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A Proposal Study of Fuel Design Approach for Low Emissions and
High Efficiency in Engine Systems
(1st Report: Concept and Study Example of Fuel Design Approach)

Jiro SENDA, Yoshimitsu WADA and Yoshiaki KITTA

In diesel engine, the mixture formation and combustion processes depend on physical and
chemical characteristics. Hence, it is important to develop understanding for potential use of fuels.
Consequently, we propose a conceptual research to control the spray and combustion processes with
fuel design in terms of further improvement of thermal efficiency and exhaust emissions because fuels
provide the significant effect on diesel engine performance.

In this paper, we present the concept of our research and then, introduce the experimental
results. As the first step, the combustion characteristic is described with mixed fuel consisting of CO:
and n-tridecane. Furthermore, the spray and combustion characteristics of flashing spray were
investigated through spray vessel and engine test. These results show fuel design approach has a
possibility to improve the exhaust concentrations and realize higher efficiency in diesel engine.
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Fig.1 Fuel properties in case of straight-chain alkane

Mixed Fuel

High volatile fuel

Pressure

Two-phase
region

Low volatile fuel

Temperature

Fig.2 Two-phase region of multi-component fuel on
pressure-temperature diagram
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Fig.3 Pressure-temperature diagram of two-component
solution consisting of CO, and n-tridecane
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Tablel Experimental conditions
Equivalent crank speed [r.p.m] 200
Water jacket temperature [K] 353
Ambient gas Air
Compression ratio 15
Ambient pressure at injection [MPa] 3.2
Ambient temperature at injection [K] 750
Injection timing [deg.CA BTDC] 50+ 05
Xco2=0 10.0+0.0=10.0
Injection quantity [mg] | Xc0,=0.6 | 10.0+3.6=13.6
Xc02=0.8 10.0+9.5=19.5
Injection pressure [MPa] 16
N . . d, =0.20 [mm]
Injection nozzle dimension L/d, =5
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133 1.67 3.00 5.00 7.67 10.30
Time after injection start [ms]

-2.08 -0.42 3.90 7.59
Crank angle [deg. ATDC]

(Upper: X-5,=0.0, Lower: X.,,=0.8)

-4.11 -3.71

Fig.4 Temporal change in spray and flame shape

under each mole fraction of CO,
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Fig.5 Comparison of combustion characteristics
between n-tridecane and CO, mixed fuel
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Table2 Experimental conditions

Injection Condition

Nozzle type Hole nozzle DLL-p
Hole diameter [mm] d=0.20

Hole length [mm] 1,=1.0
Injection pressure [MPa] 15

Injection quantity [mg] 10

Fuel temperature [K] 1300, 320, 340, 380, 440

Fuel

n-pentane/n-tridecane

Mole fraction of n-pentane

0.75

Ambient Condition

Ambient temperature [K] 440
Ambient pressure [MPa] 0.1
Ambient gas N,

300320340 380 440K
0.5

C C5/C13
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Fig.6 Two-phase region of C5/C13 mixed fuel
on pressure-temperature diagram
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Fig.7 Shadowgraph images of flashing spray with
C5/C13 mixed fuel

wW/O
flash boiling

Fuel temperature [K]

IWIK) n ( 5005K)
(&C3 n n
0B C5C13
6
(TE)3AK
T30 4K
4 1 2
7 T=2K
100mm
T=3AK
8 8% 2
10mm
05
- Fuel temperature [K]
04 F
@ [
g 03[
P [
ke [
02 [
s e
01 [ ’i
: ] N N

%0 o5 1 15 2 25
Time after start of injection [ms]
Fig.8 Temporal change of spray cone angle
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Fig.9 Two-phase region of LPG/C13 mixed fuel
on pressure-temperature diagram

Table3 Experimental conditions in case of engine test

Fuel

LPG +n-C,5H,4(LPG/C13)

X_pe=0.80

Initial fuel
temperature [K]

310 | 370 | 410 | 440

Injection quantity [mg]

6.2 6.2 6.1 5.9

Engine speed [rpm] 3600
Engine load [%] 60
Injection pressure [MPa] 15
Injection timing 125

[deg.C.A.BTDC]

Crank angle [deg.C.A.]
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Fig.10 In-cylinder pressure and rate of heat release

for each degree of superheat



400

WI/O flash boiling With flash boiling

g 380 ————
£ 360
S
O 340p Sroke
F 320/
300r
1 1 1 1 1 1 1 15.0
11453
1405 3
11405
=3
41350
7
11304
1 1 1 1 1 1 1 125
300 320 340 360 380 400 420 440 D C
Initial fuel temperature [K] ) C,
Fig.11 Variation of total hydro-carbon emission 2) CcoO
and brake specific energy consumption
for each degree of superheat 3 Cco
1.4
= O T=310 O T=370 4
< 1.2r| A T=410 O T=440
& 10 WI/O Flash Boiling 5
o ——
2 .
~ 0.8F With Flash Boiling -
g
£ oef 6)
@ S
0.4 1 1 1 1
0.4 0.6 0.8 1.0 12 14
NOy;/ NOxayo [A.U.]
Fig.12 Relation between smoke and NOy emissions @
for each degree of superheat plg2212 - (208,
@

B )6 54 No%XB p 33D
(195
3 RD.OzmadJdF Srmanm, : AnBqaimatd and Ardyticel
THC Sioy o HeehBailing Fue Injedion, SAEB30890, (1983
@ RD.Rdtz: A Praoyatic Suoy of HeshBaling Atarrizion,
Aegosd Sieead Tedrdogy, pp561-5, (1990).

2 T=8IK Smke NO

NO«

Sroke
THAK T=IK S0%0)




