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ABSTRACT

This paper presents the effect of LPG injection control parameters on performance and
emission for dual fuel diesel. The engine has been modified to determine the best LPG com-
position (ratio) for dual fuels to improve the emission quality while maintaining high thermal
efficiency in comparison with the conventional diesel engine. A LPG electronic injection system
controls the flow of liquefied petroleum gas (LPG) to manifold has been designed and manufac-
tured for the above mentioned purpose.

The experimental results have been obtained on various Diesel-LPG modes at different
loads at constant speed (1500 rpm). Compared to 100% Diesel at full load, the optimum
value of Brake Thermal Efficiency (BTE) and Brake Specific Fuel Consumption (BSFC)
were observed to improve by 31% with (68%-32%) Diesel-LPG mode. Exhaust gas
emissions; namely NOX, CO2 and Smoke reduced by 30%, 48% and 29% at full load
respectively with the use of (68%-32%) Diesel-LPG mode. After scrutinizing the results, a Dual
fuel Diesel - LPG controller was developed for optimizing the performance on different operat-
ing conditions. With Diesel - LPG controller, it was possible to maximize fuel economy along
with minimizing emission pollutants.
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TOM TAT

Bai bdo trinh bay két qua nghién civu danh hwéng cua thong sé diéu khién phun khi hod
Iong (LPG) trén dwong ong nap cia dong co Diesel dén hiéu suat va khi thai. Péng co dige cai
tao chuyén doi dé xac dinh thanh phdn LPG tét nhat cho hoat dong voi nhién liéu kep, dé cai
thién chat lwong khi thai trong khi duy tri hieu sudt nhiét cao so véi mot dong co diesel thong
thiwong. Hé thong phun LPG diéu khién bang dién tir kiém sodt lwu lwong khi héa long (LPG)
cung ccfp cho dong co dirgc nghién curu, ché tao phuc vu cho muc dich trén.

Két qua thir nghiém trén déng co khi thay déi ty 1 hén hop ciia Diesel va LPG 6 cdc ché
dé tai khdc nhau & toc dé 1500 v/p. Két qua gia tri 16 uu cuia hiéu sudt nhiét (BTE) va hiéu sudt
tieu thu nhién lieu (BSFC) cdi thién khoang 31% o mutc ti Ié Diesel-LPG (68% - 32%) so voi
ddng co khi chay 100% Diesel khi day tdi va hrong khi thai & ché dé nay giam cu thé la NOXx,
CO2, Bo mo khoi giam (30%, 48% va 29%). Sau thiec nghiém co két qua thiec nghiém mot bo
diéu khién Diesel-LPG da duoc ché tao dé dieu khién hiéu sudt tot nhat nham tiét kiém nhién
liéu va giam 6 nhiém do khi thai sinh ra.

Tir khoa: Nhién liéu kép, tiéu thu nhién liéu, dong co, khi hod long, LPG.
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1. INTRODUCTION

In recent years, the studies using lique-
fied petroleum gas (LPG) for the transport in
the world as well as in Vietnam have had posi-
tive results. LPG fuel has several advantages
such as: reduce emission pollutants for gaso-
line engines while the performance of engine
still maintains, low cost and easy to use [1] ...
With dual fuel engine (LPG — Diesel) it was
possible to improve emission pollutants, per-
formance of diesel engines, the cost to change
fuel system was low without making any
modifications in the engine design...[3].

The dual fuel engines, the mixture of
LPG and air is formed on the intake manifold
and put into the cylinders of the engine, com-
bustion of Diesel fuel leads to flame propaga-
tion and thus it burns LPG and air mixture.
More Diesel in dual fuel at low loads is better
for the improvement of Brake Thermal Ef-
ficiency (BTE). Other than performance en-
hancement, emissions as NOx and smoke are
reduced significantly with the use of Dual fuel
(Diesel-LPG) [3][8].

At low loads, BTE of a Dual fuel Diesel
- LPG engine can be improved with the help
of a heating element like a glow plug in com-
bustion chamber but it requires a complicated
process to make modifications in the existing
design of the engine. Addition of LPG in die-
sel engine helps to improve the performance
along with decreasing the cost but there is an
increase in NOX emissions [4] and causes the
detonation in engine. Detonation is caused by
problem of rapid combustion with severe en-
gine knock, It may damage the engine parts
at higher loads; thus, it affects to the engine
performance [12].

The purpose of the present study is thus,
to experimentally analyze the emission and
performance analysis of a small diesel engine
operated on diesel and Dual (Diesel-LPG)
modes. Different set of experiments were
conducted to optimize the Diesel-LPG mode
with a Dual fuel controller and a retrofitted
LPG on the air inlet manifold but without any
modifications to the engine foe Dual fuel.

2. THE SYSTEM PROVIDES LIQ-
UEFIED PETROLEUM GAS AND
DUAL FUEL DIESEL-LPG ELEC-
TRONIC CONTROLLER

Modeling of engine using dual fue
LPG - Diesel

The engine 3C - TE used pump VE -
EDC (Electronic Diesel Control) axial piston
type with electronic controller (ECU) control
the operation two actuator solenoid valves
(SPV: Spill control Value and TCV: Timing
control Value). Therefore, ECU controlled ex-
actly the fuel flow and injection timing into
each cylinder of engine [2].

2.1

Fig. 1.The schematic diagram of Dual fuel
LPG - Diesel engine fuel system

When LPG spray into the combustion
chamber that the combustion process of die-
sel engine is completed by reduce ignition
delay. LPG fuel, itself is not flammable be-
cause combustion temperature (over 400°C) is
higher than diesel fuel (250°C) [9]. Therefore,
diesel fuel burning before at end of compres-
sion stroke then flame propagation to ignite
LPG and air mixture. At the time, LPG fuel as
flame propagation cause reduce ignition delay.

The system provides LPG, with elec-
tronic injections is installed on the air inlet
manifold on Diesel engine [7]. In addition,
pilot diesel fuel is injected which is consid-
ered as appropriate techniques and easy to
convert the engine using conventional diesel
fuel to dual fuel engine without change the
structure of the engine diesel.

LPG is supplied to engine diesel from
tank through pressure relief valve. The con-
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troller is calculated injection timing by signal
of crankshaft position sensor, timing injection
LPG by signal of acceleration sensor el engine
fuel system

The injector is installed on the manifold
at the intake valve. While intake valve opened,
LPG injected into the intake manifold which
will be mixed with air then input combustion
chamber of engine.

LPG is liquid state in tank with pressure
6-8 bar, when the valve open, liquid LPG to
the pressure relief and vapor, at the time liquid
LPG converted vapor with pressure 1.3 - 1.5
kg/cm? through pipelines leads to the injectors
LPG.

The fuel flow supplied to the engine op-
crating which is decided by SPV on injection
pump VE — EDC.

2.2 Model of the engine control system
using dual fuel LPG - Diesel

Mass flow of LPG is determined by the
time picked injectors. ECU engine control
SPV wvalve to change flow of fuel diesel by
method control timing close open of SPV. So,
system is limited by calculate the flow of fuel
LPG supply to the engine based on engine
speed and angle of the throttle (corresponding
to the load of the engine) [6].

Mass flow of LPG m, . supply propor-
tional timing injection 7, - and square root of
pressure difference Ap between fuel distribu-
tion pipe and man-  ifold in case of spray-

ing on the manifold, density of fuel p,,.and
open area of injectors 4, is consid-
cred constant formula as follows [7]:

. f Ap
M pg = pLPG'Aeﬁ" 2p_.d inj
PG

L

inj ) Ap
Mipg = ijPGdtinj = pLPG‘Aeff‘ 2 'linj
0 Prrc
Therefore, timing is calculated:
- Mipg
inj
. Ap
Prec-Aey \/ 2
Prr

Where:
+m, .. Mass flow of LPG;

+ tml_: Timing injection;
+4,,:Open area of injectors;

+ Ap : Pressure difference between fuel
distri- bution pipe and manifold;
+ 5, - density of LPG;
From basis of the theory, the research-
ers has designed made dual fuel Diesel-LPG
electronic controller as shown Figure 2:

Fuelinjection timming

EGR valve
Turbo Pressure...

Injection Volume Control

A

LPG
Injection

Fig. 2.The schematic diagram of Dual fuel
LPG - Diesel engine control sysvem

Circuit of dual fuel LPG - Diesel con-
troller with microcontrollers Atmega 16 [5]

and using C to program for controller (Figure
3).
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Fig. 3. The diagram of ircuit principle and
dual fuel controller

2.3. Experimental for dual fuel LPG - Die-
sel system

The engine used for experimental is die-
sel engine Toyota 3C-TE with the basic tech-
nical parameter of the engine show as (table

1).
Table 1. The technical parameters of the
engine Toyota 3C - TE

Diesel 3C-TE, EDC-

turbocharger
Idle speed 800 = 50 rpm
Maximum speed | 5000 rpm
Maximum power |99 kw / 5000 rpm
Maximum torque | 206 Nm /4000 rpm
rC;(‘[)ir(r)lpression 18:1
Cylinder 4
Stroke 4
Bore 86 mm
Cylinder capacity | 2438 cm®

1. Diesel Engine

ED 2. Alternator
3. Diesel -LPG Controller
4. Load
5. Weight meter
6. LPG tank
7.LPG kit
8. Air flow
9. Diesel Tank

0 10. Diesel control valve
4 11. Exhaust gas analyzer

IT
o
-

Fig. 4. The schematic diagram of experimen-
tal set up

The system of experimental include:
LPG tank, vapor valve, system supply LPG
to the injectors. LPG controller (12V) and
load equipment. The exhaust gas analyzer of
Maha and Korea to determine characteristics
of emissions from the engine.

The fuel system is installed to engine
run completely by Diesel fuel and dual fuel
LPG - Diesel. The engine runs on diesel fuel
(100%) at idle speed. Dual fuel mode, LPG is
injected into manifold by the LPG controller
[8].

Initially, the engine was tested using
diesel at loads 0%, 20%, 40%, 60%, 80% and
100%, to measure the engine operating char-
acteristics and pollutant emissions. The test
was conducted on five different Diesel-LPG
modes i.e., (84%-16%), (76%-24%), (68%-
32%), (60%-40%), and (52%-48%) to find the
optimize Diesel-LPG mode. The Diesel-LPG
ratio (%) which is defined by equation below:

(Mass of LPG)

X

_l’_
(Mass of LPG + Mass of 100%

diesel)

Where Z = 0% means Diesel operation

Z= 16%, 24%, 32%, 40% means the
LPG mass fraction in the Dual fuel
mode.
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3. RESULT AND DISCUSSION

3.1 Characteristics of the fuel system

without LPG - Diesel controller:

- Brake specific fuel consumption
(BSC)

Figure 5 shows that variation of BSFC
with load is almost similar for all the Die-
sel-LPG modes. A maximum BSFC was ob-
served at (52%-48%) diesel-LPG mode. Aver-
age BSFC was more by 10.8% than on100%
Diesel. At all other Diesel-LPG modes i.c.,
(84%-16%), (76%-24%), (68%-32%) and
(60%-40%), the BSFC improved by 11%,
8.3%, 11% and 6% respectively. The best
results were observed at (68%-32%) diesel-
LPG mode

I4m #100% Diesel
1200 W(84%-16%) D-L
A(76%-24%) D-L
= 1000 X (68%-32%) D-L
3' 800 X (60%-40%) D-L
=4 600 #(52%-48%) D-L
E 400
2 200
0
0 20 40 LoS4 e 80 100
Fig. 5. BSFC against load at different Diesel-
LPG modes

- Brake Thermal Efficient (BTE):

Figure 6 shows that the pattern followed
by the entire Diesel-LPG modes is almost
similar. At all the other Diesel-LPG modes
re., (84%-16%), (76%-24%), (68%-32%)
and (60%-40%), the BTE improved by 16%,
15.4%, 20% and 8.5% respectively. The best
results were observed at (68%-32%) diesel-
LPG mode on higher loads.

35
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15
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S

#100% Diesel

W(84%-16%) D-L
A(76%-24%)D-L
X (68%-32%) D-L
X (60%-40%) D-L
®(52%-48%) D-L

BTE(%)

0 20 40 60 80
Percent full load(%)

Fig.6. BTE against load at different Diesel-
LPG modes
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The Lowest BTE was on (52%-48%)
diesel LPG mode. Brake thermal efficiency
of engine running on 100% Diesel gradually
increased from 8% to 23% from 20% load to
80% load.

- Smoke emission

120 *100%
100

80

60

40

20

04

220 20 40 60 80 100 120
Percent full load(%)

Diesel

*  B(84%-16%)D-L
A(76%-24%) D-L
X(68%-32%) D-L
*(60%-40%) D-L
®(52%-48%) D-L

Smoke (HSU)

Fig .7. Smoke emissions against load at dif-
ferent Diesel-LPG modes

Smoke emissions for Diesel-LPG modes
compared to 100% Diesel modes shows as fig-
ure 7. At all the other Diesel-LPG modes i.c.,
(84%-16%), (76%-24%), (68%-32%), (60%-
40%), and (52%-48%) the average smoke
emissions was lower by 27%, 28%, 32% and
27% respectively. The highest smoke was ob-
served on 100% Diesel nearly 95 HSU. Rea-
son for reduction in smoke emission could be
because LPG has a lower carbon/ hydrogen
ratio.

- NOx emissions

1400 ©100% Diesel

1200
W(84%-16%) D-L

1000

E 800 A(76%-24%) D-L

=

£ o0 X (68%-32%) D-L
b X (60%-40%) D-L

0

-200 20 40 60 80 100 120
Percent full load(%)

®(52%-48%) D-L

Fig.8. NOx emissions against load at differ-
ent Diesel-LPG modes

NOx emissions for Diesel-LPG modes
compared to 100% Diesel modes shows as fig-
ure 8. At all the other Diesel-LPG modes i.e.
(84%-16%), (76%-24%), (68%-32%), (60%-
40%), and (52%-48%) the average NOx emis-
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sions were lower by 14.4%, 29%, 41%, 54%
and 64% respectively. Reason for reduction
in NOx emissions could be the cooling effect
produced by LPG in the combustionchamber.

3.2 Characteristics of the fuel system
with LPG-Diesel controller (LPG —

Diesel):
- Brake specific fuel consumption
(BSFC)
1200 ©100% Diesel
— 1000
=
= 800 A Diesel-LPG
i controller
¥ 400
o
=2 200
0
0 20 40 60 80 100
Percent full load(%)
Fig. 9. Fuel consumption against load

Variation of BSFC against load is shown
in Figure 9. Using Dual fuel controller Die-
sel-LPG, BSFC varied from 1119 gm/kW-hr
to 258 (gm/kW-hr) from no load to overload
condition. And BSFC reduced from 20% to
37% for100% Diesel against above 60% load.

- Brake thermal efficiency (BTE)

35

30 /‘/‘
A

25 Z #100% Diesel

10 ADiesel-LPG
5 controller

0 20 40 60 8 100 120
Percent full load(%)

Fig. 10. Brake thermal efficiency against load

The variation of brake thermal efficien-
cy against load is shown in Fig.10. The Dual

fuel controller Diesel-LPG, assisted operation
improved the efficiency by 31% on full load.
Brake thermal efficiency ranges from 8% to
23% maximum on 80% load but in case of
100% diesel, it ranged from 8% to 32%.

- Nitrogen oxide emissions

1400
1200 *
1000
800
600
400
200 $

+ 100% Diesel

NOx(ppm)

A Diesel-LPG
controller

0 20 40 60 80 100 120 140
Percent full load (%)

Fig. 11. NO_emissions

Figure 11 illustrates the variation of
NOx emission with load. With Dual fuel Die-
sel-LPG controller there was a reduction in
NOx emissions at higher load. Compared to
100% Diesel, the reduction in NOx emission
observed on 60% to 100% load was 26% to
30%.

- Smoke Emissions

120

#100% Diesel

Smoke(HSU)

ADiesel-LPG
controller

Percent full load(%)

Fig. 12. Smoke Emissions

Variation of the smoke emission against
load is shown in figure.13. Smoke emissions
on 100% Diesel were high and were found
nearly 95 HSU but when the engine was made
to run using Dual fuel Diesel - LPG controller
emissions dropped o 60 HSU on full load.
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4. CONCLUSION

The article “Study the effect of LPG in-
jection control parameters on the performance
and emission of Diesel engine run with dual
fuel (Diesel - LPG)” has obtained the results:

The article tested, evaluated parameters
such as: brake specific fuel consumption,

brake thermal efficient and emissions (smoke
emissions, NOxX...) with all the other Die-
sel-LPG modes i.e. (84%-16%), (76%-24%),
(68%-32%), (60%-40%), (52%-48%).

Succeeded in converting a Diesel 3C-
TE which can be made to run on Dual fuel
with LPG and Diesel without any modifica-
tions ine design.
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