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INTRODUCTION 

Recently, because of the development of industry as well as the increasing number 

of transportations and divides equipped with internal combustion engine, the demand of 

using fuel tends to rise. Specially, the demand on fossil fuel and diesel is definitely high. 

On average, 87 million barrels of fuel are used every day. Most of them are consumed by 

transportation. 

Viet Nam, a developing country, is not an exception. The fact that fuel shortage and 

environmental polution caused by exhaust fumes are the vital problem. The alternative fuel 

which is clean (exhaust less harmful substances), renewable, cheap and easy to use in 

current engine. Liquefied petroleum gas (LPG) is not only qualified but also potential fuel. 

Using LPG on current Diesel engine will boost the productivity and decline the 

exhaust emissions. This is an important exhaust but hard to be treated of nowadays Diesel 

engine. LPG, however, is just partial combustible so that it could not completely replace 

Diesel. Therefore, the productivity of an engine depends on the characteristic and the ratio 

of the LPG – Diesel mixture from fuel supply control system. It also relies on the engine’s 

figures. Hence, studying on “Study on the effect of the fuel supply mode in dual fuel 

engine (LPG - Diesel)” can make use of LPG, reduce Diesel using amount and cut down 

the exhaust emissions. Besides, it brings scientific value and economic benefit to 

Vietnamese engine manufacturing industry where the LPG engine is not popular.  

I. Research goals  

- Finding out the way to change and control the fuel supply ratio for the dual fuel 

engine (LPG – Diesel) 

- Evaluating the possibility of LPG in current Diesel engine. In specific, the ratio 

between LPG – Diesel in the fuel mixture effects on economic benefit, technical function 

and exhaustion of the dual fuel engine (LPG - Diesel). Therefore, the reasonable decision 

is the ratio that can keep the engine’s technical functions eligible. 

II. Objects and research scope 

- The target of study is the TOYOTA 3C-TE Diesel engine which is equipped with 

fuel supply system using distributor pump and the electronic control unit VE-EDC. 

- Researching on making the fuel supply control system for the TOYOTA 3C-TE 

Diesel engine. 

- Authentic researching and evaluating technical functions of dual fuel (LPG – Diesel) 

engine with specialized machines and equipments (pressure test, fuel consumption, 

exhaust emissions ...) on the Engine laboratory at University of Technology – Da Nang 

University and Ho Chi Minh University of Technology and Education. 

III.  Research content 

- Researching on the fuel supplying method in LPG – Diesel dual fuel engine and the 

combusting mixture constructing fundamental. 

- Researching on features of the modulization and illustrating the combustion and 

exhaustion of the LPG – Diesel dual fuel engine. 

- Researching on the improving method and mode of control the ratio between LPG 

and Diesel in combusting mixture for changed Diesel engine.  

- Researching on effects of different ratios between LPG and Diesel on economic 

benefit, technical function and emissions.   

- Researching on features of engine when it uses the dual fuel (LPG – Diesel). 

IV. Method of research: 

Using the combination of studying theory, illustrating and experimenting with the 
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aim to: 

- Building up theory models describes the combustion, ignition and exhaustion of LPG 

– Diesel dual fuel engine. 

- Using the AVL BOOST illustrating software to calculate combusting features and 

exhausting amount of the LPG- Diesel dual fuel engine; Analyzing the simulation and 

orienting the experiment. 

- The experimental research will evaluate effects of different ratios of LPG to Diesel 

and other features on economic benefit, technical function and emissions of the 

experimental engine using LPG – Diesel dual fuel. Thus, evaluation and suggestion about 

the reasonable ratio between LPG and Diesel and other features could be decided.   

V.   Meaning of science and practice 

- Building up the appropriate theory for defining the project and method of controlling 

the LPG supply system in the changed Diesel engine. 

- Analyzing and illustrating the combustion, ignition and exhaustion of LPG – Diesel 

dual fuel engine. 

- Evalauate the impacts of different ratios of LPG to Diesel and others features on the 

economic benefit, technical function and emissions of the experimental engine using LPG 

– Diesel dual fuel. 

- Finding out the way to transform the current Diesel engines into LPG – Diesel dual 

fuel engines. 

- Contributing to reduce soot and NOx -the important but hard to be treated exhaust 

fumes; Reduce the pressure on traditional fuel; Orienting further researchs on alternative 

fuel for transportations using internal combustion engines. 

VI. Structure of thesis   

The dissertation consists of the introduction, 4 parts of main content and the conclution. 

 CHAPTER 1: AN OVERVIEW ABOUT THE STUDY 

Under the global pressure of environment protection, a clean, high-calory fuel like 

LPG is prioritized with the annual rate of growth up to 3.5%. LPG, however, directly 

compete with others gas like CNG, LNG, etc. Especially, some countries have their facility 

systems equipped with the synchronous fuel transfer hose. Thus, the price of these gas is 

faithly cheaper than LPG. Conversely, LPG is dominant in term of flexibility in store, 

transport and delivery. Moreover, the density of LPG in industry and transportation is 

raising rapidly. 

Statistics shows that there are about 13 million LPG cars in the world. 7 million of 

which is in 38 develeped area where living standard is high, and environmental pollution 

is carefully concerned. 

1.1 Current research on using LPG for internal combustion engine:  

Others researchers had carried out their research on LPG – Diesel on different kinds 

of engine, different conditions and different fuel ratios. Their evaluations and conclusion 

are followed: 

1.1.1  The results of inland researches:  

In Viet Nam, there were some researches on dual fuel engine (LPG – Diesel) of Bui 

Van Ga, Pham Minh Tuan, Le Anh Tuan, Pham Huu Tuyen, Mai Son Hai, Tran Thanh Hai 

Tung, Le Minh Xuan, Vu An, Nguyen Tuong vi … Them researches had concluded that 

poisonous exhaust gases drop down when using dual fuel (LPG – Diesel), especially reduce 

PM amount on some kinds of engines. However, there were no evidence about dual fuel 

engine (LPG – Diesel) on real car in them researches. 
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1.1.2  The results of international researches:  

The number of researches on dual fuel (LPG – Diesel) in the world are manifold. 

For example, BEROUN and MARTINS, Z.H. Zhang, C.S. Cheung, T.L. Chan và C.D. 

Yao, Bogdan Cornel BENEA and Adrian Ovidiu SOICA, Dong Jian, Gao Xiaohong, Li 

Gesheng và Zhang Xintang, Thomas Renald C. Ja and Somasundaram P, M. P. Poonia, 

… However, them researches focus on the engines of passenger cars, trucks and 

specialized transportations. Researches on transforming Diesel engines into dual fuel 

engines were carried out on trucks and passenger cars in large cities. 

1.2 Characteristics of liquefied petroleum gas:  

2.1.1 Physical and Chemical Properties of LPG  

2.1.2 Advantages of LPG over traditional fuels  

2.1.3 Production of LPG  

 Production and use of LPG in the world 

 Production and use of LPG in Viet Nam 

1.3 Chapter 1 conclutions:  

LPG could not be used in the traditional method. In particular, the pressure ignition 

can appear when using Diesel. Nonetheless, it would not happen when using LPG so that 

it cannot completely replace Diesel. Therefore, LPG is applied into current Diesel engine 

in form of dual fuel (LPG – Diesel). 

The number of Diesel engines are far higher than gasline engines thanks to its 

remarkable capacity. Nevertheless, Diesel engines exhaust a huge amount of soot. Hence, 

the research on using LPG on Diesel engine brings economic and practiced advantages.  

There are manifold researches on dual fuel (LPG – Diesel) on Diesel engines had 

been conducted. The researchers pointed out some following conclution:  

- The most reasonable way to supply dual fuel (LPG – Diesel) is injecting LPG gas 

into the intake manifold of the engine. It mixes with air to form a united mixture in the 

cylinder before Diesel is injected in. 

- With the ratio of LPG to Diesel is under 25%, the engine works regularly; no 

remarkable change is found in the chart of pressure during the combustion. With the higher 

ratio, the combustion speed and the maximum pressure in the cylinder are increase. 

Ignition tends to appear. 

- Soot and NOx in the exhaust emissions are significantly reduced when using LPG; 

the more LPG in the mixture the more the reduction. 

- HC and CO in the exhaust emissions are higher than Diesel engine; the more LPG 

in the mixture the more HC in the exhaust gases. 

- On the other hand, some researches gave different opinions about these following 

problems: 

- About the ignition: The ignition come out when LPG reach for a certain ratio. 

Whereas, the ratio at which the ignition starts are different from research to research 

ranging from 20% to 50%. Thus, it hard for user to define the proper ratio. 

- The influence of LPG upon late combustion time, major combustion time, burning 

speed at small load and medium load is different. Some researchers thought LPG increase 

the burning speed. It leads to the asminish of the maximum pressure. The others believed 

that LPG lessen the temperature of the solvent in the compression stroke and reduce the 

oxygen amount which leads to the rise in late combustion time, mean combustion time 

then make the maximum pressure go down. Therefore, the heating efficiency dimisnishes. 

This argument confuses the user and make decision on the effective LPG ratio and early 
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fuel injection angle difficult. 

- These researches were exerted by different authors on the same thing but gave 

different results. The reason is they had experimented on different engines and in different 

operating conditions. In conclusion, the impacts of alternative LPG ratio on engine 

functions such as the ignition, exhaustion, optimal early fuel injection angle… depend on 

kinds of engine, engine structure, fuel components, LPG supply methods and engine 

operating conditions. 

- Almost researchers were not concerned about the alternative LPG ratio should 

maintain the regular capacity and moment of the engine as when it uses Diesel. 

 Therefore, “Study on the effect of the fuel supply mode in dual fuel engine 

(LPG – Diesel)” will clarify the impacts of the LPG ratio on the dual fuel (LPG – Diesel) 

on economic benefit, technical function and emissions of the engine. It forms the basis 

for definding technical features that help Diesel engine successfully transform into dual 

uel engine (LPG – Diesel). There are some points should be taken into account:   

- Studying and controlling the dual fuel (LPG – Diesel) supply system in Diesel 

engine with the electronic fuel supply control system. Applying the result into the process 

of transforming current Diesel engine, which is equipped with electronic control unit. 

- The impacts of the alternative LPG ratio on economic benefit, technical function 

and emissions of the dual fuel engine (LPG – Diesel). 

- The maximum alternative LPG ratio that can qualify technical requirements of the 

engine. 

- The adjustable parameters such as early fuel injection angle when using dual fuel 

(LPG – Diesel) in different ratio and the method of LPG supply adjustment in accordance 

with the working mode of the engine. 

 CHAPTER 2: THE BASIS THEORY AND SIMULATION OF  

 DUAL FUEL ENGINE (LPG - DIESEL) 
 In this dissertation, the researcher builds up and develop Thermodynamic models and 

mathematical models of fire reaction kinetics to simulate the process of forming combustion 

mixture and combustion of the dual fuel engine (LPG – Diesel), on which the mixture of 

LPG and air will be formed before Diesel is injected into the cylinder of the TOYOTA 3C-

TE engine. The engine is equipped with the VE – ECD - Electronic Diesel Control. The 

purposes are: 

- Constructing and developing mathematical models to simulate the process of 

combustion mixture formation, combustion and emission on dual fuel engine (LPG – 

Diesel). 

- Evaluating the economic technical properties and the emission of the engine; 

definding the proper alternative LPG ratio and the optimal adjusting features for the 

engine. 

- Providing calculating database for experimental research on transforming current 

Diesel engine into dual fuel engine (LPG – Diesel). 

2.2 Combustion Diesel engines and Dual fuel engine (LPG – Diesel)  

2.2.1 Combustion Diesel engine  

2.2.2 Combustion dual fuel engine (LPG – Diesel)  

2.3 Hypotheses for studying on dual fuel engine (LPG – Diesel)  

2.4 Theoretical basis of computational simulation of combustion dual fuel engine 

(LPG – Diesel).  

2.4.1 The first Thermodynamics function  
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2.4.2 The solvent mixture’s model 

The solvent mixture in dual fuel engine (LPG – Diesel) is included fuel mixture 

components such as diesel, LPG (C3H8, C4H10), O2, N2, CO2, H2O, CO, H2. 

2.4.3 Heat transfer model  

The process of heat transfers from the combustion chamber through the combustion 

chamber cover and cylinder cap, piston, and cylinder liners are based on the following 

equation of heat transferation: 

 wi i w c wi
–Q = A .α . T T       

2.4.4 The model of combustion inside a cylinder 

Using the Vibe combustion model 2 areas, the reaction of Zeldovich chain to speed 

coefficient in calculating the NOx amount; using reactions of A. Onorati to calculate the 

CO amount; using Hiroyasu’s model to calculate the soot amount in the exhaust gases of 

Diesel engine and dual fuel engine (LPG – Diesel). 

2.4.5 Model of the hazadous emissions formation. 

The toxic products of the combustion Diesel engine and dual fuel engine (LPG – 

Diesel) includes: HC, NOX, SO2 and Soot. 

2.5 Simulation of Dual fuel engine (LPG - Diesel)s with AVL - BOOST  

2.5.1 AVL BOOST simulating software:  

The AVL-BOOST version 2013 allows user to define the economic criteria, technical 

properties and emissions of the engine with high reliability. AVL BOOST includes the 

following basic features: 

- Simulating 2-stroke engine, 4-stroke engine, turbo engine, non-turbo engine … 

- Simulating working modes, transition mode of the engine. 

- Calculating the design and optimizing the working process of the engine such as 

combustion, gas exchange process, the toxic emissions ... 

- Being able to connect with other software (dynamic link) to simulate the dynamic 

data (Matlab, Fire, Cruise ...) 

2.5.2 Applying AVL BOOST software in simulating caculations:  

In this thesis, the Vibe 2 regions combustion model was used in both of cases: Diesel 

fuel and dual fuel (LPG – Diesel). This is the model use two overlapping Vibe functions 

applying into the region of united combusting mixture, which is prepared in advanced. 

Next, it comes to the region of diffused combustion with the injection of Diesel. 

2.5.3 Build up the simulation models for Toyota Diesel 3C -TE 

2.5.3.1 The basic parameters of the Toyota Diesel 3C – TE engine 

The 3C-TE engines were chosen for simulation and experiment. 

2.5.3.2 Revision on the reliability of the simulation model 

The accuracy of the model was evaluated through the comparison between 

capacities, moments of the engine in experimental results from the Engine laboratory at 

Ho Chi Minh University of Technical and Education and the simulating results. Results 

of comparing the parameters of capacity, torque, fuel consumption rate of the engine 

Toyota 3C-TE is expressed as follows: 

(2.9) 
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Figure 2.10: The torque and engine capacity in experiment and simulation 

The simulation results showed discrepancies range of engine capacity was 3.88% at 

the largest rate of 1800 rpm and 1.26% at the minimum speed of 3800 rpm. This deviation 

is in the range that investigated research can accept. 

 

 
 

Figure 2.11: Fuel consumption at experimental engine 3C – TE and simulation engines 

using Diesel. 

Deviations between simulation results and experiment for the simulations allows 

up to 5%. For engine models 3C - TE, the capacity deviation value, torque and fuel 

consumption rate between simulation and experiment are smaller than allowable 

variation value. Therefore, the data and other boundary conditions for the model is 

entirely consistent. 
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2.5.4 Build up simulation models for Toyota 3C-TE engine with dual fuel (LPG – 

Diesel) 

 

Figure 2.12: Simulation model dual fuel engine (LPG – Diesel) on AVL-BOOST. 

Simulating the engine running dual fuel (LPG-Diesel) by supplying LPG to the 

intake manifold with the hypothesis is LPG has the ratio of Propan to Butan is 50/50 in 

a certain volume. Hence, the alternative LPG ratio will be ensured. 

The pressure in cylinder showing simulation and experimental results at 100% 

load, 20% LPG replacement, 2600 rpm (speed in the largest torque) when using LPG- 

Diesel dual fuel. The maximum escrepancies in pressure is 1.48 bar (1.98%) (the 

maximum pressure is 74.82 bar in experiment and 73.34 bar in simulation). The average 

pressure deviation between experiment and simulation is no more than 3.95 bar (nearly 

5%).   

2.6 Simulation results of dual fuel engine (LPG – Diesel)  

Conducting the simulation with AVL BOOST under conditions that suit theoretical 

input conditions for operation of dual fuel engine (LPG – Diesel). At the end of the 

simulation with LPG replacement rate respectively are 10%, 20%, 30%, 40%, 50%, 60% 

and 70% and the output results of the engine specifications are as follows 

2.6.1 Effects of alternative LPG ratio on the torque of dual fuel engine (LPG – 

Diesel)  

According to simulation results using LPG – Diesel dual fuel, the torque 

increases with the rate of change of LPG. In the mode that the alternative LPG is from 

10% to 70%, the engine torque increases from 1.68% to 7.20% in comparison with the 

value of torque when using diesel only. 

2.6.2 Effects of alternative LPG ratio on the capacity of dual fuel engine (LPG – 

Diesel)  

The simulation results show that, when using LPG dual fuel - Diesel the engine 

power is increased in proportion to alternative LPG ratio. When alternative LPG ratio 

between 10% and 70%, the average engine power increase from 1.68% to 7.20% 

compared to capacity values when using diesel engines completely. Measurement results 

are shown in Appendix 2.4. The rise of alternative LPG ratio makes the quanlity of heat 

of the fuel mixture of LPG - Diesel higher. Similarly, the features of kinetics, combustion 

air pressure and temperature ...in combustion when using dual fuel (LPG – Diesel) are 

higher. It contributes to increasing the capacity of the engine. 



 

8 
 

2.6.3 Effects of alternative LPG ratio on combusting temperature of dual fuel 

engine (LPG – Diesel)  

When using dual fuel (LPG – Diesel), the combustion temperature decreases. In the 

mode that LPG replaces 10%, The average combustion temperatures fell 0.19% compare 

to the combustion temperature when using Diesel only. Measurement results are shown 

in Annex 2.5. Because the supply of LPG mixed with diesel will reduce the flame 

temperature, the maintaining time of burned solvent and late combustion time will 

increase. 

2.6.4 Effects of alternative LPG ratio on combusting pressure of dual fuel engine 

(LPG – Diesel) 

Combustion pressure is one of the parameters to evaluate the work of the engine, it 

also is a factor affecting the power and torque of the engine. 

2.6.5 LPG – Diesel NOx emissions in combustion of dual fuel engine (LPG – Diesel)  

When using dual fuel (LPG – Diesel), the NOx levels is diminished. In the mode of 

LPG 10%, the average emissions of NOx decreased 10.86% and at the mode LPG 20%, 

NOx emissions decreased 4.57% compared to traditional diesel fuel. Measurement results 

are shown in Annex 2.6. 

When LPG is mixed with Diesel, the descent of NOx is the consequency of the 

descent of the flame temperature and the shorter maintaining time of the burned solvent. 

But when replacement rate increased from 30% LPG and 70% of NOx emissions 

levels will increase proportionally. In specific, in this mode the delay combusting time 

diminish. Thus, the combusting pressure and temperature surged. This phenomenon 

increases the chemical reaction of nitrogen and oxygen in the combustion mixture. 

2.6.6 Emissions of CO in combustion of dual fuel engine (LPG – Diesel)  

CO emissions’ results of using dual fuel (LPG – Diesel) in simulations show that 

when LPG is injected into the intake manifold, carbon dioxide emissions in all modes are 

increased with the alternative LPG ratio. The average value of CO increases in alternative 

LPG mode is 4:46% and 10%; with the alternative LPG ratio 70% is 22.98% compared to 

the CO value when using the original Diesel. CO content increases due to heterogeneous 

mixture of fuel and air is significanty poor, below the limit of combustion. Thus, it would 

not be burn or keep the fire from spreading in the combustion chamber. 

2.6.7 Soot emissions: 

Simulation results of soot emissions (Soot) in full load shows the ratio of LPG 

increased soot emissions are reduced compared to the cases of using 100% Diesel fuel at 

every test mode. When simulation LPG at the rate of 10%, 20%, 30%, 40%, 50%, the 

average emissions of soot fell respectively 9.86%, 32.53%, 34.23%, 50.84% and 56,27%. 

Due to the additional LPG, combustion better occurs. Hence, the emissions of soot are 

reduced. 

2.6.8 Effects of early fuel injection angle on pressure state inside the cylinder 

Based on changes in pressure in the cylinder when using dual fuel (LPG – Diesel), the 

early fuel injection angle should be reduced compared to those engines use 100% diesel 

fuel. At speeds 2600 rpm, 100% load, the early fuel injection angle should be 1400 CA 

(reduced 40CA than when running with diesel fuel only). 

2.7 Chapter 2 conclusions: 

From the simulatiing study using LPG - Diesel dual fuel on Toyota 3C – TE Diesel 

engine can summarily conclude as follows: 

- LPG is supplied by spraying in Diesel engines is very consistent and does not 

require any changing in engine structure. Morover, LPG properties meet the requirements 
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of the engine work. 

- The model provides LPG for 3C - TE engine has developed and applied the proper 

parameters and boundary conditions for the model. Therefore, entirely consistent values 

lead to misleading results about the capacity simulation, torque and fuel consumption rate 

between the experimental simulation with experimental values are smaller than the 

allowable variation. The simulator shows deviations between simulation results and 

experiment for the simulations up to 5%. 

- Results in using dual fuel (LPG – Diesel) in different replacement rate from 10% LPG 

- 70% indicates that the average amount of HC and CO emissions have increased. In some 

alternate modes with the replacement rate at LPG have reduced NOx emissions; soot 

decreases significantly. Specifically: At 100% load mode, when replacing 10% of LPG, the 

biggest NOx emission reduction 10.86%, 32.53% soot reduction, but CO increased 4:46% 

and HC increased over 200%. 

- When you increase the LPG rose sharply, emissions of HC are also increased; 

especially in the small load mode, so in the small load mode should use lower alternative 

LPG rate. At full load, the alternative LPG can be used up to 40%. When the alternative 

LPG ratio is higher, the HC, NOx amount in emission components and speed can increase. 

So do the gas pressure. 

- Dual fuel engine (LPG – Diesel) need to reduce early fuel injection angle smaller 

than Diesel engines to achieve the economic targets, technical functions and better 

emissions. Specifically: At the speed of 2600 rpm, 100% load, the reasonable early fuel 

injection angle is 140CA.  

 CHAPTER 3: RESEARCH ON DESIGNING AND MANUFACTURING 

THE DUAL FUEL SUPPLY CONTROL SYSTEM (LPG – DIESEL) 
Experimental studies using dual fuel (LPG – Diesel) is made diesel 3C - TE equipped 

with pump fuel distributor type electronically controlled VE - EDC (Electronic Diesel 

Control). ECU control system allows changing the parameters of the engine to adjust easily 

and help to establish the working conditions and retrieve data in a convenient, reliable and 

accurate. The empirical research on this engine brings high practical significance, can 

replicate the results in order to apply practical operation immediately. 

3.1 The electronic control unit for Diesel on 3C – TE engine. 

3.1.1 Injection Volume Control. 

 Outline of Injection Volume Control.  
In the electronic controller (ECU) available data on the basic flow injection was 

calculated based on factors such as engine speed, engine load, acceleration. 

 

Figure 3.2: Diagram of the injection control system. 
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 Controlling the Injection Volume.  

 Actuating the Solenoid Spill Valves 

The solenoid spill valve is directly linked to fuel injection volume control, so the 

responsiveness of the valve strongly influences the injection volume. If the coil resistance 

is lowered to secure the operating current, the responsiveness is faster. The solenoid spill 

valve is closed during fuel suction/injection, but the actuating signal is actually a rapidly 

repeating ON/OFF signal. 

 

 

Figure 3.4: The controlling signal of the Solenoid Spill Valve. 

 Calculation of the Injection Volume. 

3.1.2 Injection Timing Control.  
 Outline of Injection Timing Control.  

The engine ECU judges the engine conditions and driving status of the vehicle based 

on the information received from the sensors. This is used to calculate the optimum fuel 

injection timing for the engine. The ECU then sends a signal to the timing control valve 

(TCV) of the injection pump. 

 

Figure 3.5: Diagram of the injection timing control system. 

 Timing Control Valve (TCV) 

 

Figure 3.6: The structure of Timing Contrl Valve (TCV). 
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 Injection Timing Control Method.  

 Basic Control Method for Injection Timing 

The engine ECU Specifys the "Target Injection Timing" by using the signals received 

from the various sensors to correct the "Basic Target Injection Timing". This is calculated 

from the engine speed and accelerator position. The "Actual Injection Timing" is also 

calculated, based on the crankshaft angle standard position signal (TDC signal). In order 

to make the "Actual Injection Timing" match the "Target Injection Timing", the duty ratio 

of the timing control valve is calculated. Feedback control is performed to make the 

injection timing the same as the target value. 

3.1.3 Diagram of LPG fuel supply principles for experimental engine. 

3.1.4  Supply dual fuel (Diesel – LPG) control system  

 

Figure 3.11: Diagram of the principles to control LPG fuel injection supply system for 

Diesel engines 

The LPG fuel supply controller is required with suitable injector pulse width 

adjustment to ensure the amount of LPG is conformable to engine’s working regulations, 

which means ensure the proportion of LPG optimal replacement at working regulations. 

3.1.5 Basis of quantity calculation of LPG fuel supply. 

One feature of dual fuel engines is using two kinds of fuel at the same time. The 

amount of diesel base fuel is decided by the open/close period of Spill Valve on the high 

pressure pump. The LPG’s replaced quantity is decided by the LPG injector’s lifted period.  

 Calculate the thermal engine cycle with the proportion of Diesel energy and 

liquefied gas (LPG) 

Distinguish Diesel’s components and LPG gas in 1kg mixture 

Gnl = GnlD + GnlLPG                                          [kg/h]                          (3.8) 

- The percentage amount of diesel in 1kg mixture is: 

%100*
G

G
D

ln

nlD
hh                                     (3.9) 

- The percentage amount of LPG in 1kg mixture is: 

%100*
G

G
LPG

nl

LPG
hh                                    (3.10) 

-  Heating capacity of the mixture (%Diesel + % LPG) is: 

QH = QHD * Dhh + QHLPG * LPGhh                [kJ/kg]                            (3.11) 

  Mass of the intake air  
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 Quantity of LPG  
LPG fuel consist of 50% Propane (C3H8) and 50% Butane (C4H10); therefore, the 

component’s volume of Carbon and Hydro is: 0,823C and 0,177H, there is no oxygen in 

the fuel so Onl = 0. 

The amount of injected fuel LPGm  is directly proportional to the inject time and 

square-root of the pressure difference between the fuel distribution and the intake pipe, if 

it is injected over the intake pipe. 

0

. 2 .

injt

LPG LPG inj LPG eff inj

LPG

p
m m dt A t




                              (3.22) 

 Calculate the amount of Diesel fuel 

 With diesel engine, choose   =1,3. By that, the amount of diesel fuel is calculated 

according to the formula below: 

1 2
2 a

diesel diesel eff

diesel

mp
m A

n CYL


 


                            (3.27) 

3.2  Designed and manufactured the LPG supply controller for experimental 3C- 

TE engine. 

 

 

Figure 3.15: LPG supply system controlling circuit. 

The LPG supply system controller for dual fuel (LPG – Diesel) engine is programmed 

with LabVIEW language, connected and controlled by computer via USB 2.0 port.  

After having perfected LPG supply control circuit, in order to set as a controlling 

system, it must be connected to the Diesel fuel system controller and the power circuit 

controlling LPG system. 

3.3 Chapter 3 Conclusions: 

- To have researched, and understood the control principle of electronical Diesel fuel 

injection engine VE - EDC. Base on its control principle to design and manufacture the 

control system to deprive the amount of supplied Diesel fuel when the engine uses dual 

fuel, while fully adjust the early-spray angle of the engine, in order to Specify the best 

early-spray angle when the dual fuel engine (LPG - Diesel). 

- Successfully researched and manufactured the supply rate controller (LPG - Diesel) 

operated with reliability, connected with computer in collecting data and control of the dual 

fuel supply system (LPG - Diesel). This is the important basis for the implementation of 

in-depth study on the use of dual fuel (LPG – Diesel) for research motive. 
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- Successfully apply the use of electronical controllled LPG injectors in converting 

engine to dual fuel (LPG – Diesel), concurrently using stable features of the sensor, the 

LPG injectors parameters and power control circuit of the injectors, and BRC Sequent 24 

software to collect every parameters of the system during experiments to evaluate the dual 

fuel engine (LPG - Diesel). 

- In order to apply the LPG fuel on Diesel engine effectively, to ensure existed issues 

set out in the previous study are improved, it is essential that the research, design, 

fabrication and installation of the LPG fuel supply system are suitable for the engine. 

- In this chapter, the author has designed and manufactured the LPG supply controller 

for experimental 3C- TE engine that is able to adjust the supplied amount of LPG to meet 

requirements of the engine’s working regulations, ensure that the engine works stably at 

every regulation. 

 CHAPTER 4: EXPERIMENT AND EVALUATION 

4.1 Purpose, subject and experimental equipment. 

4.1.1 Purpose and experiment subject  

 Purpose of experiments 

The process of testing on diesel engines with electronic fuel control system using dual 

fuel (LPG – Diesel) on the dynamometer is for the following purposes: 

- Develop outer characteristics of the engine using diesel fuel 

- Assess the operation of the system controls dual fuel (LPG – Diesel) system when 

combining electronic Diesel fuel control systems and the LPG proportion supply system. 

- Assess the economic features, technical characteristics and emissions process of the 

engine when using Dual fuel (LPG - Diesel)with the highest replaced LPG rate. 

- Assess the impact of image parameters on the operating mode of the dual fuel (LPG 

- Diesel) engine. 

- Check and evaluate components of the engine emissions when using Diesel 

completely and when using dual fuel (LPG - Diesel). 

- It also evaluates a number of features that imitated researchs can not shown such as 

initiation limit and vibration when increasing the proportion of replaced LPG. 

 Experiment subject  

 Subject for experiment is TOYOTA 3C-TE diesel engine with electronic controlled 

dual fuel (LPG – Diesel) supply system. The basic parameters of the engines are shown in 

Table 3.1. 

4.1.2 Experiment conditions 

 Requirements for Equipments 

 Equipments tools 

- AVL Dynoperform testing capacity strips 

- Fuel consumption measuring  

- Smoke opacity measuring  

- MGT 5 gas analysing  
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Figure 4.2: Diagram of laboratory equipment layout at HCMCUTE 

 Requirements for fuel 

During the experiment, the fuel quality has a great influence to the results. In order 

to ensure the accuracy of the experiment, the used fuel must be inspecting and evaluate its 

chemical components. 

4.2 Experiment procedure 

4.2.1 The technical characteristics of Diesel 3C – TE engine experiment. 

In order to have the basis to compare with the dual fuel (LPG - Diesel) engine, first 

we need to build the characteristic of the experimental engine which is second-handed 

TOYOTA 3C - TE engine. Therefore, in order to be able to compare and correctly assess 

the technical characteristics of the engine when using LPG dual fuel - diesel fuel and when 

using diesel, we need to specify the current characteristics of the engine. The process of 

determining the diesel engine characteristics shall comply with the following procedure 

  Identifying characteristics torque (Me) and power (Ne)  

 Identify fuel consumption rate (Ge). 
4.2.2 The dual fuel (LPG – Diesel) supply control system experiment. 

 Specify the amount of provided Diesel fuel for 3C – TE engine 

 Specify the LPG injector characteristic 

 The process of controlling to reduce fuel Diesel and process of controlling LPG 

injectors that provide alternative fuel to the engine experiment 

Using LabVIEW programming software to control the replacement rate of two kinds 

of fuel LPG and Diesel when the engine is running. Simultaneously, with the measuring 

device to collect the pulsed-form data of PicoScope will show the period when the 

controller reduces the amount of injected Diesel fuel as Figure 4.10 
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Figure 4.10: Time controller decreases Diesel fuel by interrupting early operation time 

of SPV valve 

 (a) Pulse signal controls the SPV input valve; (b) Pulse signal controls the SPV output 

valve when the controller reduces Diesel fuel 

Simultaneously, with the reduction of diesel fuel provided for the engine, to guarantee 

the energy balance of the combusting process, the control system must calculate the 

correlative alternative LPG flow via the LPG injector-lifting period to ensure the moment 

characteristics and engine power. Therefore, signals of the alternative LPG fuel injector 

controller is expressed through measuring devices collecting the pulsed-form data of 

PicoScope as Figure 4.11: 

The width of the pulse signal (number 4) controls the LPG injectors will vary 

according to the pulse signal (number 3) output of the ratio (LPG - Diesel) controller. 

Changing the time controlling LPG injectors to increase or decrease the amount of LPG 

supplied to the engine when using dual fuel (LPG - Diesel). 

 

 

      Figure 4.11:  Pulse signal controls SPV valve when running on 100% Diesel 

1. 1. TDC sensor signal; 2. Engine speed sensor signal; 3. The ratio (LPG - Diesel) 

controller output signal; 4. LPG injectors control signal 

 Specifys the time controlling LPG injectors to supply according to the rates of 

replacing LPG fuel for Diesel fuel experiment 

4.2.3 The features and parameters affecting the dual fuel engine (LPG - Diesel) 

experiment 

a 

b 

1

 

2

 

3
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 The Moment characteristics and power of the dual fuel engine (LPG - Diesel) 

experiment 

 The effects of oil early-spray angle for dual fuel engine (LPG - Diesel) experiment 

4.2.4 Emissions (HC, CO, NOx and smoke opacity) of dual fuel engine (LPG - 

Diesel) experiment 

4.3 Experiment results and discussion  

4.3.1 Technical features of Diesel engine 3C – TE experiment. 

The data of experiment using AVL-Concerto software to calculate the features from 

AVL - InDICOM systems, conducted output measurement results is shown in Table 4.2: 

 
Figure 4.13: Graphs of Power and Moment characteristics when the engine uses Diesel 

With the experiment results we see in Figure 4.13 above, the maximum moment of 

the engine is 202.50 (Nm) at the rate of 2600 rpm, and the maximum power is 71.35 kW 

at 4200 rpm; if the engine speed is over 4200 rpm, moment and power capacity is greatly 

decreased due to the reduction of fuel provided to engine by the controller. 

Moment and power of the experimented engine is less than 10% and 7.6 compared to 

the manufacturer's parameters, since the 3C - TE engine is second-handed, so the engine 

system is no longer works as great as a new engine. From the comparison results, it showed 

that the use of 3C-TE engines in experimental studies is appropriate. 

Result of the engine's fuel consumption in 1s is shown as follows: 

According to the result, the portion of fuel consumption when 3C- TE engine uses 

100% Diesel fuel is highest at the speed of 1000 (rpm) and is lowest at the speed of 3000 

(rev / min), corresponding to the power capacity of 61.69 kW and Moment of 196.46 (Nm). 
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Figure 4.14: The portion of fuel consumption when engine uses Diesel fuel 

Results show that the power and moment characteristics of the experimented engine 

reaches 92.4% and 90% compared to the published parameters of the manufacturer 

according to table 4.4, the portion of fuel consumption is lowest when the engine works at 

3000 (rev / min). If the engine speed is over 4200 (rev / min), moment and power capacity 

is greatly reduced, fuel consumption portion increases due to the speed regulator. Thus, the 

value of moment, power capacity and fuel consumption portion of the current Diesel engine 

is the basis for evaluating the characteristics of the engine converting to dual fuel (LPG - 

Diesel) at different fuel ratio. 

4.3.2 Evaluate the operation of the dual fuel engine (LPG – Diesel) supply control 

system. 

From the results of Appendix 3.6 shows that changing the LPG - Diesel supply rate 

has some certain rules. The proportion of alternative LPG - Diesel fuel with the period of 

reducing Diesel, and increasing LPG injection is presented in Table 4.1 with corrected 

timeline as follows 

Table 4.5: The relationship between the replacement rate to reduce the amount of time 

and increase the amount of spray injection Diesel LPG 

Rate 

(%) 

Reduce Diesel injection time 

(ms) 

Increase LPG injection time 

(ms) 

10 0.5 2.2 

20 1.3 3.0 

30 1.5 3.5 

40 2.4 4.2 

To ensure the technical characteristics of the engine is not changed when reptỷ lacing 

different proportions of LPG - Diesel, we compare the pressure of combusting process 

occured inside the combustion chamber through the engine combustion chamber pressure 

sensors, with the results in Figure 4.15 shows the maximum combustion pressure is highest 

and the percentage of alternative fuels (30% LPG - 70% Diesel) is 81.22 bar at 4,860 

BTDC. However, at 100 BDTC above, the combustion pressure of the fuel (LPG - Diesel) 

rate without much difference (up to 1.3 bar) than the combustion pressure when using 

Diesel fuel is 76 742 bar. From the above results, this proves that providing alternative 

LPG fuel rate to Diesel engine when the engine is operating in dual-fuel mode consistent 

with the theoretical basis studied in Chapter 2. 
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Figure 4.15: Combustion pressure comparison in (LPG - Diesel) rates at the speed of 

2600 rpm 

Moreover, the more the change of alternative fuel (LPG - Diesel) rate increases, the 

closer the time for reaching the maximum combustion pressure to the top dead center, it 

shows thatwhen using dual fuel (LPG - diesel) combustion process is faster because the 

time lag is lower than when using Diesel fuel. 

  Assessment on the maximum rate of alternative LPG in dual fuel engine (3C – 

TE) 

Based on the data collected form the combustion pressure chamber sensors, we can 

monitor and Specify the increase in pressure to initiate limit when the LPG supply rate 

raises. 

 

Figure 4.16: Process of cylinders’ pressure at 2600 rpm with different LPG ratios 

With the LPG alternative rate is 10%, 20%, 30%, 40% in succession, the combustion 

pressure in the cylinder increases gradually. But when increase rate of alternative LPG to 

44%, the amplitude pressure of combustion process will raise higher than the alternative 

modes above, simultaneously, also will occur initiation happened to the engine. When the 

ratio of LPG is increased about 43%, peak pressure appears higher about 10 bar, the process 

of initiation becomes powerful. Thus, the maximum limit for alternative LPG fuel rate in 

the thesis is 40%, at the mode which ensures the engine moment to be highest (100% load 

mode).   
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Concurrently, monitoring the initiate process of the engine when operating with dual 

fuel (LPG - Diesel). The control system also uses initiate sensor signals to know the exact 

time when the initiation process occurs to control the alternative LPG supply limit for dual 

fuel engine according to signal (No. 3) Figure 4.17. 

 
Figure 4.17: The engine pulse initiation signal occurs when the time controller opens 

LPG injectors is > 4.2 ms 

4.3.3 Assessing the impact of characteristics and parameters of to the dual fuel 

engine (LPG - Diesel). 

 Impact on moment and power capacity of dual fuel (LPG – Diesel) engine 

In result, obtained data (see Appendix 3.7 and 3.8) during operation test run of the 

engine with AVL capacity dynamometer and software AVL - InDICOM at 10 %, 20%, 

30%, 40% alternative LPG rate in turns. Specialized AVL Concerto software applications 

begins to analyse database and give experiment result on characteristics of moment and 

power capacity of the dual fuel (LPG -Diesel) engine as shown in Graph 4.18 below: 

 
Figure 4:18: Graph comparing outer characteristic (Power & Moment) of the dual fuel 

(LPG - Diesel) engine according to the alternative rates 

Experiment shows that the dual fuel (LPG-Diesel) engine reached 98.5% of 

maximum moment and 85% of maximum power. Power capacity and average moment at 

different rates decreased, but not significantly, at the alternative LPG rate over 40%, 

initiating phenomenon begins to occur. Therefore, the maximum amount of testing 
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alternative LPG fuels for dual fuel (LPG - Diesel) 3C-TE engine is 40% LPG - 60% Diesel, 

and this is the largest alternative rate for 3C-TE engine at highest moment mode. 

 Impact of early-spray angle on moment and power capacity 

 
Figure 4:19: Graph of the engine power and moment characteristics when changing the 

early-spray angle 

Test results displayed on the graph 4.19 shows that when the early-spray angle, 

engine power and moment are changed a little in both increases and decreases, the changes 

are always less than 1.5%. Capacity and moment does not change much because the dual-

fuel (LPG - Diesel) energy provided for the engine is the same, compared to the energy 

generated by Diesel fuel. 

4.3.4 Assess the impact on emissions (HC, CO, NOx and soot) of the dual fuel 

(LPG - Diesel) engine  

 Soot emission 
The smoke opacity (soot) measurement results performed at alternative LPG mode 

10%, 20%, 30%, 40% is presented in Appendix 3.9. Smoke opacity reduced at all time 

when alternative LPG rates increases and smoke opacity decreases 77.61% after replacing 

alternative LPG rate to 40% as shown in Figure 4.20 

 

Figure 4.20: Graphs of smoke opacity K (m-1) when experimenting with alternative LPG 

rate 

The smoke opacity reduced because when LPG is injected into the intake manifold, 

LPG - Air composite is completely mixed, so the combustion operates more smoothly. At 

the same time, the proportion of Carbon versus Hydro in LPG is lower than in Diesel, i.e. 

the volume of Carbon in LPG fuel is lower than in Diesel, thereby reduce the possibility of 

soot formation, which leads to smoke opacity of the dual fuel Diesel - LPG engine is lower 

than Diesel engine. 
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 CO emission  

 

 

Figure 4.21: Graph of carbon dioxide emissions at different LPG rates and speeds 

The result of CO emissions when using diesel engines completely and when using 

dual fuel LPG - Diesel measured in Appendix 3.10. Graphs 4.21 shows that when injecting 

LPG into the intake manifold, the carbon dioxide emissions increases in all experimental 

mode. The increasing average value of CO is largest at the alternative LPG rate of 40% is 

over 2.2 times the value of CO when using completely Diesel. 

When the alternative LPG rate is small, at low-speed, the light air mixture is outside 

combustion limits so the dim combustion process releases more CO. However, if we 

increase the amount of LPG until the mixture can combust, the combustion will operate 

better, so the carbon monoxide tends to decrease especially at high speeds. 

 HC emission  

The result of HC exhaustion in engines experimenting when using fully Diesel and 

when using Dual fuel (LPG - Diesel) measured at appendix 3.11., graph 4.22 shows that: 

when injecting LPG into Diesel engine’s intake manifold, HC exhaustion increases in all 

proportion; with replacing rate of 40%, approximate HC concentration increases for nearly 

4.6 times to HC value when using normal Diesel. 

 

Figure 4.22: HC exhaustion in test modes with LPG replacing rate 

HC component increases due to the lack of homogeneous mixture of fuel and air, 

which is lower than burning limit so cannot be fully consumed or the fire membrane cannot 

reach to on time in the combustion chamber space. 
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  NOx emissions  

Graph 4.23 shows that: when using LPG - Diesel dual fuel, the NOx content 

decreases. In 40% LPG replacing mode, NOx approximate exhaustion decreases at max of 

6,7% compare to NOx value when using fully Diesel. Measured results shows at appendix 

3.12. 

 
Figure 4.23: NOx exhaustion in test modes with LPG replacing rates 

NOx decreases because LPG being mixed with Diesel will decrease the temperature 

of the flaming fire; burned solvent maintaining time at high temperature when contact with 

the fire is shorten, reduces NOx constitution at high temperature mode process. 

 Effects of early fuel injection angle to the emissions of engine  

 

Figure 4.24: HC, CO, NOx exhaustions and smoke opacities when changing early fuel 

injection timing 

According to Graphs 4.24 and 4.25, when reduce early fuel injection angle of dual 

fuel engine (LPG – Diesel) compared to optimal early fuel injection angle of 17o, HC 

exhausting component decreases for 8,47% and NOx for 0,34% at 140, CO exhausting 

component remains nearly unchanged. However, smoke opacity component decrease for 

4,1% at injecting angle of 14o but increase for 2,08% at 12o compared to engine runs at 

early fuel injection angle of 17o. 

When increasing early fuel injection angle of Dual fuel (LPG - Diesel) engine 

compared to optimal early fuel injection angle of 170, all of engine emissions components 

increase. HC ascends and reaches 4,2%, NOx increases 1,8% ((độ tăng)) 12,5% at early 

fuel injection angle of 220, CO component remains unchanged. The earlier fuel injection 

angle increased, HC, NOx as well as smoke opacity increases, this prevents continuing 
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increasing early fuel injection angle. 

Thus, according to assessed experimental results above, it is visible that acceptable 

early fuel injection angle is 140 with largest torque. With this parameter of this early fuel 

injection angle, it is possible to reduce almost harmful components in emissions of engine. 

4.4 Chapter 4 conclusions:  

The empirical researching process of Diesel 3C-TE engine changes to using dual 

fuel (LPG – Diesel) with electrical LPG fuel supply control system, can draw some 

conclusions: 

- Successfully invented and applied dual fuel (LPG – Diesel) supply control system for 

3C - TE engine with high reliability, helping engine remains stable while working with 

dual fuel engine (LPG – Diesel) system. 

- Successfully studied and chose the suitable LPG supplying rate on engine, when 

operates with replacing rate of 40% LPG max torque of engine increases for 1.5% 

compared to operates with 100% Diesel at speed of 2600 rpm and max capacity decreases 

9.03% at 4200 rpm.   

- Successfully judged affections of LPG fuel when engine operates at dual fuel (LPG 

– Diesel) mode to the emissions of engine, as follows:   

+ Smoke opacity decreases when LPG replacing rate increases and smoke opacity 

decreases for 77.61% when changing LPG replacing rate for 40%. 

+ Using dual fuel, emissions of CO increases for 2.2 times, HC increases for nearly 

5 times compared to using Diesel due to the lack of homogeneous mixture of fuel 

and air, which is lower than burning limit so cannot be fully consumed or the fire 

membrane cannot reach to on time in the combustion chamber space (because 

engine use spiral combustion chamber). 

- When engine uses dual fuel (LPG – Diesel), suitable early injecting angel is 140 

compared to 170 at original engine. This early injecting angel can decrease almost harmful 

components in emissions of engine. 

 

 CONCLUSIONS AND DEVELOPMENT PROPOSALS 

 Conclusions: 

The thesis is completed and belows are the drawn conclusions: 

1. The dual fuel engine (LPG – Diesel) is one of the researchs on alternative fuel in 

which scientists are interested. Many advanced countries in the world have invested their 

finance, and effort for this research. In Vietnam, more and more researchers have been 

studied the LPG application for internal combustion engines, but without expertise. These 

results only stopped at the stage for LPG fuel engine, and had no interest in optimizing the 

fuel supply system, combusting process, mixture formation as well as evaluation of 

contaminants imbue. 

2. This thesis has generally studied the combusting process, analysed and selected 

LPG supply options. Specifyd that the use of dual-fuel LPG - Diesel on current Diesel 

engines is very feasible. The LPG supply method by spraying onto the engine’s intake pipe 
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is suitable the most and highly practical, this does not require much change in engines 

structure. 

3. The thesis has researched and manufactured successfully the coordinated 

electronic controller that controls Diesel engine (VE – EDC), and electronic LPG supply 

controllers fits the thesis’ purpose, and is able to apply into practice. It also offers some 

possible solutions in the study of converting Diesel engine into dual fuel engine (LPG - 

Diesel) that fits the current conditions in Vietnam. 

4. Results of experiment with 3C - TE engine shows: dual fuel engine (LPG – Diesel) 

reached 98.5% of maximum moment and 85% of maximum power, moment and average 

power of the engine decreased but not significantly, compared to when using diesel fuel 

completely. The highest LPG replacement ratio reached 40% at full-load, exceeds which 

may worsen the economic and technical features of the engine, or knock and vibration. 

5. When engines use the dual fuel (LPG - Diesel), the opacity of smoke indicator 

decreased in all modes, the CO and HC emissions numbers all increased, the reduced 

amount of NOx is 6.7%, the translucent smoke reduced over 77%, at alternative modes 

40% compared to engines use diesel fuel completely. 

6. Have assessed the effects of oil early-spray angle to the technical characteristics, 

as well as emissions of the engine when running on dual fuel and the early-spray pattern 

suitable for this engine is 140. 

 Development proposals:  

Based on the researched results, the thesis proposes some development as follows: 

1. Assess the impact of dual fuel LPG _ Diesel to the details durability and the engine 

longevity. 

2. Apply studied plans to reduce the opacity of smoke and resolve demands for 

alternative energy for Diesel engines in cars in big cities of Vietnam to reduce air pollution 

caused by Diesel gas. 

3. Use oxidized form exhaust filter to tackle with the increase in CO and HC of the 

using dual fuel engine (LPG – Diesel). 

4. Continue research to improve the engine map in integrated control engine using 

dual fuel (LPG - Diesel), then proceed to develop dual fuel (LPG - Diesel) controller for 

the Diesel engines used nowadays in the Vietnam market. 

5. More research is required to optimize the combining ratio of LPG in the dual fuel 

engine (LPG – Diesel) 

6. Implement testing widely and deeply on common transports and evaluate 

economic, technical and emissions indicators of the engine when operating with dual fuel 

(LPG - Diesel) in realistic conditions. 
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