Control strategy of fuel injection

2 SOk SERRTBER

ey L Ot/ Oinjol ~ Oinjsl
Nominal Practical () (®) ()
COHR/(°) COHR/(°)

tinjllus Iinjz/uS l‘injgluS

7 6.7 516 -33.3 -105 254 224 559
10 9.7 489 -30.7 -7.9 254 224 563
SEd
" 13 127  -462 -280 -51 254 224 568
Diesel
16 159  -432 -249 -21 254 224 574
19 189  -403 -220 0.8 254 224 582
. 7 5.2 515 -33.3 -105 254 224 559
D10 JEm§
S 10 8.2 489 -30.7 -7.9 254 224 563
D10 13 113 -461 279 50 254 224 568
without
injection 16 144 431 -249 -20 254 224 574
adaption g 176  -401 220 08 254 224 582
7 6.9 496 -314 -85 254 224 541
D10 MW}
i 10 9.9 -46.8 -286 -57 254 224 545
D10with 13 128  -440 -257 -29 254 224 550
injection 14 158  -41.3 -230 -0.1 254 224 556
adaption
19 189  -381 -199 28 254 224 565

e Onjrs Ging P O 73 AR 1y 2 IRTSUGEAN LA B FF A I 20065

FI iy 3 SIARIRERE 1y 2 YR TRBERN 58 A 45 8 1 ] o

Note: Binj1, finj2 and Ginjz correspond to the commencing time in crank angle
for the first pre-injection, second pre-injection and main injection
respectively (All the specified positions in crank angle are referred to the
top dead center). finj1, finjz and finjz represent the duration time of the first
pre-injection, second pre-injection and main injection respectively.
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Fig.4 Ignition timing of combustion process under different
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Table 4 Initial situation of cylinder heat release

o g TERRIL L0 R R 27K E] 109 TR

e Ignition N hEL A B EhAREL ff Interval
Nominal delay in  Crank angle from ignition to 10%
COHR/(%) crank for 10% heat heat release in crank
angle/(°)  release/(°) angle/(°)
7 37.9 -0.1 13.6
10 35.7 24 15.7
iy
sl 13 336 53 17.9
Diesel
16 32.0 8.3 19.5
19 313 12.2 21.2
- 375 -1.3 12.7
D10 M
i e 10 355 0.8 14.0
D10 without 13 33.3 31 15.9
Injection 16 315 55 171
adaption
19 29.9 7.2 174
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Effects of multiple injections strategy on combustion process of
mixed fuels with dimethyl carbonate and diesel

Mei Deqing®, Ren Hua®, Jiang Shiyang®, Wang Zhong®, Roland Baar?
(1. School of Automobile and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Department of Mechanical Engineering and Transport Systems, Technical University of Berlin, Berlin 10587, Germany)

Abstract: In order to achieve the target of emission purification within the aspect of combustion optimizing in a
cylinder, as well as the partial replacement of fossil fuels, a study on the combustion process of dimethyl
carbonate (DMC)-diesel fuel blend was carried off. A fuel blend D10 (10% DMC and 90% diesel by volume) was
chosen as the test fuel. The experiments were conducted on a single-cylinder research engine originated from a
Daimler Benz OM646 2.2 litre common rail direct injection four-cylinder in-line diesel engine. As for the research
engine, the indicated mean effective pressure p,; was adopted as the baseline for assessment of engine
performance. A given load at 1900 r/min was chosen as the engine operating mode. According to the first law of
thermodynamics, the heat release rate can be presented in real-time by the IndiCom software. The exact position
in the crank angle of the center of heat release (COHR, 50% of the total heat release) can be figured out by
interpolation. It was a key parameter to describe the combustion process of the engine. Through a fuel injection
strategy characterized by an adjustable first pre-injection phase but constant phase intervals between the three
injections and adjustable main injection duration but fixed durations of first pre-injection and second pre-injection,
the accurate COHR target at a steady working mode can be implemented. Therefore five modes with an even
interval of COHR, under the same engine speed and p,,;, were inspected. As for D10 fuel, to compensate for its
energy density falling, the rail pressure of D10 was 3 MPa higher than that of a diesel. While using D10 fuel, two
schemes were considered. One was to keep the injection parameters of fuel system unchanged. The other was to
slightly adjust the injection parameters, thus the COHR can be precisely accorded with the original diesel engine.
When multiple injection strategy was adjusted to achieve the exact COHR which was delayed in constant step, the
features of the combustion process of a diesel engine were analyzed. The ignition for each operating mode
occurred between the second pilot injection and the main injection. For every two adjacent modes varying with
COHR, the crank angle intervals of the fuel injection timings as well as center of heat release and the location of
heat release peak were almost identical. With the increase of COHR, the duration in crank angle taken from
injection timing to ignition became shorter, while the duration in the crank angle taken from ignition to the center
of the heat release became longer. As compared with the location of a peak pressure in-cylinder, the COHR would
be moved backward far away. As for D10 fuel, because the easy vaporization of dimethyl carbonate promoting the
mixing of fuel and air and combustion, both crank angle intervals, from the ignition to 10% of heat release and
from ignition to 90% of heat release, were shorter, which indicated that the added dimethyl carbonate could help
to promote the combustion process. These analyses of combustion features based on COHR will provide a
fundamental guidance for the application of dimethyl carbonate/diesel blends, multiple injections regulating the
combustion process, and emission control theory.

Key words: diesel engines; fuels; combustion; dimethyl carbonate; multiple injections
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