
MINISTRY OF EDUCATION AND TRAINING 

DA NANG UNIVERSITY 

 

 

 

 

 

 

HUYNH PHUOC SON 

 

 

 

A STUDY ON THE CONTROLLING METHOD 

OF DUAL FUEL (CNG - DIESEL) SUPPLY ON 

COMMON RAIL DIESEL ENGINE 
 

 

 

SUMMARY OF DOCTORAL THESIS 
 

 

 

 

 

 

 

 

 

Da Nang - 2018



The Thesis has completed at 

DA NANG UNIVERSITY 

 

 

 

Advisors 1:  Assoc. Prof. Dr. Tran Thanh Hai Tung  

Advisors 2:  Assoc. Prof. Dr. Do Van Dung   

 

 

 

 

Reviewer 1:  

 

Reviewer 2:  

 

 

 

 

The dissertation is Doctorate thesis defended by council of 

Mechanical Dynamics Engineering  

  Meeting at the Da Nang University of on ... month ... in 2018 

 

 

 

 

 

 

Can find the doctoral thesis at: 

- Information and Documentation Center, Da Nang University. 

- National Library of Vietnam. 



1 
 

PREAMBLE 

1. Motivation  
Energy and the environment are the top concerns of many 

countries around the world. With the development of the world 

today, the demand for energy, especially for traditional fuels and 

diesel in the industry, transportation vehicles, static engine, 
equipment The driving force is increasing. In addressing the energy 

and environmental problem, most of today's research is focused on 

improving the engine and finding new sources of energy to replace 
some or all of the traditional fuels. It aims to improve engine 

efficiency, save fuel, reduce pressure on current fuel and reduce 

environmental pollution. In particular, the direction of research using 
compressed natural gas (Compressed Natural Gas -CNG) as the fuel 

for thermal engine is one of the solutions are very interested in today. 

With that in mind, the topic of "A study on the controlling method 

of dual fuel (CNG - Diesel) supply on common rail diesel engine" 
has been implemented in order to contribute to research on improving 

the efficiency of using CNG. on the heat engine. Selected topics to 

study the application of information technology and electronic 
engineering achievements in research and control of the supply of 

CNG-diesel dual fuel mixture for high-compression diesel engine, 

rate control CNG / diesel is designed to preserve engine power and 
reduce emissions of pollutants, thereby contributing to solving fuel 

pressures and diversifying energy sources for vehicles and vehicles. 

static energy, contributing to ensuring national energy safety, 

environmental protection is the urgent need today. Thus, the topic is 
practical and scientific. 

2. Objectives of the study  

- Provided CNG-diesel dual fuel injection solution with high 
compression ratio, control of diesel injection through CRDI system 

and CNG injection on the intake for stable engine operation, ensuring 

the features technical and emission reductions, contributing to 

improving the efficiency of CNG utilization and mastering the 
technology of converting diesel engine to dual fuel. 

- Estimate the economic, technical and emission characteristics of 

the engine at various fueling regimes, and map the CNG-diesel 
engine supply (map engine) to the engine according to the criteria. 
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Ensuring the economic, technical and emission characteristics of the 

engine is the best. 

3. Subjects and scope of research 

Subject of the study: 

Subject of the study was a VIKYNO RV125 diesel engine with a 

cylinder, kept compression ratio constant of 18:1, which was fitted 
with a CNG-diesel dual fuel delivery system. Experimental research 

has conducted at the Internal Combustion Laboratory of the Ho Chi 

Minh City University of Technology.  

Research scope:  

 Build version and designing the CNG-diesel dual fuel supply 

system, controlling the diesel injection through CRDI system and 
CNG injection on the intake. Study the effects of dual fuel delivery 

modes on engine economics and emission characteristics. The effects 

of fuel on the durability and longevity of the engine have not 

investigated.  

4. Research content 

- Research and simulation of combustion characteristics, technical 

characteristics of diesel engine using CNG-diesel dual fuel. 
- Research, design and manufacture of diesel-fueled CNG-diesel 

dual fuel supply system. 

- Experimental assessment of CNG-diesel dual fuel effects on 
engine economic, technical and emission characteristics. 

- Study on engine map of CNG-diesel, which provides CNG/ 

Diesel ratios for engine according to engine load and speed of engine. 

5. Research methodology 
 The thesis uses theoretical and modeling methods combined 

with empirical research to assess the relevance and scientific of 

research results. 
6. Topic of thesis 

“A study on the controlling method of dual fuel (CNG-diesel) supply 

on common rail diesel engine” 

7. The meaning of science and practical 

This research contributes to the research, application, 

improvement and development of clean fuel engine, solving the 
current energy crisis and environmental pollution. Contribute to 

research, master the technology of converting a large source of 
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existing diesel engine, both in cars and static to CNG clean energy to 

save costs, and improve economic efficiency and competition of the 
products. 

8. Thesis Structure 

Apart from the introduction and conclusions, the contents of the 

dissertation have divided into 4 chapters with the main contents as 
follows: Chapter 1: Overview study; Chapter 2: Theoretical 

Foundations; Chapter 3: Design and manufacture of CNG-diesel dual 

fuel supply system and experimental; Chapter 4: Experimental results 
and discussion  

9. New contributions to the science of the thesis 

1. Research, design and manufacture of electronic CNG-diesel 
dual fuel injection control system on diesel engine VIKYNO RV125 

cylinder suitable for practical conditions in Vietnam. In particular, 

diesel fuel has supplied by CRDI system, CNG fuel has designed to 

inject on the intake manifold and the 02 fuel system have controlled 
synchronously by the ECU system, ensuring the engine is working 

well. It aims to preserve engine power and reduce emissions. 

 2. Suggested maximum CNG in the dual fuel mixture.  
 3. CNG/diesel ratio diagrams can develope according to engine 

loads and engine speeds as the basis for engine control program. 
 

Chapter 1: INTRODUCTION 

1.1. Background using of fossil fuels and environmental pollution 
Resolution No. 41-NQ/TW (15/11/2004) of the Politburo on 

environmental protection during the period of accelerated 

industrialization and modernization of the country has indicated the 

use of CNG, LPG clean fuels is a matter of concern in the 
development of transport system in the coming time.  

1.2. CNG-source of clean fuel, environmental friendliness 

1.2.1 Natural gas compressed CNG 
Natural Gas is a mixture of combustible gases consisting mainly 

of hydrocarbons. Depending on the source of the natural gas, 

methane (CH4) may account for 70-90%, about 8-10% ethane (C2H6), 

and other components such as propane (C3H8) , butane (C4H10), 
pentane (C5H12) and other anlkan [5].  
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1.2.2. Reserves and situation of natural gas exploitation 

1.2.3. The situation of using CNG as fuel for internal combustion 

engine, automobile and development trend 

The research and evaluation of CNG engine in recent years has 

focused on the following main directions: Research on methods of 

converting gasoline and diesel engine into CNG fuels using partially 
or completely; optimizing the methods of controlling the supply of 

CNG fuel. Simulation and experimental study of combustion 

organization organization of CNG fuel engine; Comparison, 
evaluation of technical characteristics and emission levels of CNG 

engine with traditional fuel engine. 

1.3. Studies convert gasoline and diesel engine into CNG fuel  
There are three main research and application directions have 

been implemented, including: 

 - Convert gasoline and diesel engine to CNG gas, combustion 

mixture by spark plugs; 
 - Convert gasoline engine to dual fuel CNG-gasoline, combustion 

mixture by spark plug; 

 - Convert diesel engine to dual-fuel CNG-diesel, in which diesel 
acts as an injector fuel for the combustion of CNG gas.  

1.3.1. Study on the conversion of gasoline and diesel engines to 

complete use of CNG fuel 

 
Figure 1.8: CNG fuel supply system on gasoline and diesel engine 
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1.3.2. Study on conversion of gasoline engine to dual fuel CNG 

gasoline 

 
Figure 1.9: Gasoline-CNG Dual Fuel Supply System 

1.3.3. Study on the conversion of diesel engine to CNG-diesel dual 

fuel 

 
Figure 1.10: Convertible diesel engine using CNG-diesel dual fuel 

1.4. Methods of supplying CNG and diesel on dual fuel engine 

There are many ways to supply and fixed-bed mixture CNG on 

the engine. According to Rosli Abu Bakar (2012), Zastavniouk 
(1997) [25] have four basic methods of supplying CNG into engine 

cylinders: use a blender for mixture, use a single nozzle, multi-point 

injection nozzle and nozzle directly into the combustion chamber. 

1.4.1. Supply CNG with a blender 

This method of mixing is simple, suitable for gas fuel. However, 

when using the mixer, due to the loss of air intake in the throat and 

the CNG occupancy, the charging factor is reduced, resulting in 
reduced engine power (about 5-8)%, and the Continuous CNG 

provision limits the ability to control CNG / air ratio. 

1.4.2. Supply CNG with nozzle on intake manifold 
 Today, the use of CNG fuel injectors is more applicable to 

alternatives. There are two methods of spraying on the intake 

manifold or direct injection into the combustion chamber. 

1.4.3. Supply CNG with nozzles directly to the combustion chamber 
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1.4.3.1. CNG supplied by an additional combustion pre-chamber 

1.4.3.2. Provide CNG with nozzles directly into the combustion 
chamber 

1.4.3.3. CNG supplied by double-junction cogeneration CNG-diesel 

1.4.3.4. Diesel injection method in CNG-diesel dual fuel engine 

1.4.4. CNG-diesel delivery rate control methods 
General comment: Options for supplying CNG fuel to the the 

manifold, which is currently in widespread use because of its simple, 

easy-to-use system structure. Replacing the mixer with a CNG nozzle 
limits the reduction of the charging factor, contributing to improved 

thermal efficiency and engine power. Direct injection of CNG into 

the combustion chamber is also a study of interest, however, the 
complex structure, cost increases are not commonly applied. 

1.5. Studies on engine characteristics using CNG fuel  

 Some other studies focus on the effect of diesel fuel injection 

primer. According to Slawomir Wierzbicki et al. [66], the basic 
parameters of diesel injection, such as the amount of fuel to be inject, 

the time of injection and the injection pressure have a major effect on 

the combustion of a dual fuel engine used diesel - CNG.  

  
Figure 1.19: CNG/Diesel ratio in dual fuel engines. 

 In terms of dual-fuel engines, the research team Nguyen Duc 
Khanh and Tran Dang Quoc also evaluated the performance and 

emissions of diesel engines using CNG / diesel fuel [13]. The study 

was conducted on 4-cylinder diesel engines used on trucks. CNG is 

supplied in addition to the intake of the engine before entering the 
cylinder at different rates.  

1.6. Conclusions and research orientation of the topic  

The dissertation focuses on the method of controlling the supply 
of dual fuel CNG-diesel on electronic diesel to improve the quality of 

fuel supply and control the operation of dual fuel engine: 
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 Design and manufacture of Common Rail Diesel Injector 

(CRDI) system to supply diesel fuel instead of mechanical supply 
system, using CNG injection nozzle instead of supply with 

conventional mixer. 

 Design, manufacture and programming ECUs for synchronized 

control of two fuel systems, controlling the CNG / diesel ratio 
provided to the engine. 

 Develop a CNG / diesel engine map showing the range and 

percentage of CNG and diesel fuel needed to supply the engine in 
dual fuel mode by rotational speed and engine load according to the 

target. Ensuring the engine has a stable working area and achieving 

torque, the emission level is the best. 
The experiment has carried out on small-sized VIKYNO RV125 

diesel engines, manufactured by SVEAM Vietnam, which has widely 

used in the country and exported. Therefore, the study contributes to 

mastering the technology of converting existing diesel engines to 
clean fuels, and also contributes to improving the fuel system and 

improving the competitiveness of domestic products. 

Chapter 2: LITTERATURE REVIEW 
The simulation and simulation based on the VIKYNO RV125 

diesel engine model 01 cylinder, Switch to CNG-diesel dual fuel, 

where diesel generates combustion energy that burns CNG mixtures, 
convert to CNG-diesel dual fuel, where diesel generates combustion 

energy that burns CNG mixtures. Alternative fuel supply options: 

Diesel supplied by CRDI, CNG is provided on the intake manifold by 

means of a nozzle.   

2.1. Theory of dual fuel engine control 

2.1.1. Internal combustion engine control system 

2.1.2. Control theory of internal combustion engine 
2.1.2.1. Motor torque control 

 
Figure 2.3: Automatic control system diagram 

2.1.2.2. Smoke emissions control 
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2.1.2.3. Knock control 

2.1.3. Dual fuel engine control system 

2.2. Modeling of CNG-diesel dual fuel combustion in VIKYNO 

RV125 engine with CFD FLUENT software 

2.2.1. Combined combustion of CNG-diesel dual fuel 

2.2.2. Flame propagation during the combustion process of CNG-

diesel engines 

 
Figure 2.12: Division of combustion zones in CNG-diesel engines. 

Conclusion: The combustion of the dual fuel is a pre-blended 

partially combustion process based on the combination of a pre-

mixed diffusion pre-combustion of diesel and a premixed combustion 
of the CNG-air mixture. Research on the formation of mixture and 

combustion of diesel fuel in a homogeneous mixture of CNG fuel 

with air is the basis for building a simulated combustion model for 
dual fuel engines.  

Table 2.2: Specification of VIKYNO RV125 engine 
No. specifications symbol value Unit 

1 Cylinder diameter D 94 mm 

2 Piston stroke S 90 mm 

3 Length of connecting rod l 145 mm 

4 Cylinder displacement Vh 624 cm3 

5 Compression ratio   18:1  

6 Maximum power (@ 2.400 rpm) Ne max 12,5  HP 

7 Maximum torque (@ 1.800 rpm) Me max 4  kgf.m/1 

8 peak revs n 2.560 rpm 

9 Revolution rate n 2.200 rpm 

10 injection primer Energy EDO 143 J 

11 Advance injection angle  s 20    

12 Mixture components  f 0,054  
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2.2.3. Set up a model to compute the combustion process 

 
Figure 2.15: Mesh and boundary conditions for the model 

2.2.4. Exploration of combustion process 

 
Figure 2.17: Rotation field at position 330o of working fluid in engine 

combustion chamber VIKYNO RV125 in mode (n=2.200 rpm; s=20; = 1). 

 
Figure 2.20: Variable temperature during combustion of CNG-diesel dual fuel 

engine of VIKYNO RV125 (n=2.200 rpm; s=20; = 1). 

2.2.5. Evaluate the effect of these parameters on the combustion 

process of CNG-diesel dual fuel engines 

Effect on advance injection timing 

 The effect of the early ignition angle, ie the early injection time of 
the diesel to the pressure was simulated with the mixture component 

f = 0,054 with  = 1, engine speed n = 2.000 rpm, with advance 
injection timing: 10

0
, 20

0
, 30

0
, 40

0
 are as shown in Figures 2.12, 2.13. 
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Figure 2.23: Indicate Pressure during combustion with s : 10, 20, 30, 40 deg, n 

= 2.000 rpm; = 1. 

 Conclusion: The combustion of the VIKYNO RV125 diesel 

engine is simulated using the FLUENT software, using a standard k-ε 

model, Partially Premixed combustion model, Diesel injection 
supply. The simulation results on CH4 and O2 concentration 

variations in combustion, temperature and atmospheric pressure in 

the combustion chamber show the suitability of the dual fuel system 
for combustion. 

2.3. Simulation of the technical characteristics of the VIKYNO 

RV125 engine using CNG-diesel dual fuel with AVL-BOOST 

software 
 In this thesis, the author uses the fire model as a two-zone Vibe 

model for both diesel fuel and CNG-diesel dual fuel. This is a two-

overlapping Vibe model for two blended combustion zones, the pre-
mixed homogeneous combustion zone and the diffusion burnout of 

the later diesel fuel. The parameters of the Vibe model are parameters 

related to start of combustion, the time of combustion, the amount of 
fuel involved in the combustion process and the amount of fuel that 

has evaporated and mixed with the air before combustion.  

2.3.1. The first thermodynamic equation  

2.3.2. Two zone Vibe models in the cylinder 

2.3.3. Modeling of the VIKYNO RV125 engine 

 The fire model is a two-zone Vibe model for both diesel and CNG 

diesel. This is a two-overlapping Vibe model for two blended 
combustion zones, the pre-mixed homogeneous combustion zone and 

the diffusion burnout of the later diesel fuel. 
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Table 2.3: Main specifications of simulation model 
No. specifications symbol value 

1 Cylinder diameter 94 mm 

2 Piston stroke 90 mm 

3 Length of connecting rod 145 mm 

4 Number of cylinders 1  

5 Compression ratio 18  

6 Number of holes on the diesel nozzle 6  

7 Diesel nozzle diameter 0,14 mm 

8 Advance injection 22,5 deg 

9 Diameter of intake valve 42 mm 

10 Diameter of exhaust valve 36 mm 

11 IVO (intake valve open) 340 deg 

12 IVC (intake valve close) 310 deg 

13 EVO (exhaust valve open) 130 deg 

14 EVC (exhaust valve close) 310 deg 

15 Combustion model AVL MCC Model  

16 Heat transfers model Woschni 1978  

 
Figure 2.27: VIKYNO RV125 engine simulation model 

2.3.4. Results of simulation of CNG-diesel dual fuel engine 
2.3.4.1. Results of simulation of external characteristics of CNG-

diesel dual fuel engine 

When changing the CNG/Diesel ratio from DO100 to CNG70-

DO30, the results of the motor torque characteristic simulation are 
obtained as shown in Table 2.5. Graph describing the torque 

characteristics of a dual fuel engine using Figure 2.20.  
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Figure 2.28: Graph showing the engine torque characteristics when changing 

the CNG/Diesel ratio 

Similarly, the resulting motor power is shown in Table 2.6 and 

Figure 2.21. As the CNG ratio increases, the engine power increases. 
At the CNG70 rate, the number of revolutions n = 2400 (rpm), the 

maximum power is about 4.45% higher than the case of DO100.  

 
Figure 2.29: Graph showing the engine power when changing the CNG/Diesel 

ratio 

2.3.5. SOOT emissions 

2.3.5.1. NOx emissions 

 
Figure 2.32: NOx emissions chart according to the CNG/diesel ratio as simulated. 
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2.3.5.2.  CO emissions 

2.3.5.3. SOOT emissions 

2.4.  Conclusion chapter 2 

 The behaviour of oxygen and CH4 concentrations at the end of the 

combustion process shows that the rate of mixed consumption is 

expressed by the rate of reduction of O2 and CH4 during combustion. 
This shows that CNG is capable of good combustion with the sparks 

produced by diesel fuel.  

 - The high heat speed in the combustion chamber makes the 
maximum temperature increase in combustion chamber combustion 

chamber results in the maximum temperature of the medium in the 

combustion chamber. Thus, the pressure on the expansion path of the 
motor is high, so the instruction of the cycle is calculated on the area 

of the graph will be large.  

In this thesis, the author also used AVL-BOOST simulation 

software to simulate the technical characteristics of the CNG-diesel 
dual fuel engine. The results are as follows: 

- When the engine is switched over to CNG-diesel with a CNG 

percentage change of 30-70%: Engine torque when using CNG-diesel 
dual fuel at low speed range from 1200÷1600 (rpm) is lower than 

when using pure diesel fuel and higher when the rotation reaches 

from 1600÷2400 (rpm). CNG/diesel increases torque. At CNG70 
compared to DO100, the maximum torque is 1.3% higher (at rpm 

1800), engine power is about 4.45% higher (at rpm 2400). 

- Simulation results also show that the energy consumption and 

emissions of CNG diesel diesel engines are significantly improved 
compared to pure diesel.  

With the results of the survey of major technical parameters of 

CNG-diesel dual fuel combustion and economic and technical 
characteristics, the emission levels derived from simulation results 

showed that the feasibility The use of CNG-diesel dual fuel with high 

compression ratio. This is the scientific basis and orientation for the 

design and manufacture of CNG-diesel dual fuel delivery control 
system in the experimental model. 

Chương 3: DESIGN AND MANUFACTURE OF CNG-DIESEL 

SYSTEM AND EXPERIMENT SETUP  
Design and manufacture of CNG-diesel dual fuel delivery system 
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on diesel engine, controlling the CNG / diesel fuel ratio for the 

engine, satisfying the criteria set by the engine to work well. It has 
designed for load and rotational engine regimes, preserving technical 

and economic features, and reducing emissions to the best of the 

original diesel engines. Based on that, it can recommend mapping the 

CNG-diesel ratio according to the engine capacity criterion and 
reducing the emission level at the best conditions. 

3.1. Alternative design of CNG-diesel dual fuel for delivery 

system 

 
Figure 3.3: CNG-diesel dual fuel of delivery control system diagram 

3.2. Design of CNG-diesel dual fuel for delivery control system 

3.2.1. Design of CRDI Fuel Supply System 

 
Figure 3.6: HP3 high pressure pump and installation location 

3.2.2. Design of CNG fuel supply system 

3.2.3. Design of dual fuel supply control system 

 
Figure 3.13: Overview of the dual fuel supply control system 

3.2.3.1. CNG fuel pressure control 

3.2.3.2. Control of diesel fuel pressure 

3.2.3.3. Control timing and timing of diessel and CNG fuel injection 
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3.2.3.4. Controlling the rate of CNG / diesel fuel supplied 

3.2.3.5. Anti-knock control 

3.3. Programming controls the fuel supply system 

3.3.1. Algorithm for supplying diesel fuel 

3.3.2. Algorithm for supplying CNG fuel 

3.4. Design and manufacture of ECU control systems for fuel 

supply 

 
Figure 3.25: Electric circuits for diesel and CNG injection 

3.5. Experimental model 

 
Figure 3.26: Experimental engine model VIKYNO RV125 using CNG-diesel dual 

fuel 

3.5.1. Purpose and experimental content 

Experimental purpose 

The VIKYNO RV125 engine uses CNG-diesel dual fuel for the 
following purposes:- Determination of external characteristics of the 

experimental engine when converting diesel fuel to CNG-diesel dual 

fuel;- Evaluating the economic, technical and emission characteristics 
of experimental engines using CNG-diesel dual fuel;- Evaluating the 

effect of CNG/Diesel ratios on engine specifications and emission 

from CNG-diesel dual fuel engines; - CNG/Diesel engine CNG-
diesel mapping based on the criteria for engine power conservation 

and emission reduction. 

Experimental content: 
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 - Determination of diesel and CNG injection characteristics as the 

basis for calculating the amount of dual fuel supplied to the 
experimental engine; - Measurement of engine fire pressure; 

Measuring torque, engine power; Determination of diesel and CNG 

energy consumption; - easurement of emission components; Build a 

CNG-diesel fuel supply duality map.    

3.5.2. Experimental diagram 

3.5.3. Experimental process 

3.6. Conclusion Chapter 3 
- Successful application of modern control techniques to the fuel 

supply control system for dual fuel engines. The use of the CRDI 

system to supply diesel and CNG injection on the intake manifold 
takes advantage of the advantages of fuel injection control, enhances 

the mixing quality of the mixture and the combustion of the dual fuel. 

- ECU is programmed by strong programming; It is designed, 

manufactured and used with modern equipment to ensure the 
reliability, speed and speed of processing to meet the requirements of 

the dual fuel supply system. 

 - Experimental work is carried out in accordance with precise 
testing procedures, modern measuring equipment, so the 

experimental results are accurate and reliable. 

Chapter 4: EXPERIMENTAL RESULTS AND DISCUSSION 

4.1. Experimental determination of diesel and CNG injection 

characteristics 

  
Figure 4.1: Diesel Injector characteristic 

graph on experimental model 
Figure 4.2: CNG nozzle characteristics 

graph on experimental model 

4.2. Experimental assessment of torque and capacity 

characteristics  

 Results of the torque characteristics and engine power graphs at 

100% diesel and 60% CNG, as shown in Figure 4.3, show that when 
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the engine is running at low revs From 1200 ÷ 1400v/ph, the torque 

of the engine using CNG-diesel double fuel is lower than when using 
complete diesel fuel. At 1200v / ph revolutions, torque and power are 

reduced by about 8.9 (%). As the number of revolutions increases 

from 1600÷2400v/ph, torque and capacity when using CNG-diesel 

dual fuel is higher than when using pure diesel. At 1800v/ph, 
maximum torque is higher than 1.32 (%), with a maximum rotational 

speed of 2400 v / ph higher than 3.74 (%). 

 
Figure 4.3: Torque and engine power characteristic’s chart of VIKYNO RV125 

 
Figure 4.4: Comparison of the results of engine power between experiment and 

simulation at CNG60 and DO100 

Figure 4.4 shows the comparison of the engine power between 
experiment and simulation. Accordingly, the difference between the 

experimental power and the simulated maximum at the DO100 and 

CNG60 rates is -2.68 and -5.16 (%) respectively. The deviation value 

shows that the experimental results and simulations are accurate and 
reliable. 

 4.3. Experimental studies investigated the effect of CNG/DO 
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ratios on the torque and engine power  

  
Figure 4.5: Engine external  characteristic chart for CNG/Diesel 

4.4. Experiment evaluates emission characteristics of engines 

 
Figure 4.8: CO concentration of the RV125 engine in cycle with the ISO 8178 C1 

cycle 

4.5. Experimental study on the effect of CNG / Diesel ratio on 

engine emission characteristics 

 
Figure 4.11: Opacity of the engine when changing the CNG / diesel ratio 

The CO, HC and smoke emission decreased significantly as CNG 

levels increased. 

4.6. Experimentally determine energy consumption 
Table 4.6: Fuel Consumption and Diesel Power Consumption when 

the engine is operating in 100% diesel condition 
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Engine speed (rpm) Ne (kW) geDO100 (g/kW.h) eeDO100 (kJ/kW.h) 

1200 4.36 248.4 10715.48 

1400 5.28 237.6 10249.59 

1600 6.21 270 11647.26 

1800 7.14 298.8 12889.63 

2000 7.85 313.2 13510.82 

2200 8.40 342 14753.2 

2400 8.74 396 17082.65 

Based on the results of the measurement of the fuel content of 

mDO and mCNG diesel components when engine is operating at CNG 

ratios, the fuel consumption of geDO and geCNG components (g/kW.h) 
is calculated. From there, determine the energy consumption of the 

eeDO component, eeCNG and total energy consumption ee sum (ee Tổng  = 

eeDO + eeCNG) (kJ/kW.h).  

 
Figure 4.15: Diesel and CNG energy consumption of the engine 

  Operates in dual fuel condition 

 
Figure 4.16: Comparison of energy consumption when the engine uses 100% 

diesel and when using CNG-diesel dual fuel 



20 
 
4.7. Experimental measurement of fire pressure of the engine  

 
Figure 4.17: Engine fire pressure at 100% load, rev2.200 rpm 

when changing the CNG-diesel ratio. 

4.8. Develop a engine map (CNG/diesel fuel ratio) 
 The engine map of CNG/diesel fuel ratio shows the relationship 

between the amount of diesel fuel and the CNG required for the 

engine to operate in dual fuel mode according to the number of 
revolutions and engine loads. This CNG/diesel mixture ratio is 

determined by the criteria to ensure the engine is stable, the torque 

and engine power is highest and the emission level is the lowest. 

 
Figure 4.19: Diesel fuel injection timing diagram for rotational speed and engine 

load when the engine uses dual fuel in one cycle 
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Figure 4.22: CNG fuel supply diagrams are provided in terms of revolutions and 

engine loads when the engine uses dual fuel in one cycle 

4.9. Conclusion Chapter 4 

From the results of the experiment and the analysis above, the 

following conclusions can draw: 
- When using CNG / diesel dual fuel, the range of torque is lower 

(1.200 ÷ 1.400 (rpm)) and engine power is lower than that of pure 

diesel, but in the number of turns Rotating from 1,600 ÷ 2,400 (rpm) 
will be higher. As the CNG / diesel ratio increases, torque and engine 

power increase. At the CNG60 rate, the 100% loading mode, the 

maximum torque (at 1,800 rpm), is higher than when using pure 

diesel at 1.32 (%), (at revolutions 2,400 (rpm)) is higher than 3,74 
(%). The power difference between the experimental and the largest 

simulations at the DO100 and CNG60 rates was 2.68 and 5.1 (%) 

respectively, showing that the experimental and simulation results are 
accurate and reliable, high reliability. 

- The engine emission result according to the ISO 8178 C1 

emission test cycle, which is the international standard test cycle used 
for static motors according to the EPA TIER2 emission standard, 

shows that when using fuel dual CNG-diesel, the emission level of 

the engine significantly reduced. At the two main points 

corresponding to the number of revolutions in the power mode and 
maximum torque, the 100% load mode: CO (%) reduced to 74.5%; 

HC (ppm) decreased to 56.1%; Smoke emission reduced to 51.1%. 

Emissions significantly decreased as CNG rates increased.  
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- The power consumption of the engine when switched to using 

less fuel when running completely diesel. In the CNG60 fuel ratio 
mode, 100% of the load, engine power consumption decreases from 

1.6% to 3.6% compared to diesel-fueled engines, confirming fuel 

economy. of the engine when switching to dual fuel.  

- Evolution and fire pressure values for dual fuel engines at 
different CNG ratios are in line with the variable pressure law in the 

combustion chamber. This shows that under different conditions, the 

spark energy generated by the diesel is strong enough and necessary 
to burn the CNG mixture. Under all working conditions, maximum 

fire pressure increases as the CNG rate increases. At a rpm of 1800 

rpm, the CNG increased to 60%, the maximum pressure increased by 
14.5% compared to the 100% diesel engine (86,2×10

5
 Pa /74,5×10

5
 

Pa). This is a great advantage when using CNG on a high 

compression ratio engine. It should note, however, that this is also a 

factor that can lead to the detonation of the engine.  
- Experimental work has also to build the engine map of 

CNG/diesel ratio, shows the relationship between the amount of 

CNG and the diesel fuel needed to supply the engine when operating 
in dual fuel mode by rotational speed and engine load. This CNG/ 

diesel ratio is determined by the criteria to ensure the engine is stable, 

the torque and engine power is highest and the emission level is the 
lowest.  

The overall results of the experimental process showed that, with 

the electronically controlled CNG-diesel dual fuel feeder system, the 

VIKYNO RV125 engine has designed, built and converted to fuel 
mode. It has achieved the goals of preserving engine power, saving 

fuel and reducing emissions that pollute the environment. 

CONCLUSIONS AND FUTURE WORKS 

CONCLUSIONS  

The results of the thesis have drawn the following conclusions: 
1. The CNG-diesel dual fuel engine is one of the research areas 

that are of interest to scientists to help solve the problem of energy 

scarcity and environmental pollution.  
2. The thesis has researched, successfully designed and 

manufactured the CNG-diesel dual fuel supply system on VIKYNO 
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RV125 engine, included: 

- The CRDI system provides diesel fuel and CNG fuel injection in 
the intake manifold. 

- Programming and manufacturing control systems provide and 

control the rate of CNG-diesel supplied to the engine. 

3. For the VIKYNO diesel engine with a compression ratio of 18: 
1, the CNG-diesel dual fuel delivery control system with CRDI and 

CNG injection on intake manifold, 60% CNG attendance, engine 

power preservation , saving fuel and reducing emissions: Maximum 
torqe increased by 1.32 (%), maximum power increased by 3.74 (%);  

-  Engine emissions according to the ISO 8178 C1 emission test 

cycle, at two points, corresponding to the number of engine 
revolutions in power mode and maximum torque, 100% loading 

mode: CO reduced to 74.5%; HC decreased to 56.1%; Smoke 

emission reduced to 51.1%. 

- Energy consumption decreased from 1.6% to 3.6% compared to 
diesel engines. 

4. For the VIKYNO RV125 diesel engine, the maximum CNG-

participating CNG ratio is 60% for the engine to work stably, without 
detonation. However, in order to ensure that the engine achieves the 

best economic and technical performance and the best CNG 

efficiency, CNG rates of up to 40% at low speed and 40 % or more in 
the speed range from 1400 rpm.  

5. Develop a CNG/Diesel engine map showing the relationship 

between the amount of CNG fuel and the diesel needed to supply the 

engine when operating in dual fuel mode according to the number of 
revolutions and engine loads. This is an important database for 

programming dual-fuel engine control. 

With the results of the research, the thesis has achieved the 
important goal of controlling the supply of dual fuel on diesel with 

high compression ratio, preserving the engine power, saving fuel and 

reduces emissions. The research results contribute to mastering the 

technology of controlling the supply of dual fuel in real conditions in 
Vietnam; the research also has great significance in orienting the 

improvement of the fuel system on static motors to saving fuel costs 

and increasing the competitiveness of the product. 
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FUTURE WORKS 

1. Study of the detonation characteristics of high-compression 

diesel engines using CNG-diesel dual fuel, the maximum 

compression ratio for CNG-diesel dual fuel engines to work stable, 
not detonated. 

2. Optimize the timing of diesel injection in CNG / diesel ratio, 

load mode and number of revolutions of diesel engines using dual 
fuel. 

3. Optimized Diesel and CNG injection pressure according to load 

and rotational speed of diesel engine using dual fuel. 

4. Evaluate the effect of CNG/diesel ratios on engine life and 
durability.  

5. Continuing to study more detailed engine maps to make the 

engine database engine more optimized. 
 




