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INTRODUCTION 

1. Necessity 

Vietnam is an agricultural country with great potential for biofuel 

production. The Vietnamese government has a policy of developing 

biofuels properly expressed through the "Project of development and use 

of biofuels by 2015 and vision to 2025". The topic "Researching 

performance of spark ignition engines using gasoline- ethanol fuel" will 

contribute to solving the problem of fuel shortage, reducing 

environmental pollution and combating climate change. 

2. Objectives of research 

- Assess the impact and effectiveness of the use of gasohol on the 

spark ignition engines being circulated. On that basis, it is proposed that 

the ratio of ethanol in the mixture of gasoline-ethanol fuel ensures the 

performance of the spark ignition engine used in cars under operating 

conditions. 

- Proposing a solution to improve the intake manifold structure, 

gasoline / ethanol mixing method for compulsory spark ignition engine 

using gasohol with a flexible ratio of ethanol according to operating 

conditions in order to increase the ethanol ratio. 

3. Subjects and scope of research 

- The object of the study is an engine with 4-cylinder, 4-stroke, 

gasoline injection and spark ignition by electronically controlled. This 

type of engine is commonly used in passenger cars today. 

- The scope of the study is to consider and evaluate the process 

of fuel injection, formation of mixture, combustion process, performance 

and pollution emissions of spark ignition engines using gasohol fuel 

according to the operating condition. The proportion of ethanol in gasohol 

will be changeable over a wide range. 
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4. Research content 

- The simulation models are built based on theoretical of 

computation fluid dynamic (CFD) and Ansys-Fluent software. 

- The experimental system is built to measure and evaluate 

performance and pollution emissions of the engine. 

- The simulation model is adjusted according to experimental 

results, then simulation model is developed to expand the scope of the 

research. 

5. Research method 

Simulations and experiments are used simultaneously for this 

research. 

6. The significance of scientific and practical 

Simulation model of the thesis is the scientific basis of applying 

Ansys-Fluent software in calculating the ignition engine operating cycle 

using multiple fuels. Calculation results from the model allow analysis 

and assessment of the course of the fuel injection process, the formation 

of mixture, and the combustion process in gasoline injection and spark 

ignition engines. Simulation results of evaporation, mixture formation 

and combustion process are the scientific basis for calibrating engine of 

electronically controlled ignition and injection, which uses gasohol fuel 

with high ethanol content. 

Experimental results on the performance of the engine using 

gasohol indicate the high range of ethanol ratio can be apply on engine of 

passenger cars, which has confirmed the feasibility in realizing the 

objectives of the bio-fuel roadmap under the Prime Minister's Decision 

53/2012 / QD-TTg. 

Therefore, the thesis contributes to ensuring national energy 

security and fulfilling Vietnam's commitment at COP21 in dealing with 
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global warming. 

7. Structure of the thesis 

In addition to the introduction and conclusion, the content of the 

thesis is divided into 4 chapters, presenting the following main contents: 

Chapter 1 - Overview, Chapter 2 - Theoretical foundations, Chapter 3 - 

Experimental research and Chapter 4 - Simulation research. 

8. New contributions of the thesis 

- Successfully building a 3D-CFD model of a gasoline engine, 

allowing analysis of the fuel injection process, fuel-air mixture 

characteristics and combustion process in the gasoline injection engine, 

for both gasoline - ethanol blended injection and separate 

gasoline/ethanol injection. 

- Proposing a dual gasoline / ethanol injection solution applied to 

gasoline port fuel injection engines or direct injection engines. It is not 

only satisfying the complete evaporation capacity of ethanol at high ratio 

but also helps to stratified octane number of mixtures at the end of the 

compression process in the cylinder of engine. 

 

Chapter 1. OVERVIEW 

1.1. Using renewable fuels on automobile engines 

1.1.1. Practical requirements towards using biofuels 

Use of biofuels in general and ethanol request comes from energy 

security, reduce pollution and CO2 emission reduction commitments 

under the COP21 of the countries in the world including Vietnam. 

1.1.2. Combustion technology uses two fuels as a suitable solution 

towards the use of biofuels on internal combustion engines 

The scientific community is moving towards the concept of 

advanced combustion, including combustion compression with a 
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homogeneous mixture (HCCI), Reactivity Controlled Compression 

Ignition (RCCI) and Partially premixed combustion (PPC). These 

combustion technologies important roles of alternative fuels such as 

ethanol, methanol, natural gas, ... 

1.1.3. The situation of biofuel production in the world and in Vietnam 

Ethanol dominates today's biofuel market thanks to its ability to 

produce on an industrial scale and be environmentally friendly compared 

to other alcohols. 

Vietnam is an agricultural country, agricultural waste products are 

plentiful, especially in cassava, corn and sugarcane production areas ... 

Vietnam currently has more than 50 domestic sugar factories with a total 

capacity of nearly 100,000 tons sugarcane per day, it is possible that 

Vietnam can produce up to 100 million liters of alcohol each year. 

"The project of developing biofuels to 2015 and vision to 2025" of 

the Government of Vietnam has promoted the amount of ethanol 

produced domestically to meet E5 fuel to replace RON92 gasoline 

nationwide in the period over time. This is the premise towards ethanol 

production in the country to meet the demand for ethanol to blend E10, 

E15 and E20 fuels to replace RON92 gasoline in the coming time. 

1.2. Situation of research on using gasohol fuel on spark ignition 

engines 

Typically, gasohol fuel is created by directly mixing ethanol with 

gasoline. When using gasohol fuel with ethanol ratio not exceeding E20, 

engine performance is not only guaranteed but also significantly reduces 

CO, HC and CO2 emissions compared to conventional gasoline. 

Application of ethanol as a fuel for internal combustion engines by direct 

injection of ethanol into the combustion chamber or by the separate 

injection of gasoline / ethanol on the port intake can not only solve the 
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renewable fuel source, but also take advantage of the benefits of ethanol 

to improve engine efficiency, reduce CO, HC, CO2 emissions and limit 

NOx increase compared to  port gasoline-ethanol mixture injection 

traditional. 

Conclusion chapter 1 

Ethanol is a renewable biofuel, suitable to replace gasoline fuel on 

the current means of transportation. In addition, the production and use 

of ethanol do not emit CO2 in the carbon cycle, contributing to the fight 

against global warming according to the COP21 joint statement. 

Currently, Vietnam has ethanol factories that can meet the amount 

of ethanol blended with E5 biofuel to replace RON92 gasoline 

nationwide. Besides, with the policy mechanism from "Project of 

developing biofuels to 2015, vision to 2025" will create conditions to 

increase ethanol production to meet blends E10, E15 and E20 biofuel 

instead replace E5 in the future. 

To exploit the advantages and overcome the significant 

disadvantages of ethanol fuel when used on gasoline engines, it is 

necessary to study different fuel injection solutions because they are the 

main factors affecting the evaporation, mixture formation and formation 

of harmful emissions in combustion process. The thesis will study PI and 

DI systems for two methods of gasoline-ethanol mixture injection and 

gasoline / ethanol dual injection to determine necessary changes in 

injection timing, layout of intake port to improve ethanol ratio in gasohol. 

 

Chapter 2. THEORETICAL BASIS 

2.1. Theory of turbulent flow 

2.1.1. System of equations describing a turbulent flow 

The turbulent flow can be described through the Navier - Stokes 
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equation system and solved by Reynolds-averaged method (RANs). 

RANs are closed by standard k- turbulence model.  

2.1.1.1. Navier-Stokes equation 

      0u v w
t x y z


  

   
   

   

 (2.1) 

   

 

2

3

ji l
i i j ij

j i j j i l

i j

j

uu up
u u u

t x x x x x x

u u
x

   



      
                 


  



 
(2.2) 

2.1.1.2. Standard k-ε model 

 

(2.3) 

 
(2.4) 

2.1.2. Modelling of chemical reactions in turbulent flows 

CFD can model the mixing and transporting fluids by solving 

conservation equations describing convection, diffusion and reaction 

sources for each component according to the transport equation: 

 
(2.6) 

The reaction rate Ri is calculated in Ansys-Fluent according to the 

Laminar finite-rate model: The effect of turbulence is ignored, and the 

reaction rate is determined by Arrhenius kinetic expressions. 

2.2. The model controls the reaction and turbulent flame speed 

2.2.1. Reactive control model 

The process of changing chemical substances in the combustion 

chambers is related to sparks from spark plugs and decides to turn the 

average reaction process c as follows: 
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Where: Dt – turbulent diffusivity, ρu – density of unburned mixture, Ut – 

turbulent flame speed determined from Zimont closure model, ρ – mean 

mixture density, c – mass fraction burn of species in the mixture, v


– 

velocity vector. 

2.2.2. Zimont turbulent flame speed 

The Zimont turbulent flame speed closure is computed using a 

model for wrinkled and thickened flame fronts: 

 
(2.19) 

Where: A- model constant, u- RMS (root-mean-square) velocity 

(m/s), lU - laminar flame speed (m/s),  - molecular heat transfer 

coefficient of unburnt mixture (thermal diffusivity) (m2/s), and t - 

turbulence length scale (m). 

2.3. Theory of injection model 

General equations describe the process of development and decay 

of spraying forms: 
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Where, ρ is the density of the fluid,  is a general variable and   

is the corresponding diffusivity, S represents the source term, Uk (k 

=1,2,3) represents the velocity components, and Ubk are the components 

of velocity of the moving boundary of the control volume. 

Phương trình mô tả tốc độ bay hơi có dạng: 
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Where, dm is the mass of the droplet; pdc  is the specific heat; dT  

is its temperature; Q


- is the convective heat flux from the to the droplet 
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surface; sq is the local surface heat flux and vsf  is vapor mass flux; L is 

the latent heat. 

2.4. Model of calculating of burnt products 

Combustion fuel of gasoline and ethanol mixture with general 

formula with air is written as follows: 

2
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In which,  is the equivalent coefficient of the mixture, 
i

x is the 

molar component of i substances in the combustion product and nq is the 

total number of moles of substances in the combustion product. 

The formation of thermal NOx is determined by a set of high 

temperature-dependent chemical reactions called extended Zeldovich 

mechanisms. 

2O N N NO     (2.47) 

2N O O NO  
  (2.48) 

N OH H NO     (2.49) 

Conclusion of chapter 2: 

An approach that does not change the energy supplied to the cycle 

will be able to improve the performance of a spark ignition engine when 

converting gasoline engines to using gasohol with a high ethanol ratio. In 

the absence of empirical research, simulation is an effective tool to study 

when the basic elements have been verified by an approach that does not 

change the energy supplied to the cycle. 

 

Chapter 3. EXPERIMENTAL RESEARCH 

3.1. Objective and experimental object 

3.1.1. Experimental objectives 

Evaluate the effect of ethanol ratio of gasoline to the economic, 

technical and pollution characteristics of the engine under the regular 
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operating conditions of the electronically controlled gasoline injection 

engine. Thereby determining the ratio of ethanol blended into gasoline in 

accordance with regular operating conditions without changing the 

engine structure, fuel system and control system. 

3.1.2. Experimental objects 

The thesis is conducted experimentally on the Daewoo A16DMS 

engine with fuels E0, E10, E15, E20, E30 and E40. 

3.2. Introducing the experimental system 

 
Figure 3.1: Arrangement of system equipment for testing  

Experimental system is equipped with modern equipment and high 

uniformity. The system includes 01 power dynamometer type electric 

motor (APA 204/08) and the accompanying equipment to measure the 

combustion chamber pressure, fuel consumption, exhaust components, ... 
3.3. Experimental mode 

Load is replaced by throttle angle: 10, 30, 50, 70%THA; Speed: 

1250, 1750, 2250, 2750, 3250, 3750, 4250 rpm. 

3.4. Experimental results 

3.4.1. Brake moment and power output 
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Figure 3.6: Graph of brake moments according to engine speed 

The brake moment of the engine when using gasoline-ethanol 

blended is improved compared to E0 when gradually increasing the 

engine speed and reducing the throttle angle opening. It can be said that, 

the engine performance when using E10, E15 and E20 is completely 

guaranteed compared to E0. In that general rule, there are the following 

considerations: 

- At the range of 10-70% throttle angle opening and engine speed 

from 1250 to 4250 rpm at the ratio of ethanol mixed with gasoline at the 

ratio of E10, E15 and E20, the brake moment of the engine to be 

equivalent to E0. Even at load levels for 30, 50 and 70% THA and in the 

speed range 2250-3250 rpm, the brake moment of engine when using 

E10, E15 and E20 is slightly higher than that of E0. 
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- When using the E30, the brake moment is significantly reduced 

compared to E0 at low speed (1250-2250 rpm) and high speed (3750-

4250 rpm) but at medium speed (2250-3250 rpm), the reduction is 

negligible below 3%. 

- When using E40 the brake moment is almost completely 

disadvantaged compared to E0 with a reduction of up to >10%. 

 
Figure 3.7: Diagram of the ratio of ethanol to the optimal power 

The basis diagram of the ratio of ethanol to the optimal power 

output can confirm that, in order to ensure the engine's technical 

characteristic, only gasoline-ethanol blended should be used with the ratio 

E25: Fuel whether E25 will help the motor to generate torque and the 

maximum power output at 50% of the hypertension at 3250 rpm; Fuel 

from E10 and E15 is suitable for most engine operation mode with speed 

from 1750 rpm or more; Fuel E0 and E5 are suitable for operation mode 

with the speed below 1750 rpm. 
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3.4.2. Specific fuel consumption and brake thermal efficiency 

The specific fuel consumption significantly increases when using 

gasoline-ethanol compared to gasoline, especially at low load and high 

load (10% and 70%THA). The main reason is specific fuel consumption 

when gasoline-ethanol engines are largely due to the increased supply of 

fuel to compensate for the reduced heat due to the presence of ethanol. 

Compared to the specific fuel consumption, brake thermal efficiency is 

improved when the engine using gasoline-ethanol and tends to be better 

than E0 except for low-load cases (10%THA), low speed (1250rpm) and 

has a high rate of ethanol (E40). 

 

 
 Figure 3.8: Graph specific fuel consumption 
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terms of fuel consumption, it is recommended to use only ethanol-ethanol 

with E10-E15 ratio, but in terms of energy consumption, it is possible to 

use gasoline-ethanol with rate up to E20-E30. 

 

 

 
Figure 3.10: Effective global energy efficiency of the engine in proportion to 

ethanol with throttle opening angles 

The gasoline-ethanol mixture has a smaller calorific value than 

gasoline, so the global energy efficiency of the engine should be 

considered in order to evaluate the economy more accurately. The global 

energy efficiency (e) shows the percentage of heat energy contained in 

the fuel successfully converted, higher global energy efficiency will 

reduce fuel consumption in 1 hour, so the more economical. The results 

showed that, compared to the useful fuel consumption, the global energy 
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efficiency is improved when the engine uses a gasoline-ethanol mixture 

and tends to be better than E0 gasoline except for cases where the engine 

is operated at low load (10% THA), or low speed (1250rpm) or high 

ethanol ratio (E40). 

3.4.3. Pollution emission  

 

 

 
Figure 3.11: Evolution CO emissions at the rate of ethanol  

The engine using gasohol, pollution will reduce CO, HC emissions, 

but will increase NOx emissions. The emission levels of CO, HC tend to 

decrease when the ethanol ratio increases and less depends on the 

operating conditions of the engine. While NOx tends to increase with the 
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ethanol ratio and depends on the engine load and engine speed. In order 

to harmonize emissions, it is not advisable to use the E30 - E40 blended 

because of NOx emissions are significantly increased, while CO 

emissions are not significantly reduced, and the HC increases again 

compared to the use of E20 blended. 

Chapter 4. SIMULATION RESEARCH 

4.1. Objective, object and scope of simulation 

This study investigates evaporation of sprays and mixture 

formation as injection of pre-blended ethanol–gasoline and injection as 

separate ethanol/gasoline through different configurations of injection 

systems. In the case of PI, two-side intake port (two symmetrical inlet 

manifolds) or one-side intake port can be used, while in the case of 

combined PI and DI, one-side intake port is selected. 

Figure 4.1: Geometrical model of 
one-side intake port  

Figure 4.2: Geometrical model of 
two-side intake port  

4.2. Building models 

4.2.1. Establish initial fluid composition 

The fluid composition includes air, flue gas and fuel vapor. 

Depending on the timing at which the fluid composition is calculated 

according to piston dynamics, valves and spray rules. 

4.2.2. Establishing fuel injection process 

The spray is modeled as a discrete phase and the TAB spray decay 

model with the injection time established from the crankshaft angle and 
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engine speed. 

4.2.3. Establish combustion model 

Spark is located at the center of the cylinder-head. Ignition radius 

is 2mm, ignition time is 0.001s and ignition energy is 0.1j. The speed of 

the turbulent flame is calculated by Zimont model.    

4.3. Establish simulation conditions and compare simulations with 

experiments 

Simulated conditions including intake air temperature, the 

temperature of the cylinder, intake air pressure, injection velocity, flow 

injection, ... shall be established from the experimental parameters. 

4.3.1. Determine the wall temperature 

The experimental system presented in chapter 3 allows 

determining the cooling water flow, as well as the cooling water 

temperature before entering the cylinder and leaving the cylinder. 

4.3.2. Compare the combustion process between simulation and 

experiment 

Pressure changes are almost similar between simulations and 

experiments during compression and expansion. The main difference 

occurs during combustion, the pressure increase rate (combustion rate) 

obtained from the simulation is higher than the experimental pressure. 

The maximum pressure value from the simulation is not 5% higher than 

the experiment. In contrast, after the pressure reaches maximum, during 

the fire phase, the pressure drop rate from the simulation is higher than 

the experiment, this is because the simulation model almost does not 

consider falling, while the experimental pressure decreases more slowly 

than the effect of falling fire. 

4.4. Analysis of simulation results 

Ethanol with different properties compared to gasoline changes the 
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evaporation of fuel injection. Therefore, it is necessary to specify the 

effects of ethanol and engine operating conditions on evaporation and 

mixture formation quality. 

Pure gasoline with low latent heat value but high saturation vapors 

pressure when compared with pure ethanol evaporates immediately after 

injection with average evaporation rate of ∼1.5 times higher than that of 

ethanol. The evaporation rate of pure gasoline then decreases gradually 

and practically tends to null towards the end of the compression process. 

Gasoline mostly evaporates during the injection period and reaches a 

stable value of concentration at crank angle of ∼210°CA. 

4.4.1. Comparison of evaporation of ethanol and gasoline sprays 

The evaporation rate of pure ethanol spray is quite different from 

that of the pure gasoline spray described above. The variation of the 

evaporation rate of ethanol with a crank angle presents two peaks: the first 

one occurs during the injection period and the second one appears at the 

end of the compression process. Contrarily to the pure gasoline case, the 

second peak of evaporation of pure ethanol is more important than the 

first one. Evaporation of pure gasoline occurred mostly during the intake 

process while evaporation of pure ethanol exhibited mainly during the 

compression process. At the above given operating conditions, 

evaporation of pure ethanol is incomplete at the time of ignition. The 

remaining ethanol droplets continue to evaporate during combustion 

process. The diffusion combustion of these droplets is the main cause of 

soot emission in exhaust gas of the engine. 

Ethanol has higher latent heats of vaporization than that of 

gasoline; therefore, enhanced charge cooling effects can be expected. 

Charge temperature in the case of pure ethanol is ∼60°C lower than that 

in the case of pure gasoline. 
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Figure 4.13: Compared volatile properties of ethanol with gasoline: Evaporation rate, 

intake air temperature and vapor concentration when PI ethanol (E100), gasoline (E0) 

separately (a);  and case of PI with blended E50 (b )(n = 4000rpm, Ti = 320K); 

Compared case of PI  with one-side port with DI: gasoline (E0) (c) and ethanol (E100) 

(d) (n = 2000rpm, Ti = 345K). 

As shown in the figures, at the same injection conditions, for both 

E0 and E100, the evaporation rate in the case of PI is significantly 

stronger than that of DI. Therefore, vapor concentrations for PI during the 

intake process are generally higher than that for DI. However, in the 

compression process, the gap of concentration is gradually reduced and 

at the time of ignition, the difference in vapor concentration is dropped 

down to ∼5%. 

Generally, a lower rate of evaporation for pure ethanol compared 
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with pure gasoline has been observed from the above results, particularly 

at low temperature. This affects strongly the mixture formation by means 

of injection of ethanol–gasoline fuels. 

Heterogeneous mixture results in incomplete combustion, which 

reduces the engine's thermal efficiency and increases the emission of CO, 

HC, and soot. For this reason, the injection, the evaporation of sprays, and 

the charge formation should be investigated under different operation 

conditions in order to organize the optimal combustion process. The main 

results will be reported in the following sections. 

 
Figure 4.14: Effect of the initial temperature of the mixture on the evaporation 

of ethanol (a) and gasoline (b) at engine speed of 2000 rpm 

The effect of initial temperature on ethanol evaporation is stronger 

than that of gasoline, at the end of the compression process the ethanol 

vapor concentration increases by about 20% when the initial temperature 

increases from 310 to 350K, the density of droplets in the combustion 

chamber plummeted when increasing the initial temperature. It should be 

noted that the latent heat of evaporation of ethanol is higher than that of 

gasoline, which can evaporate the gasoline-ethanol mixture more 
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difficult, resulting in a less homogeneous air-fuel mixture when spraying 

blended gasoline-ethanol. Therefore, the mixing ratio of ethanol as well 

as the initial temperature in the engine should be adjusted to keep them in 

a range so that the highest combustion efficiency can be achieved without 

the engine knocking. 

4.4.2. Comparison between gasoline-ethanol pre-blended injection and 

gasoline/ethanol dual injection through inlet ports  

Generally, it could be noted that fuel vapor concentrations increase 

linearly with a crank angle during the injection period. In the case of using 

single-inlet manifold, fuel droplets focused in a half side of cylinder 

resulting in a local reduction in charge temperature due to evaporation of 

the fuels. The evaporation rate decreases gradually during the injection 

period and then dropped down sharply as stop injection. During the 

injection period, the evaporation rate of dual injection is higher than that 

of pre-blended injection resulting in a higher fuel vapor concentration at 

the end of the intake process. Despite this, at the end of the compression 

process, fuel concentrations of pre-blended injection and dual injection 

reach approximately the same value. Furthermore, because greater 

amount of fuel evaporated during the intake process, charge mixture as 

dual injection is more homogeneous compared to conventional pre-

blended injection. 

In the case of injection through double-inlet manifolds, the fuel 

droplets quickly diffused in the whole cylinder space, leading to more 

homogeneous charge temperature. The average evaporation rate of dual 

injection and pre-blended injection is not quite different during the 

injection period. Therefore, variation of fuel concentrations is almost the 

same during the intake process, independently with an injection schema, 

but at the end of the compression process, fuel concentration is slightly 
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higher for dual injection compared to pre-blended injection. 

 

 
Figure 4.19: Comparison between dual gasoline/ethanol and gasoline-ethanol 

bleded injection: Evaporation rate and fuel vapor concentration E50 with 1-

side PI (a) and 2-side (b) (n = 2000rpm, Tair = 320K , i = 60oCA); 

Distribution of fuel droplets and air temperature with PI E50 blended on 1-side 

(c) and 2-side (d) at rotation crank angle of 54oCA (n = 4000rpm, Tair = 320K, 

i = 30oCA. 

It is noticeable from the above results that at the same operating 

conditions, the concentration of fuel vapor is ∼10% higher for PI using 

double-inlet manifolds compared to PI using single-inlet manifold. This 

can partly be attributed to the difference in heat transfer mechanism. In 

the case of PI using a 1 side intake port, the heat transfer from air to fuel 
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droplets occurs only in a half side of cylinder. The local drop of 

temperature slows down the evaporation rate. In the case of PI using 

double-inlet manifolds, fuel droplets diffused into a larger space of the 

cylinder which improved the heat transfer between air and droplets 

leading to an improvement of evaporation rate. 

4.4.3. Comparison between pre-blended DI and dual DI 

The nozzle head position has a negligible effect on the vapor 

concentration at the end of the compression process for GDI-EPI or EDI-

GPI cases, although higher evaporation rates are observed in the case of 

EDI-GPI in spray stage. In addition, the above results show that air 

corresponds to a more homogeneous EPI than EDI. This result is related 

be mixed quality degradation when spraying from PI to DI mode. The 

case of EDI is ineffective for homogeneity for mixture, but it can produce 

stratified air with a high ethanol concentration far from the spark plug. 

Therefore, effectively preventing the occurrence of knocking. The case of 

GDI is less efficient than EDI in reducing engine knocking. 

 

CONCLUSIONS 

The thesis has completed the objective of researching the 

performance of spark ignition engine using gasohol and propose technical 

solutions to convert the port gasoline injection into an engine using 

gasohol with a high proportion of ethanol and flexible changes according 

to operating conditions. The results received are: 

1. The rate of ethanol mixed with gasoline ensures the performance 

of economic, technical and pollution emission of Daewoo A16DMS 

engine when using gasohol are equivalent to ordinary gasoline. In the 

regular mode operating in the speed range of 1250 - 4250 rpm 

respectively at the load levels with throttle opening angle of 10, 30, 50 
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and 70% THA, the ethanol ratio is limited for each performance of 

Daewoo A16DMS engine are as follows:  

- Engines using gasohol with an ethanol ratio not exceeding E20 

for equivalent capacity or reduced to not more than 5% compared to 

gasoline. 

- Engines using gasohol with an ethanol content not exceeding E15 

have an equivalent brake fuel consumption rate or increase not more than 

5% compared to gasoline. 

- When using E20, the CO emission decreases by 90% and HC 

decreases by 50%, while the NOx increases to 60% compared to gasoline. 

2. The 3D-CFD model of Daewoo A16DMS engine simulated by 

Ansys-Fluent software meets the objectives of analyzing the fuel 

injection process, the carburetor characteristics and the combustion 

process in the gasoline engine. The model can be applied for both 

gasoline-ethanol mixture injection and gasoline / ethanol spraying 

separately. The simulation results from the model allow to evaluate the 

effectiveness of the gasoline / ethanol mixing method, the location and 

timing of ethanol injection through the law of evaporation, the fuel-air 

mixture characteristics and the combustion process in the engine. 

3. Synchronous solutions to improve the evaporation of ethanol in 

port gasoline injection engines operating with high ratio of ethanol in 

gasohol, create a mixture of air-fuel with ratio of ethanol fractionation in 

the combustion chamber contributing to anti-knock, increasing power and 

reducing NOx emissions: 

- In case of injection of gasoline-ethanol blend, applicable to 

gasoline one-side intake port injection engine: Simultaneously increase 

the amount of fuel injection and intake gas temperature corresponding to 

the rate of ethanol in gasohol to improve power and reduce NOx 
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emissions. 

- In case of dual injection of ethanol / gasoline, applicable to 

gasoline one-side port injection engine: Ethanol needs to be sprayed 

earlier than gasoline and flexibly change the rate of ethanol supply 

according to operating conditions. This facilitates complete evaporation 

for ethanol. 

- In case of dual injection of ethanol / gasoline, applicable to 

gasoline two-side port injection engines: Separate injection of ethanol on 

the side port symmetrically with the gasoline side port injection, flexibly 

change the rate of ethanol supplied under conditions operate. This helps 

to create an air-fuel mixture with a high proportion of ethanol about half 

in the cylinder. 

- In case of separate injection of ethanol / gasoline, applicable to 

gasoline direct injection engine: Gasoline injection on the intake port in 

combination with ethanol direct injection (GPI-EDI), flexible change of 

the ethanol ratio according to operating conditions. This helps ethanol 

evaporate well near the cylinder wall, creating a high ethanol 

concentration of air-fuel mixture near the cylinder wall at the end of the 

compression process. 

DEVELOPMENT ORIENTATIONS 

- Dual gasoline / ethanol injection system on the two-side of intake 

port, or combination of port gasoline injection and direct injection of 

ethanol into the combustion chamber to create a gasoline-ethanol-air 

mixture with high ethanol ratio region at a distance away from the ignition 

spark plug. 

- Organize combustion process for octane number stratified 

mixture preparation, improve compression ratio and engine efficiency 

according to HCCI and RCCI principles.
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