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Abstract
Increased Environment concerns have promulgated the need to 
look for alternatives that have the potential to be used in the 
existing IC engines without major modification and lower toxic 
emissions. Alternative fuels are fast catching fancy as a solution to 
the depleting crude oil reserves and deteriorating air quality. Usage 
of blended fuel by optimizing the air fuel ratio, operating cylinder 
pressure, ignition timing and compression ratio are parameters 
that need detailed analysis for optimizing engine performance and 
reducing emissions. In this study, a conventional spark ignition 
engine operated 3-Wheeler vehicle running with CNG/Gasoline 
dual fuel was experimentally investigated for DME blended 
LPG fuel. Vehicle was modified for LPG operation and then the 
sub-system was developed for using DME-LPG blend with an 
objective to gain experience of DME-LPG storage, refueling and 
performance in a vehicle. An experimental setup was created for 
convenient refueling and blending. Necessary modifications and 
tuning of engine was carried out for smooth operation on LPG and 
DME-LPG blends with adequate safety precautions. Field tests 
were carried out for acceleration, power range, emissions and fuel 
efficiency of the vehicle with DME-LPG blends vis-à-vis standard 
CNG/gasoline operations. In particular, vehicle performance 
in terms of Accelaration, Fuel Economy, Power was recorded 
while performing road trials whereas emissions characteristics 
(including hydrocarbon, CO and NOx emissions), were examined 
at 1300 and 4000 rpm No load conditions. Results showed that 
stable engine operation was possible for a wide range of engine 
loads up to 30% by mass DME fuel. Further, it was observed 
that up to 10% DME, output engine power was comparable to 
that of pure LPG fuel. Exhaust emissions measurements showed 
that hydrocarbon and NOx emissions were slightly higher with 
blended fuel at low engine speeds. However, engine power output 
decreased and Brake Specific Fuel Consumption (BSFC) severely 
deteriorated with the blended fuel since the energy content of 
DME is much lower than that of LPG. Furthermore, due to the 
high cetane number of DME fuel, knocking was significantly 
increased with DME. Considering the results of the engine power 
output and exhaust emissions, blended fuel up to 20% DME by 
mass can be substituted in LPG and the blended fuel has high 
potential for usage. 

The results show that the test vehicle started easily and ran smoothly 
on LPG-DME blends with improvement in fuel efficiency. LPG-
DME of 20% and higher blends required optimization of air-fuel 
ratio and spark ignition timing.
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I. Introduction
Finite petroleum resources have posed an ever going concern for 
Energy Security, Future oil supplies, worsening environmental 

conditions which has resulted in seeking of non-petroleum based 
renewable alternatives for powering the engines. Since early 
development of Internal Combustion (IC) Engines there has been 
a search for cleaner and greener fuels. This has led to exploring 
alternative fuels which reduce dependence on fossil fuels and 
emissions without compromising on engine performance. The 
fuel that can be considered as an option needs to be available, 
economical, acceptable, environmentally friendly, versatile and 
technologically usable. Amongst the various alternative fuels 
being pursued for usage viz. Ethanol, Methane, Methanol, DME 
etc., DME appears to have the potential for consideration of fuel 
of choice for reducing dependence on fossil fuels. The experiments 
have shown encouraging results. Presently, investigation and usage 
possibilities of following renewable have shown encouraging 
results viz. Liquefied Petroleum Gas (LPG), biodiesel, bio-ethanol, 
and Di-Methyl Ether (DME). Amongst them DME fuel is regarded 
as the front runner.

Extensive research is going on for economic production from 
various feedstocks viz. Natural Gas, Coal, Oil residue and biomass. 
The potential of DME mass production has been explored, and its 
use as a fuel seems promising [1]. DME is attracting great attention 
as an energy source for the 21st century because of its multiple 
sources and excellent physical, chemical, and storage properties. 
In Asia, the demand for fuel for both households and transportation 
is rapidly increasing [2], making DME very promising as an 
alternative fuel. Di-methyl ether (abbreviated as DME) is also 
known as methoxymethane, wood ether, dimethyl oxide or methyl 
ether. It is the simplest ether. It is a colorless, slightly narcotic, 
non-toxic, highly flammable gas at ambient conditions, but can 
be handled as a liquid when lightly pressurized. At first glance, 
DME seems to be an excellent, efficient alternative fuel for use 
in diesel engines, with almost smoke-free combustion. This is not 
only because of its low auto-ignition temperature and its almost 
instantaneous vaporization but also because of the absence of a 
direct C–C bond in the molecular structure and the presence of 
oxygen (around 35% by mass) in the fuel [3]. Moreover, with a 
properly designed fuel supply system, NOx emissions were found 
to be lower with DME than with diesel [4-5]. DME as an additive 
or an ignition enhancer even enables the use of various other fuels 
for conventional diesel combustion, dual fuel operation and HCCI 
operation. Propane, hydrogen, and natural gas, with the assistance 
of DME, have all been tested as alternatives to diesel [6-10]. 

The properties of DME are similar to those of Liquefied Petroleum 
Gas (LPG). DME is degradable in the atmosphere and is not a 
greenhouse gas. DME is attracting great attention as an energy 
source for the 21st century because of its multiple sources and 
excellent physical, chemical, and storage properties.

An increasing interest in the application of DME as an alternative 
fuel for vehicle engine propulsion results from multiple production 
possibilities, including different sources such as natural gas, 
carbon, biomass as well as black liquor from the pulp mill. Due to 
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a high cetane number of DME the main research programs carried 
out by different centers concentrate on the application of DME 
in CI engines. However, taking into consideration the fact that 
physicochemical properties of DME are similar to LPG, it can be 
blended with LPG and applied as a fuel for heating devices and gas 
engine based generators and heat pumps [11-12]. The ease of LPG 
and DME blending and using this mixture either as an additive or 
substitute for pure LPG opens an opportunity of diversification 
of the fuel sources together with an increasing energy security. 
Currently approximately 80 % of manufactured DME is added to 
LPG as a mixture of 20/80 %. [13]. DME applied as an additive 
allowing an accelerate the start of combustion in many internal 
combustion engines including CI, CCCI and HCCI [14-15]. 

A research on SI engines powered by a blend of DME and n-butane 
has been carried out by Lee S. that aims at estimating the engine 
operation characteristics and exhaust gas composition [16-17]. 
The results of the research pointed to the significant influence of 
the lower calorific value of DME on the engine torque and power 
output as well as on the fuel consumption, thus confirming the 
conclusions formulated by the authors on the basis of the research 
carried out in the Transport Department of Silesian University 
of Technology [18]. Chin G., together with his team in 2011 
carried out a research on an SI stationary engine used for micro-
cogeneration purposes. The engine was fed with LPG and DME 
mixtures of a DME mass share varying from 5 to 40 % [19]. The 
obtained results enabled a development of combustion control 
algorithms, particularly with respect to knock detection. Delaying 
the spark ignition timing and variation of the air-fuel ratio enables 
the engine operation without knocking for blends up to 25 % of 
DME. The exhaust gas have a high concentration of DME and 
formaldehyde as well as of NMHCs (non-methane hydrocarbons) 
that can, however, be easily reduced by a conventional exhaust 
after treatment system. Among many factors that spurred the 
authors on to start the research on the application of di-methyl 
ether as a fuel for SI engines the most important was a significant 
feature of DME – the ability of influencing the shortening of the 
onset time of the combustion of the air-fuel mixture (combustion 
process activator). High burning speed of DME speeds up the 
onset of the combustion of the LPG–DME mixture similarly as 
hydrogen added to natural gas.
Di-methyl ether (abbreviated as DME), is also known as 
methoxymethane, wood ether, dimethyl oxide or methyl ether. 
It is the simplest ether. It is a colourless, slightly narcotic, non-
toxic, highly flammable gas at ambient conditions, but can be 
handled as a liquid when lightly pressurized. The properties of 
DME are similar to those of Liquefied Petroleum Gas (LPG). 
DME is degradable in the atmosphere and is not a greenhouse gas. 
DME is attracting great attention as an energy source for the 21st 
century because of its multiple sources and excellent physical, 
chemical, and storage properties.

Molecular Formula of DME is 

Di-Methyl Ether (DME) is a liquefied gas with handling 
characteristics similar to those of Liquefied Petroleum Gas (LPG). 
It has low auto-ignition temperature and its almost instantaneous 
vaporization when injected into the cylinder.

DME is characterized by 
low carbon-to-hydrogen ratio (C: H)• 
Oxygenated fuel content (around 35% by mass) • 
No C\C bonds in its molecular structure. • 
Smoke-free combustion • 
Using as an ignition promoter in order to ignite a low Cetane • 
number fuel in some research 
Low boiling point and high Cetane number assists in  • 
instantaneous vaporization 

DME has a simple chemical structure and high oxygen content 
which will help in lowering emissions from engines. Fuel injection 
of DME is possible through both conventional mechanical and 
present advanced systems but will require minor modifications 
of the standard system to prevent corrosion and overcome low 
lubricity. DME is invisible in a gaseous state under standard 
atmospheric conditions (0.1 MPa at 298 K). When pressure 
is increased above 0.5 MPa, it condenses to the liquid phase. 
DME in gaseous form is denser than air while as a liquid DME 
has a density two thirds that of water. DME and LPG have the 
same vapor pressure and require the same handling and storage 
precautions.  DME dissolves in water up to 6% by mass but is 
not compatible with most elastomers due to its corrosiveness. 
Prolonged exposure to DME may cause deterioration of seals 
therefore, careful selection of materials needs to be carried out 
for preventing its deterioration. 

Table 1: Physiochemical Properties of Dimethyl Ether

PROPERTY VALUE

CHEMICAL FORMULA CH3OCH3

CAS NO 115-10-6

MOLECULAR WEIGHT, g/mol 46.07

MELTING POINT, oC -141.5

BOILING POINT, oC -25.1

VAPOUR PRESSURE at 20oC 510

CRITICAL TEMPERATURE, oC 126.85

CRITICAL PRESSURE, MPa 5.37

CRITICAL VOLUME, cm3/mol 178

LIQUID DENSITY at 20oC, g/cm3 0.67

SPECIFIC GRAVITY at DM 
VAPOUR (Vs Air) 1.59

COLOR COLORLESS

ODOR FAINT ”ETHER” 
SMELL

FLAMMABILITY LIMITS in AIR, 
VOL% 3.4 to 17

ESTIMATED CETANE NUMBER 55

CALORIFIC VALUE, LHV, kcal/L 
at 18oC 7

SOLUBILITY PARAMETER (cal/
cm3)0.5 7.3

WOBBE INDEX, kJ/m3 46198

ACENTRIC FACTOR 0.204
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Table 2: Properties of Conventional and Alternate Motor Fuels
DME LPG CNG HYDROGEN

STORAGE AT STP Liquid 
at 6 bar

Liquid 
at 8 bar Gas Gas

SPECIFIC GRAVITY 0.660 0.540 0.670 0.091

HEAT VALUE 
(NET), Kcal/kg 6590 10970 10400 28670

AUTOIGNITION 
TEMP. oC

235 520 640 585

OCTANE NO. 
(R+M)/2 - 104 120 -

CETANE NO. 55 - - -
FLLAMABILITY 
LIMITS (%v) 3.4-18 2.4-9.6 5.3-

14.0 4-75

STOICH. A/F RATIO 9.0 15.0 15.2 34.3

BOILING RANGE, 
0C

-20 -42 to 
-1 -162 -

LATENT HEAT, kJ/
kg

460 at 
-20
410 at 
20

120 - -

FLAME SPEED, cm/s - 39.6 33.5 270

From the above table, it may be observed that the properties of 
DME and LPG closely complement each other but has different 
characteristics in comparison to LPG components. The Lower 
Heating Value of DME is 65% of LPG which translates to more 
amount of fuel required per cycle to generate the same amount 
of power. Hence, requires 25-30% increase in fuel storage 
capacity. However DME-LPG blend has higher energy content 
in comparison to DME [20]. DME is a gas at ambient temperature 
and pressure but liquefies at 0.5 MPa at 250C. It burns easily 
and produces low emissions. DME lubricity properties are poor 
because of low viscosity. In this study, a spark ignition engine 
was operated with DME-LPG blend. 

II. Experiment Test Set Up
The test vehicle used in the study is a three wheeler CNG auto 
rickshaw of a popular make, powered by a single cylinder, air 
cooled, 173.5 cc, 4-stroke, CNG/petrol engine specified to develop 
4.4 kW @ 5500 rpm on CNG and 6 kW @ 5000 rpm on gasoline. 
Fuel tanks: 29 liter WC steel cylinder rated to store 4.6 kg of 
CNG at 200 bar and a gasoline tank of 3 liters for limp back.  A 
summary of the engine features is given below

Table 3: Specifications of CNG Three Wheeler

Engine type Single cylinder, 4 stroke, spark 
ignition, air cooled

Bore x stroke 57 x 68 mm
Engine displacement 173.52 cm3

Compression Ratio 9 :1
Max. net power 6.53 HP at 5000 rpm
Max. net torque 1.05 kg.m at 4000 rpm
Carburetor Side draft, 18mm equivalent venturi

Fig. 1: Test Vehicle

Fig. 2: Test Vehicle

III. Modifications in Test Vehicle
Initial adjustments in the fuel-air mixture settings in the test 
Vehiclewere carried out. The test vehicle on standard dual fuel 
CNG/ gasoline operation was modified for smooth LPG operation 
with adequate performance (Fig. 1 & 2). The existing CNG kit 
was modified for LPG service with adequate safety (Fig. 3 & 4). 
The gas air mixer was provided before the Solenoid valve. The 
vehicle retained its capability to operate on CNG/ gasoline with 
performance levels similar to standard CNG/gasoline operation 
through some optimizations for their fuel strength.

Fig. 3: Modification in Fuel Supply 
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Fig. 4: Modification in Fuel Supply 

Fig. 5: On-Board LPG Storage

Fig. 6: DME-LPG Blending System

For LPG storage, a 5 Kg portable cylinder was identified and 
installed on-board the vehicle (Fig. 5).The cylinder is capable of 
storing LPG at a pressure of 8 bar. However, DME can be offloaded 
and stored using same method, equipment and infrastructure with 
minor modifications to the pumps, seals and gasket. The transition 
from LPG to DME –LPG blends is less costly.

It requires a special design of hermetically sealed fuel injection 
system for injecting fuel into the engine cylinder. Special care has 
to be taken to avoid leakage of DME to the environment as DME 
has a tendency for immediate evaporation. This characteristic 
could be extremely dangerous as it could form an explosive 

mixture with air if concentration in excess of 3.4% is formed. 
On close scrutiny of the properties it was inferred that DME would 
require the same handling precautions as LPG. 

IV. DME-LPG Blend Preparation and Its Fueling in the 
Vehicle
DME-LPG blends of three different compositions were prepared 
in a standard 5 Kg cylinder. A specially developed reticulation 
system was established for high level accuracy after which the 
Gas chromatography test was done to establish the correct blend 
of components. DME and LPG were filled independently in terms 
of Weight. DME is stored at a pressure of 6 bar and LPG is stored 
at a pressure of 8 bar. Owing to different pressure for liquefaction 
of DME and LPG, first the required quantity of DME was filled 
from a 5 Kg gas cylinder on weight basis after which LPG was 
filled from 19.42 Kg Commercial cylinder. In the fuel blending 
system, liquid phase injection was done to get accurate weight 
basis filling. The source cylinder was weighed on an electronic 
weighing balance for cross checking the quantity of gas filled on 
weight basis. Thereafter, the 5 Kg LPG cylinder was weighed and 
specified quantity of LPG filled and accordingly blends of 10% 
w/w DME with 90% w/w LPG (DME 10), 20% w/w DME with 
80% w/w LPG (DME 20), 30% w/w DME with 70% w/w LPG
(DME 30) were prepared. The test fuels were inducted into the 
engine through the standard CNG kit system with modifications 
for injecting the blend.

V. Field Trials
Field trials were conducted on the test vehicle for the below 
mentioned tests for the analysis of the effect of the DME-LPG 
blend as compared to base line

Acceleration Performance as per IS 11851-1. 19861. – 
Acceleration is primarily a function of power and inertia of 
the vehicle which is the time taken by the test vehicle from 
stationary position to cover a distance of 1 km flat stretch; 
achieve speed of 90 kmph or nearest multiple of 10 kmph to 
max speed whichever is less. Hence, acceleration time and 
max speed achieved was considered as a good indication 
of power developed by the DME-LPG engine in relation to 
standard CNG/ gasoline operation.
Fuel Economy – on road with measured fuel quantities.2. 
Emission test 3. 

The tests were conducted using different fuels which are Gasoline, 
CNG, LPG and DME-LPG blends. The operational safety and 
reliability of the system during the trials and normal road driving 
was observed. The fuel consumption of the vehicle was measured 
under uniform test conditions (pay load 150 kg, route length 25 
km) and also for regular driving from tank fill to tank fill. On the 
test route, for Gasoline the consumption was noted on volume 
basis. LPG and DME-LPG blends were measured on weight basis. 
CNG consumption was calculated from measurement of initial and 
final cylinder pressures, ambient temperatures and their PVT-Z 
correlations using the pre- attuned accurate gas calculations based 
on volume, mass or energy equivalence.

Emissions were measured under no load conditions at engine 
speed of 1300 rpm and 4000 using a portable AVL Di-Gas 444 
analyzer and Smoke meter.
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VI. Results and Discussion

A. Vehicle Performance
The ignition of the vehicle in the case of Gasoline was instantaneous 
and the engine started smoothly without any problem. It ran 
smoothly on CNG and LPG also. Similarly for blends of 10% w/w 
DME with 90% w/w LPG (DME 10) there was smooth starting 
and running. However, for blends of 20% w/w DME with 80% 
w/w LPG (DME 20) a slight difficulty was faced during starting 
but in the case of blends of 30% w/w DME with 70% w/w LPG 
(DME 30) cranking took some time and the engine was not running 
very smoothly. The operations were little sluggish in comparison 
to conventional fuels. Various test results are discussed in the 
subsequent sections.

B. Fuel Efficiency 
The fuel efficiency comparison of DME-LPG blends with CNG, 
LPG and DME-LPG in terms of km/kg and that of Gasoline in 
terms of km/litre are shown below in the Table 4   
Table 4: Fuel Efficiency of Test Vehicle on Various Fuels and 
DME- LPG Blends
Fuel Fuel Consumption (km/kg)* on road

CNG 27.85

GASOLINE 35.88

LPG 30.00

DME 10 29.20

DME 20 28.30

DME 30 27.30

The Fuel efficiency of the vehicle with various DME-LPG 
blends was compared with CNG, Gasoline, LPG under uniform 
test conditions. It can be observed that Gasoline provides the 
maximum mileage followed by LPG and then CNG. The blend 
of 10% w/w DME with 90% w/w LPG (DME 10) shows minor 
drop (2.6%) in mileage in comparison to LPG. The blend of 20% 
w/w DME with 80% w/w LPG (DME 20) shows a drop (5.6%) 
in mileage in comparison to LPG. The blend of 30% w/w DME 
with 70% w/w LPG (DME 30) shows substantial drop (9%) in 
mileage in comparison to LPG. Although, the heat value of DME 
is 40 % lesser than LPG but there is a nominal drop in mileage 
with substitution up to 20% on weight basis. The addition of DME 
will lead to dilution effect and thus increase in burning speed of 
fuel blend for generating the same power. Hence, the mileage is 
bound to decrease. This indicates that there exists an optimum 
percentage range of DME-LPG blend that gives best results of fuel 
efficiency. The optimum blend for DME-LPG can be observed at 
20% w/w DME with 80% w/w LPG (DME 20).

C. Acceleration and Power
Table 5: Acceleration and Torque Performance of the Test Vehicle 
on Various Fuels and DME- LPG Blends
Fuel Acceleration  (On 1 Km Stretch)

Time (sec) Max Speed (km/hr)
CNG 77.50 49.00
Gasoline 69.00 60.38
LPG 71.00 59.38
DME 10 68.50 57.75
DME 20 72.75 55.00
DME 30 72.38 54.63

The acceleration performance of the vehicle with various fuels 
is given in Table 5. It shows the time taken for the 3 wheeler to 
accelerate to max speed on a 1 Km level stretch with different 
fuels and fuel blends of DME- LPG. It can be observed that the 
minimum time taken to complete the 1 Km stretch was with 
10% w/w DME with 90% w/w LPG (DME 10) followed by 
LPG, Gasoline, DME 30, DME20 and CNG. The maximum 
speed acceleration was attained using Gasoline fuel followed by 
LPG, DME10, DME20, DME30 and CNG. This indicates that 
although acceleration performance of the vehicle has dipped to 
a minor extent with blending of DME in LPG but the time taken 
to cover the stretch of 1 Km has dropped. Although there is no 
enhancement of maximum speed and time taken for DME-LPG 
blends in comparison LPG but the performance is much better 
in comparison to CNG which is the fuel commonly used in 3 
wheelers.  The acceleration performance is lower in DME 10 
compared to CNG and Gasoline.

The improvement in acceleration is attained due to efficient 
propagation of combustion flame inside the combustion chamber 
resulting in fast heat release and completeness of combustion. 
For specific induction duration, the total combustion duration 
has decreased with increase in DME %. But the acceleration 
performance seems to degrade at higher proportions of DME-
LPG due to power loss arising from lower energy content in 
DME-LPG blends. 

Power produced is maximum near stochiometric equivalence ratio. 
A lean burn engine, when full power is needed, such as during 
acceleration or hill climbing, reverts to a stochiometric (14.7:1) 
ratio or richer than its normal air/fuel ratio (about 22:1). DME 
addition may reduce the power due to lower volumetric LHV. 
Hence, a blend of 20% w/w DME with 80% w/w LPG (DME 
20) will maintain an optimum power output. 

D. Effect on Emission Levels 
The emissions characteristics of different fuels CNG, Gasoline, 
LPG and fuel blends (DME-LPG) were observed at no load. The 
tail gas emissions (CO, HC, NOx and CO2). The tail gas emissions 
with various fuels and its blends under varying conditions is shown 
in Fig. 7,8,9,10

Fig. 7: Variation of CO% with Different Fuels
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Fig. 8: Variation of HC with Different Fuels

Fig. 9: Variation of CO2 with Different Fuels

Fig. 10: Variation of NOx with Different Fuels

VII. Conclusion
A Standard CNG/Gasoline 3-Wheeler was successfully 1. 
converted for LPG and DME-LPG blends.Vehicle performed 
smoothly on all fuels. With higher blends slight difficulty was 
observed during starting. Cranking took some time and the 
engine was not running very smoothly in blend of 30% w/w 
DME with 70% w/w LPG (DME 30)
Field trial results show no significant change in performance 2. 
with blends of 10% w/w DME with 90% w/w LPG (DME 10). 
There is a slight drop in performance in comparison to LPG 
mainly due to the lesser LHV of DME. As the DME proportion 
is increased there is a drop in performance. The most optimum 
results with no engine modification was found in the case of 
20% w/w DME with 80% w/w LPG (DME 20)
Acceleration test revealed that the mileage achieved was 3. 
maximum in DME10.  Acceleration improved in DME 20 
blend but speed dropped.
Modification in Engine and parts may be required for higher 4. 
blends. Optimum blend was at 20% w/w DME with 80% 
w/w LPG (DME 20)
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