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The use of dimethyl ether (DME) solution in compression ignition engine 
 

ARTICLE INFO  The development of compression ignition combustion engines is focused on meeting many challenges, mainly 
related to growing ecological requirements. Currently, however, due to technological barriers, meeting them is 

very difficult and requires the use of additional exhaust gas treatment systems. The use of injection of a diesel 

and gas solution seems to be very promising. The article presents the results of engine tests involving the use of 
a solution of diesel fuel and dimethyl ether. The tests were performed on a single-cylinder research engine 

equipped with a common rail fuel system. The obtained results suggest that the use of the solution has a positive 

effect on the process of creating the fuel-air mixture, resulting in a reduction in the concentration of HC and CO 

while increasing the share of NOx, suggesting an improvement in the combustion process, as evidenced by the 

limiting injection dose. 
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1. Introduction 
Since its introduction to the market in the 1930s, diesel 

engines have gained wide recognition in the automotive 

world. Their growing popularity resulted not only from 

their high efficiency but also from their ability to generate  

a significant amount of torque at low rpm, which affects 

fuel economy and their durability. These engines played a 

key role in passenger cars, heavy-duty vehicles, buses, and 

even locomotives or ships, despite the fast evolution of 

electric motors and battery technology [14]. 

Initially, diesel engines were the most popular in the 

commercial vehicle sector due to their excellent economic 

properties [17]. However, over time, the technology has 

found a widespread use in passenger cars, since drivers 

expect engine efficacy balanced with fuel efficiency. As  

a result, for many years, diesel engines dominated the au-

tomotive market, gaining loyal supporters around the world. 

With the rising popularity, diesel engines also gained 

some opponents. In recent years, especially in the context 

of growing environmental awareness and concern for the 

environment, these engines have come under fire due to the 

emission of harmful substances such as nitrogen oxides 

(NOx) and particulate matter (PM) [11, 12]. More and more 

stringent requirements were set for exhaust emission stand-

ards, which forced the use of technologically advanced 

exhaust gas cleaning systems based on particulate filters, 

multi-level exhaust gas recirculation systems, or selective 

catalytic reduction (SCR) systems[15, 16].  

One of the most effective ways to reduce exhaust emis-

sions is to improve the fuel atomization process, which 

results in a more homogeneous fuel-air mixture and allows 

for better control of the combustion process. The currently 

used injection systems generate a fuel pressure of up to 

2500 bar, which allows the atomization of the injection 

dose into up to 8 parts. Further, atomization by increasing 

the pressure of the injected fuel is becoming more and more 

difficult to achieve due to technological limitations and the 

strength of the materials.  

One way to improve fuel atomization may be to create  

a solution of gas in the fuel. The concept involves supply-

ing a certain amount of gas to the fuel, which is then dis-

solved in it; the pressure generated by the high-pressure 

pump causes the fuel in the reservoir and injection lines to 

remain in equilibrium. During the next stage occurring 

when the injector is opened, an effect is observed that ac-

companies the release of dissolved gas from the liquid fuel 

during injection into the combustion chamber (desorption 

effect), which occurs due to a strong imbalance. This phe-

nomenon is due to the characteristics of this solution – 

when the pressure is lowered, the excess gas dissolved in 

the liquid is spontaneously released simultaneously from 

the entire volume. The decrease in pressure is accompanied 

by a decrease in the equilibrium thermodynamic potential. 

Thus, the negative pressure gradient is the thermodynamic 

stimulus that causes the release of gas from the solution. 

The rate of gas release is related to the rate of change of the 

stimulus. The goal of the proposed concept is to achieve 

better fuel injection, at least qualitatively, compared to that 

obtained in high-pressure systems while maintaining rela-

tively low injection pressures. 

Most gases dissolve poorly in liquids, and the amount of 

gas dissolved strongly depends on the pressure and temper-

ature at which dissolution occurs. Gas atoms (or molecules) 

in the solution state are uniformly dispersed throughout the 

liquid volume. Releasing simultaneously throughout the 

volume, the molecules form dispersed microbubbles, ex-

pand, and tend to merge. As a result, the volume is divided 

into two parts: one – is occupied by solution and the other – 

by gas. However, if the pressure drop occurs dynamically, 

then the microbubbles will not manage to merge into  

a single volume. A factor that promotes the intensification 

of the effect of desorption of gas from the solution is, there-

fore, the speed of the process. This is beneficial for the 

engine. There is a significant pressure difference between 

the atomizer from which the fuel flows and the combustion 

chamber through which the fuel passes. The fuel flows out 
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over a short distance (the length of the atomizer channels) 

and in a very short time. The simultaneous combination of 

these factors means a very high rate of pressure change 

during injection and, thus, a very large thermodynamic 

potential gradient. Thus, if a fuel-gas solution is injected 

into the injector, we note that during the outflow of fuel 

through the atomizer orifices, there is a dynamic release of 

gas in the fuel due to a rapid drop in the thermodynamic 

potential in the outlet path. This mechanism causes the fuel 

droplets to burst from the center. Thus, it will be an addi-

tional factor supporting the existing fuel atomization mech-

anism. 

According to the concept presented, in the high-pressure 

part of the injection system (from the high-pressure pump 

up to the atomizer ports), the pressure should be maintained 

at such a level that the gas cannot escape from the solution. 

In this part of the system, the fuel with gas should form  

a homogeneous solution. Gas release coupled with expan-

sion should take place only outside the atomizer to help 

break up droplets along the fuel outlet. This process is qual-

itatively illustrated in Fig. 1 [4]. 

 

Fig. 1. Spray mechanism of gas dissolved from fuel 

 

Various gases dissolved in diesel fuel have been studied 

so far, but dimethyl ether seems to be one of the most very 

promising. Owing to its properties (very good solubility and 

high cetane number), it is also suitable for diesel engines as 

a stand-alone fuel [10].  

The use of dimethyl ether as a fuel to power compres-

sion ignition engines has many benefits. DME has physico-

chemical parameters similar to conventional diesel fuel.  

A comparison of the most important parameters is present-

ed in Table 1. 

A very important aspect supporting the wider use of di-

methyl ether as a fuel is the fact that it belongs to the group 

of second-generation alternative fuels. DME production 

technology is based, among others, on biomass gasification, 

which makes it possible to increase independence from 

fossil fuels [2]. 

The basic parameters that determine whether the fuel is 

suitable for powering compression ignition engines include 

the self-ignition temperature and the cetane number. In both 

cases, the alternative fuel is characterized by more favora-

ble values. The self-ignition temperature is lower by 15 

degrees Celsius, thanks to which the fuel allows for easier 

starting of the engine at lower temperatures, while the ce-

tane number is, on average, several points higher than in the 

case of conventional diesel fuel. Both of these parameters 

make the DME in the compression ignition engine ignite 

more easily than in the case of conventional diesel fuel. 

Another preferred parameter is a low boiling point, which is 

25 degrees Celsius. DME occurs in atmospheric conditions 

in the gaseous form. Therefore, it has to be stored in the 

liquefied form. Its density is lower than that of conventional 

diesel fuel. In addition, it has an oxygen atom in its mole-

cule, which means that its calorific value is lower than that 

of conventional diesel fuel. This requires the use of larger 

tanks to ensure the same operating time as for the conven-

tional diesel fuel motor power supply [18, 19]. 

 
Table 1. Comparison of dimethyl ether and diesel characteristics [5, 7, 13] 

Parameter Unit Dimethyl ether Diesel oil 

Critical pressure  MPa 5.37 3.00 

Lower calorific value MJ/kg 27.6 39.5 

Lower explosion limit % vol. 3.2 0.6 

Liquid density kg/m3 667 842.5 

Upper explosion limit % vol. 18 7 

Kinematic viscosity of liquid cSt < 0.1 3 

Cetane index 
 

57 51 

Molar mass g/mol 46 170 

Surface tension N/m 0.012 0.027 

Vapor pressure kPa 530 << 10 

C/H ratio 
 

0.337 0.516 

Stoichiometric ratio of air/fuel 
 

9 14.6 

Chemical structure 
 

CH3–O–CH3 – 

Critical temperature °C 126 434 

Self-ignition temperature °C 234 249 

Boiling point at 1atm °C –25 176–370 

Oxygen content % mass 34.8 0 

Carbon content % mass 52.2 86,5 

Hydrogen content % mass 13 13.4 

 

The challenge in the widespread use of dimethyl ether 

as the main fuel for powering diesel engines is its low lu-

bricity and viscosity. These parameters have a significant 

impact on the operation of injection systems, as they are 

responsible for creating a lubricating film that prevents 

from the wear of engine parts. Due to their low value, the 

production of insufficient thickness of the lubricating film 

leads to faster wear of engine parts. These properties dis-

qualify the use of pure DME. The problem of low lubricity 

can be solved by using additives to increase lubricity. DME 

dissolves very well in conventional diesel fuel therefore it is 

very promising as an additive to conventional diesel fuel. 

Thanks to DME physical properties, it can be used to create 

a solution, and thus obtain a release effect. 

A very important issue from the point of view of envi-

ronmental impact is that dimethyl ether can be produced 

from renewable substances. One of the methods of obtain-

ing DME is the gasification of biomass such as wood, agri-

cultural waste, or biological residues. The biomass is sub-

jected to a pyrolysis process, which produces synthesis gas. 

Then, using appropriate catalysts based on copper and zinc 

compounds, methanol is synthesized, which is then trans-

formed into dimethyl ether in the next step. Producing 

DME from renewable raw materials is undoubtedly the 

most ecological, but due to the economic aspects and effi-

ciency of the process, it is currently most often produced 

from natural gas rich in methane in the steam reforming 
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process. Due to the fact that the combustion of DME in  

a compression ignition engine results in a reduction in 

emissions of toxic compounds contained in the fuel [8], it is 

reasonable to examine the impact of DME as a fuel additive 

with its release effect on engine operating parameters and 

emissions. 

2. Preparation of the test stand 
Due to the fact that dimethyl ether is a gaseous fuel, it is 

necessary to prepare a suitable system for storing it and 

supplying it to the high-pressure pump [3].  

Preparing an injection system that allows gases to dis-

solve is a big challenge due to the differences in compressi-

bility of both components and the presence of different 

phases of concentration. For this purpose, a high-pressure 

pump equipped with a special pumping section (Fig. 2) was 

used, which allows gas to be supplied and mixed with fuel 

during stacking. 

 

Fig. 2. Delivery section of pump: 1 – body of the delivery section, 2 – 

cylinder, 3 – section labyrinth seal, 4 – gas stub pipe, 5 – one-way gas 
 valve, 6 – one-way outlet valve [4, 6] 

 

The fuel pump is driven by an independent system con-

sisting of an electric motor controlled by an inverter. The 

rotational speed is adjusted in such a way as to ensure ade-

quate pressure and output of the pumped fuel while it is 

overheating since it may affect the measurement results. 

Diesel fuel is supplied to the pump at a pressure of 5 bar 

generated by the initial fuel pump, while gaseous fuel, due 

to the fact that it is stored in a pressurized cylinder, is sup-

plied to the system directly using a conditioning system 

equipped with a filter unit and a pressure regulator to con-

trol the amount of dissolved gas. For the first series of 

measurements, standard Bosch CP3 high-pressure fuel 

pump was used. During the second measurement series, 

where the solution was created, a special pump was used to 

dissolve the gas in place of the standard CR pump.  

The concentration of dissolved gas in the fuel obtained 

in this way is difficult to determine precisely; however, 

under fixed operating conditions of the engine (i.e. constant 

rotational speed and constant load) it remains at an even 

level, depending on the pressure at which it is supplied to 

the high-pressure pump. 

The tests were carried out on a motor dynamometer 

equipped with a single-cylinder SB3.1 test engine coupled 

with an electric swirl brake. The basic parameters of the test 

engine are presented in Table 2. 

 

Fig. 3. Engine test bench: 1 – DME tank, 2 – diesel tank, 3 – filtration 

block with pressure regulator, 4 – fuel pump/modified fuel pump, 5 – mass 

air flow meter, 6 – inlet air compressor, 7 – SB 3.1 engine, 8 – injection 
 controller, 9 – exhaust gases analyzer 

 
Table 2. Tested engine parameters 

Cylinder diameter 127 mm 

Stroke 146 mm 

Displacement 1.850 dm3 

Compression ratio 15.75 

Crank ratio 0.263 

Connecting rod length 277 mm 

Inlet valve opening angle 4° before TDC 

Inlet valve closing angle 57° after BDC 

Exhaust valve opening angle 42° before BDC 

Exhaust valve closing angle 24° after TDC 

3. Methods 
The measuring devices and test equipment mentioned in 

the previous section were selected to carry out the tests due 

to the scope of work adequate to the expected results. Ex-

haust gases for the Axion analyzer were collected directly 

from the exhaust system using dedicated, leakless holes. In 

accordance with current engine testing practices, measure-

ments began after the engine warm-up phase, when the 

temperature of the coolant and oil had stabilized. 

Tests were planned to be carried out for 900 rpm. Char-

acteristics were performed covering 6 measurement points 

in the load range from 0 to 50 nm. The tests began with no-

load operation, then the brake torque was increased by 10 

nm and the injection time was adjusted to achieve the se-

lected operating points. 

The start of the injection angle was set up by a dedicat-

ed controller that triggered a signal controlling the power 

amplifier supplying the injector coil. The controller uses  

a signal from an absolute encoder with a resolution of 8 

bits, which, due to limited availability, was mounted on the 

camshaft. The mounting method and resolution of the en-

coder allow the injection angle to be adjusted by exactly 

2.8125 degrees. Adjustment of the injection time was car-

ried out with an accuracy of 0.1 ms. 

During the research, three measurement series were per-

formed. The first for a conventional injection system 

equipped with a standard Bosch CP3 pump, which serves as 



 

The use of dimethyl ether (DME) solution in compression ignition engine 

6 COMBUSTION ENGINES, 0000;XXX(X) 

a reference point for further measurements. The next two 

tests were carried out using a dedicated high-pressure 

pump, enabling the dissolution of gases. Dimethyl ether 

was fed to a high-pressure pump equipped with a modified 

pumping section, enabling the dissolution of gases at pres-

sures of 3 and 5 bar. The DME supply pressure was 

changed using a pressure regulator block and was con-

trolled before the start of each series of measurements. 

Adjusting the dimethyl ether supply pressure allows you to 

control the amount of gas dissolved in the diesel fuel. In-

creasing the DME supply pressure changes the amount of 

gas in the solution. Therefore, in order to determine the 

impact on the concentration of harmful exhaust gas compo-

nents, tests were carried out for two values of DME supply 

pressure (3 bar and 5 bar). 

The fuel pressure during the measurements was regulat-

ed by an external controller based on the reading from the 

pressure sensor in the CR tank and regulating the operation 

of the electronic fuel dose valve on the pump and the pres-

sure regulator on the Common Rail tank. In order to 

demonstrate the favorable features of gas dissolution in the 

fuel, the injection pressure in each measurement series was 

40 MPa. 

4. Results 
Measurements of the concentration of gaseous compo-

nents of exhaust gases were carried out after the engine 

reached the nominal operating temperature. The achieve-

ment of this state was determined on the basis of the tem-

perature of the oil and the cooling liquid. The effects of 

using a mixture of diesel oil and dimethyl ether to power 

the test engine could already be observed in the case of 

idling, which manifested itself in the need to reduce the 

injection time in order to achieve the same rotational speed 

as the common rail. The trend shown in Fig. 4 is also no-

ticeable for other load values. 

 

 Fig. 4. Comparison of injection time for diesel and DME solutions 

 

The comparison of carbon monoxide concentration as 

the percentage proportion is shown in Fig. 5. The gas-fuel 

solution reduces the concentration compared to convention-

al fuel. The share of DME in the solution can be increased 

by increasing the pressure of delivering it to the pump. The 

higher the DME share in the solution, the more noticeable 

the reduction of carbon monoxide concentration is.  

Figure 6 shows a comparison of hydrocarbon concentra-

tions. A significant reduction in the concentration of toxic 

compounds is already observed at idling speed. At the ana-

lyzed engine operating point, the use of the solution reduces 

hydrocarbon concentration by about 60%. As the load in-

creases, the difference in hydrocarbon concentration be-

comes even more apparent. At the maximum load, the HC 

concentration in the case of the gas-fuel solution (for 5 bar 

DME) is only 10% of the concentration that was measured 

when feeding the engine purely with conventional fuel. 

 

 Fig. 5. Comparison of CO concentration for diesel and DME solutions 

 

 Fig. 6. Comparison of HC concentration for diesel and DME solutions 

 

Should the improvement of the atomization structure be 

solely accounted for the reduction in PM and HC when the 

engine was supplied with a solution, an increase in NOx 

concentration is exhaust gases is predicted. The results of 

NOx measurements presented in Fig. 7. clearly confirm this 

prediction. An increase in NOx concentration was noted at 

almost all measurement points. The NOx emissions signifi-

cantly increase together with the increasing amount of dis-

solved air, especially within the range of low engine speed.  

5. Summary 
Dimethyl ether, due to its properties similar to diesel 

fuel, is an ideal fuel for powering compression-ignition 

engines. However, as of today, technological problems 

resulting from its low lubricity, viscosity, and energy value 

remain to be solved. Therefore, the use of DME as an inde-

pendent fuel is difficult to implement. 
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 Fig. 7. Comparison of NOx concentration for diesel and DME solutions 

 
Dissolving the gas in the diesel fuel creates an equilibri-

um mixture by maintaining high pressure. At the moment 

of injection, when the pressure drops, gas molecules are 

released from the solution. The obtained research results 

indicate that the occurrence of this phenomenon significant-

ly affects the combustion process and the concentration of 

harmful compounds in the exhaust gases. Although the use 

of DME as a fuel in a diesel engine is characterized by  

a reduction in NOx emissions (mainly as a result of lower-

ing the maximum combustion temperature), by using  

a solution of a small amount of gas and its release at the 

time of injection, an increase in the concentration of these 

compounds is observed due to the improvement of the 

atomization mechanism and the combustion process. 

Feeding the engine with the solution has a significant 

impact on reducing the concentration of hydrocarbons in 

exhaust gases. The observed results prove the improvement 

of the fuel evaporation process and the improvement of the 

process of creating the fuel-air mixture, which becomes 

more homogeneous throughout the entire volume of the 

combustion chamber. 

These studies also show that in order to perform meas-

urements at the same engine operating points (constant 

rotational speed and load), it is necessary to shorten the 

injector opening time when fueled with a gas and diesel 

solution. It should be noted that all tests were performed at 

the same injection pressure of 40 MPa. It is worth empha-

sizing that the indicated fuel pressure value is too low to 

ensure sufficient fuel atomization in the case of diesel fuel. 

The dissolution of DME in diesel fuel, enabled by the 

use of a specially designed fuel pump, improves the process 

of creating the fuel-air mixture despite maintaining the 

same relatively low injection pressure. This mixture has  

a positive effect on the combustion process from an envi-

ronmental and useful perspective by increasing the generat-

ed torque. 

The presented test results and their analysis show that 

adding dimethyl ether to diesel in a high-pressure pump 

equipped with a special forcing section allows for the crea-

tion of a solution that remains in a state of equilibrium until 

it flows out of the atomizer when the dose is injected into 

the cylinder. Therefore, there is a phenomenon of dynamic 

release of DME bubbles from the solution, which causes 

the fuel droplets to burst from the inside. 

We can also observe that increasing the gas pressure 

supplied to the pump, thereby increasing the concentration 

of dimethyl ether in the solution, results in an even greater 

reduction in the concentration of HC and CO and an in-

crease in the NOx concentration. It can therefore be con-

cluded that the higher the gas concentration in the solution, 

the more intense the desorption phenomenon occurs, signif-

icantly improving atomization. 

Taking into account that currently, in order to meet in-

creasingly stringent exhaust emission standards, it is neces-

sary to use injection systems generating pressure exceeding 

250 MPa, the use of a solution of dimethyl ether and diesel 

oil may be an interesting alternative to further increasing 

the pressure, which creates more and more technological 

problems, negatively affecting on the durability and relia-

bility of engines. 

It should be expected that the improvement of fuel at-

omization, the effects of which are observed in the present-

ed results of concentrations of gaseous components of ex-

haust gases, will also affect the mass and number of gener-

ated particulate matter. Therefore, further directions of 

research will include determining the impact of the use of  

a solution of dimethyl ether with diesel fuel on the amount 

and mass, and size distribution of particle matter. 

 

Nomenclature 

BDC bottom death center 

CO carbon oxide 

CR common rail 

DF diesel fuel 

DME dimethyl ether 

HC hydrocarbons 

NDIR nondispersive infrared 

NOx nitro oxides 

PM particulate matter 

SCR selective catalytic reduction 

TDC top death center 
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