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Abstract - Dual-fuel technology is suggested as a solution for effectively utilizing alternative fuel types in the near future. 
Charge air mixed methane combined with a compression ignition engine utilizing a small diesel pilot injection seems to form 
a worthwhile compromise between good engine efficiency and low emission outcome. Problems concerning dual-fuel 
technology profitableness seem to be related to fully control the combustion with the pilot injection. 
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I. INTRODUCTION 
 
During the past decade, there has been a high demand 
for reducing the harmful pollutant gas emission due 
to the IC engines combustion process, the greenhouse 
gas emissions and their effect on the climate has led 
to tighter emission regulations necessitating an extra 
challenge to the engine development process. As 
energy costs continue to grow and with depleting 
reserves, there has been an inclination towards 
finding alternative fuel replacements. LNG as an 
alternate fuel not only benefits the environment [1], 
[2], [3],[4], but also provides the least expensive fuel 
alternative for transportation. 
Diesel engines are preferred for their low running 
cost and better torque characteristics, but due to 
emission regulations for NOx and soot [5], it has 
become the biggest concern for the engines. The 
reason behind this is being the harmful combustion 
products of diesel fuel and the expensive after-
treatment facilities like EGR, SCR etc. which add to 
the system cost and in turn complexity. As a result, 
countries are looking for alternative ways such as 
cleaner fuels which have high calorific values and 
less emission during combustion in addition to low 
running cost. The high-octane number of LNG makes 
it a suitable replacement for spark ignition engines. In 
contrast, the low cetane number of LNG makes it 
difficult to be used in large proportions in a 
compression ignition engine, mainly due to high 
cyclic variation. Therefore, it is a best possible way to 
use is in dual diesel fuel engine. 
In dual fuel engine, LNG is used as the primary fuel 
and is mixed homogeneously with the air flow in the 
intake manifold similar to in a spark ignition engine 
or it can also be directly injected into the cylinder. 
However, to ignite the air/fuel mixture a small 
amount of diesel fuel is injected into the cylinder near 
the end of compression stroke. The diesel fuel 
produces a pre-flame and ignites due to the high heat 
from the compression, then this pre-flame aids in 
reaching the temperature where air/ LNG fuel 
mixture starts to combust. The pilot diesel fuel 

contributes only a small fraction of engine power 
output. Thus, the combustion process in a dual fuel 
engine is complex as it combines the feature of both 
SI and CI engines [6] 
A dual fuel engine can operate on 100 percent diesel 
fuel or the substitution mixture of diesel and natural 
gas, delivering the same power density, torque curve 
and transient response as the base diesel engine. 
 
II. DUAL FUEL ENGINE 
 
DDF heat release shares characteristics with both CI 
and SI combustion and can be considered to consist 
of four parts: 
1. Combustion of the diesel pilot 
2. Combustion of methane in the premixed pilot-

region 
3. Flame propagation through the methane-air 

mixture 
4. Possible bulk ignition of the end gas 
 
The four parts are demonstrated in the form of a 
hypothetical heat release curve in Figure 1. 

 
Figure 1: Schematic image showing possible contribution to 

dual fuel heat release 
 
The traditional description of dual fuel combustion is 
that it consists of three parts [7] and [8]. Based on 
experience from measurements and work of other 
authors, a fourth possible contribution to the heat 
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release is included, bulk ignition in the end gas 
region. Depending on load and a number of 
parameters, each of these parts will contribute to a 
different degree to the accumulated heat release. 
Images of dual fuel combustion of syngas, with diesel 
fuel as ignition source, are shown inFigure 2.The 
frames are shot with a high-speed camera, through a 
Bowditch type piston. 
 

 
Figure 2: Dual fuel combustion 

 
The diesel injector used in this study had four holes, 
and the amount of diesel injected was 2 mg. It is 
clearly seen how the combustion starts in the regions 
where the diesel spray is present. The combustion 
then progresses by means of flame propagation until 
the entire combustion chamber is engulfed. Glowing 
soot particles from the diesel pilot are present during 
the entire combustion event. 
 
Requirements from Modelling: - 
In this report we mainly focus on the combustion of 
the dual fuel, but below mentioned are the important 
factor which will be required from this modelling. 
1) Burn Rate: - It is the rate at which the fuel and air 
is converted to combustion product, in this case fuel 
is Diesel and LNG. Burn rate is obtained from 
burning both the fuel. LNG is injected in the port to 
premix with air and enter into the combustion 
chamber, then in the compression stroke Diesel is 
injected as a pilot fuel to ignite the Pre-mixture of air 
and fuel. First, pilot diesel combust which will cause 
the pressure and temperature increase inside the 
cylinder. Now with the flame from the burning of 
Diesel and rise in temperature inside the cylinder will 
cause the premix air and LNG fuel to burn and 
release the energy to move the piston downward. To 
study this transfer of heat we are simulating the dual 
fuel combustion as it is different from the combustion 
of diesel alone. We discuss this topic with three 
different case study for better understanding of the 
combustion of both fuels. 
 
2) Knock: - In dual fuel engine with LNG as an 
additional fuel combustion process should be 
organized as follows. The LNG filling the 

combustion chamber should be ignited from the pilot 
dose of diesel fuel injected into the combustion 
chamber. Diesel fuel will ignite spontaneously and 
the resulting flame burns the LNG. The core of knock 
combustion in dual fuel diesel engine relies on fact 
that sources of self-ignition may occur not only at the 
border of the injected stream of diesel fuel and charge 
filling combustion chamber but also inside of the 
ambient compressed air-LNG mixture. If the sources 
of self-ignition appear inside of the air-methane 
mixture, we are dealing with uncontrolled process of 
knock combustion, disturbing regular combustion 
required for proper CI engine operation. [9]. 
 
There are four knock models available in GT Suite1: 
 Douaud & Eyzat 
 Franzke 
 Worret 
 Kinetics Fit 
While all four models may be used to predict knock, 
only Douaud & Eyzat or Kinetics-Fit should be used 
to predict pre-ignition (IGR, EGR and air fuel ratio 
considered). 
 
3) HC Emission:- In dual fuel consist of high 
Hydrocarbon mixture as compared with the diesel 
engine which still remain in the exhaust gas after 
combustion which is very harmful to the 
environment, so to reduce the amount of HC from 
exhaust is required. It is theorized that HC emissions 
are substantially higher in dual fuel engine because 
natural gas survives through the combustion process 
and ends up in the exhaust gas stream. Flame 
quenching at the wall and very lean mixtures also 
result in high levels of HC emissions. [10]. 
 
4) Methane Slip: - Methane slip is the methane 
which is not used as a fuel in an engine and basically 
escapes into the environment[11]. It can simply be 
imagined that methane as a gas can trapped in the 
engine combustion chamber (Piston rings, the anti-
polishing ring, valve seats, etc.) where the air-fuel 
ration means that the gas does not burn during 
combustion but is released unburnt with exhaust 
gases during cycle scavenging. It is very significant 
issue with LNG, since methane is a very powerful 
greenhouse gas. There are two methods to minimize 
the methane slip in dual fuel engine are “By 
continuous development of the combustion chamber 
technology to improve combustion process” and “by 
oxidation of unburnt methane using a catalyst”. With 
modelling of dual fuel combustion in GT Suite and 
improvise the combustion with injection timing and 
equivalent ratio to minimize the methane slip. 
 

                                                             
1GT-Suite/GT-ISE is an IC engine 1D simulation 
software from Gamma Technologies.  
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Study of various methods to implement Burn Rate 
 
There is different approach for modelling dual fuel 
combustion, following are the different approaches: - 
1) 3D CFD Modelling- In this approach 3D CFD 
model is used for simulation of dual fuel combustion 
as shown inFigure 3. A full 3D model is simulating 
the dual fuel combustion of a lean/air mixture which 
is ignited by a diesel pilot spray. The approach 
combines the conditional moment closure model for 
the auto igniting fuel spray using a detailed reaction 
mechanism for fuel. For the premixed turbulent flame 
propagation in the homogenous mixture of methane 
and air, a combustion model of the flame area type 
(Weller 3-equation) is used. The transition from the 
hot spots acting as ignition sources to the premixed 
combustion is done by user coding the ignition 
treatment in the premixed model. [12]. 

 
Figure 3: 3D CFD Simulation of Dual Fuel Combustion 

 
2) Numerical Approach - This approach for 
modelling the dual fuel combustion is calculated by 
the chemical equation. This approach is divided into 
two stages, first stage of combustion will calculate 
the entrained gas on the basis of the actual spray 
geometry till the end of delay period as shown in 
Figure 4.  

 
Figure 4: Spray Geometry 

In the second stage of the combustion it is necessary 
to determine the mass of diesel and LPG that is 
unburned. Heat release model taken for diesel 
burning was the simple Wiebe’s function, whereas for 
gas burning, spherical pattern of flame front 
movement was assumed. The heat release by both the 
fuels is finally calculated by adding the heat release 
rates. [13] 
3) Reverse Calculation of the combustion: - This is 
very common and easy approach for modelling 
combustion. This is done by performing Three 
Pressure Analysis (TPA) is carried out directly by GT 
Suite in which input parameters can only be obtained 
through running the engine. Some of the experimental 
data which will requires are: - 
 Start of combustion 
 Pressure and heat release rate traces of each 

cylinder 
 Friction data 
 Temperatures and pressures in the intake and 

exhaust 
 Fuel flows and their injection parameters: timing, 

injected mass, delivery rate, temperature, etc. 
 Coolant properties 
 Levels of exhaust emissions. 
In this method the amount of fuel that is transferred 
from the unburned to the burned zone is iterated 
within each time step until the cylinder pressure 
matched the measured cylinder pressure, hence the 
data must be accurately measured to avoid the error 
in the burn rate. 
 
4) Dual Fuel Combustion model: - In this approach, 
the dual fuel combustion model is given in the recent 
version of the GT Suite (2016 and later). The input of 
this model is DI Pulse and SITurb combustion model 
which has to be calibrated based on the operating 
condition. DI Pulse will predict the combustion of the 
Pilot fuel and determine the initial conical flame area, 
which will be convert into spherical flame by SITurb 
and combust the premixed air fuel in the cylinder. 
 
In GT Suite there is a Dual Fuel Combustion model 
available, which uses the DIPulse and SITurb 
together for the combustion of the Diesel and 
premixed LNG with air. In this model, DIPulse will 
predict the burning of the pilot injection, and will 
determine the initial flame area based on the conical 
area of the diesel fuel jets. Given the initial flame 
area from DIPulse, SITurb will model the flame 
propagation and the burning of the premixed fuel. 
SITurb assumes spherical flame propagation from a 
single point that is specified by the user. The dual 
fuel combustion model also contains a “transition” 
model for the flame, which will do transition of the 
flame from the conical area of the fuel jets to the 
spherical flame calculated by SITurb. 
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Simulating Combustion of Dual Fuel Engine in 
GT Power: - 
For simulating the dual fuel combustion, a dual fuel 
combustion model has been selected which is 
available in the 2016 version of GT Suite. In that it 
will use the DI Pulse and SITurb to calculate the 
combustion. 
DI Pulse model predicts the combustion rate for 
direct injection diesel engine with the help of single 
and multi-pulse injection. This model tracks the fuel 
as it is injected, evaporates, mixes with the 
surrounding gas and burns. Therefore, DI Pulse 
should be calibrated on these attributes: - 
 Fuel Injection- Each injection pulse is calculated 

separately to add into the spray unburned zone 
 Entrainment Rate Multiplier- It is determined by 

applying conservation of momentum to an 
empirical spray penetration law. 

 Evaporation- The evaporation of the fuel as it is 
heated by entrained gas. 

 Mixing- Both Evaporated fuel and entrainment 
gas mixes in every pulse together in a turbulence 
driven process. 

 Ignition delay Multiplier- The mixture in every 
pulse undergoes an ignition delay. 

 Premixed combustion Multiplier- It can modify 
the rate of premixed combustion which is 
assumed to be kinetically-limited. 

 Diffusion Combustion Multiplier- In the end of 
the combustion, after the last pulse ignites the 
remaining unburned fuel and entrained gas in the 
pulse mixes and burn in a primarily diffusion-
limited phase. 

 
SITurb model predicts the burn rate for the 
homogeneous charge and calculated based on the 
below shown equation: 
 

dM
dt = ρ A (S + S ) (1) 

 
dM

dt =
M −M

τ  (2) 
 

τ =
λ

S  (3) 
 

M = Entrained mass of the unburned mixture 
M = Burned Mass 

ρ = Unburned denisty 
A =  entrainment surface area at the edge of the 

lame front 
S = Turbulent lame speed 
S = Laminar Flame speed 

τ = Time constant 
λ = Taylor Microscale lenght 

These equations state the unburned mixture of fuel 
and air is entrained into the flame front through the 
flame area at a proportional to the sum of the 

turbulent and laminar flame speeds. The burn rate is 
proportional to the amount of unburned mixture 
behind the flame front (M퐞, M )divided by a time 
constant τ. The time constant is calculated by 
dividing the Taylor microscale, lambda, by the 
laminar flame speed. 
 
Test Cases: 
 
To study the combustion process we have 3 different 
case setups as shown in  

and LNG is injected by Pulse injector model having 
the same Injection delivery rate for all cases and by 
varying the amount of LNG. Whereas, for injecting 
pilot fuel (Diesel) Multi-profile Injector model is 
used because it works with DIPulse and it allows 
multiple injection at different pressure profile. 
In order to study the behavior of dual fuel combustion 
model. The following 3 cases of simulation is carried 
out: - 
Case 1: - Behavior of diesel fuel in dual fuel 
combustion model, hence only 100 mg of diesel is 
injected. 
Case 2: - Behavior of LNG fuel in dual fuel 
combustion model, hence only 100 mg of LNG is 
injected. 
Case 3: - Behavior of dual fuel (Diesel + LNG) in 
dual fuel combustion model, hence only 5 mg of 
diesel and 100 mg of LNG are injected. 
 
Parameter Unit Descriptio

n 
Case

1 
Case

2 
Case

3 

Speed RP
M 

Engine 
Speed 2000 2000 2000 

Cycle S 
Max 

simulation 
duratn 

150 150 150 

P-rail Bar Rail 
Pressure 2000 2000 2000 

Soi-pre Deg Injection 
timing -15 -15 -15 

Soi-main Deg Injection 
timing -5 -5 -5 

Soi-post  Injection 
timing 25 25 25 

Fuelmass
-pre Mg 

Injected 
mass(pre-

Inj) 
10 0 5 

Fuelmass
-main Mg 

Injected 
mass(pre-

Inj) 
80 0 0 

Fuelmass
-post Mg 

Injected 
mass(pre-

Inj) 
10 0 0 

INJLNG Mg 
Injected 

Mass 
(LNG) 

0 100 100 

Table 1: Case Setup for combustion 
 
Case 1: 
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Figure 5shows the pressure curve for Dual fuel 
combustion model and DI Pulse combustion model 
and Error! Reference source not found.represents 
the burn rate for the same. The diesel is burn 
according to DIPulse only in the dual fuel 
combustion. This is verified by simulating the same 
model with the DIPulse combustion. Hence DIPulse 
model in the dual fuel combustion model will work 
when diesel is injected. 
 
Case 2: 

 

Figure 7shows the pressure curve for SITurb 
combustion model and Dual fuel combustion model 
and Figure 8represents the burn rate for same. The 
LNG is not combusting in both the combustion model 
as it is not reaching its self-ignition temperature. This 
is verified by simulating the same model with the 
SITurb combustion. Hence SITurb model will not 
work either in dual fuel combustion model as it 
requires diesel to reach the ignition temperature for 
LNG. 

 

 
Figure 5: Pressure Curve from SITurb combustion model 

(Case 2) 
 
 

 
Figure 6: Pressure Curve from DIPulse combustion model 

(Case 1) 
 

 
Figure 7: Burn Rate from DIPulse Combustion Model (Case 

1): 
 

 
Figure 8: Burn Rate from SITurb combustion model (Case 2) 

 
Case 3 
In this case, the aim of the combustion is to burn 
diesel fuel for pilot injection and the flame generated 
is propagate through the mixture of air and LNG will 
combust which is predicted by SITurb, hence the dual 
fuel combustion model is allow to simulate the 
combustion of both fuel in the system. 
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Figure 9: Pressure Curve from Dual Fuel Combustion model 

(Case 3) 

 
Figure 10: Burn rate from Dual Fuel Combustion model (Case 

3) 
 
From these curves, as shown inFigure 9 andFigure 
10. It can be interpreted from the first peak in the 
burn rate pilot diesel is getting combusted which 
raises the temperature inside the cylinder to the self-
burning temperature of the LNG-Air mixture and 
consequently we can see the burn rate curve has an 
overshoot, suggesting the combustion of LNG. 
 
CONCLUSION 
 
 In order to study the combustion of LNG in the 

dual fuel engine, a combustion model is made in 
GT Suite. 

 The 1-D GT Suite model of diesel engine is 
converted into dual fuel engine by placing the 
Pulse injector into each manifold to inject LNG, 
and diesel injector is replaced by Multi-profile 
injector. 

 Different approaches are studies, selected the 
best option i.e. using the dual fuel combustion 
model from GT Power due to lack of test data 
and also the availability of the Calibrated 
DIPulse and SITurb model in tutorial. 

 Three cases are studied for different combustion 
to study the behavior of DIPulse and SITurb in 
“CombDualFuel” model, So DIPulse is 
predicting the burning of pilot fuel and calculate 
the initial flame, then SITurb will model the 
flame propagation and burn the premixed air-fuel 
in the cylinder. 

 Other necessary parameters are also studied 
which are the outputs from the modeling and 
effect the combustion of dual fuel like Knocking, 
HC Emissions and methane slip. 

The dual-Fuel combustion can be improved by 
manipulating the Multiplier of SI Turb and DI Pulse. 
It can be optimized by the calibrating the multipliers. 
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