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Abstract
This study presents the optimization of the intake manifold and the optimized flow rate of the acetylene gas which acts 
as a low reactivity fuel to achieve the superior performance and emission characteristics used in the Reactivity controlled 
compression ignition (RCCI) engine. Intake manifold is one of the engine components which are an important factor 
in determining the quality of combustion. A very recent evolution of the RCCI engine using the low temperature com-
bustion technique requires a low reactivity fuel which is injected through the secondary fuel injector. The secondary 
fuel injector must be designed and optimized to allow the acetylene gas to maximize the engine performance and the 
amount of acetylene gas in liters per minute required for better combustion. If the secondary fuel injector is mounted 
apart from the critical point, then the performance of the RCCI engine may be poor and also if the acetylene gas is not 
supplied properly, there is a risk of poor combustion and also if the acetylene gas is supplied excessively, there is a risk 
of knocking along with the backfire due to the excess fuel charge accumulation during the combustion process. Physi-
cal testing of the secondary fuel injector in the intake manifold with different angles, distance and flow rate of supply of 
acetylene gas is time and cost consuming process. To mitigate this issue optimization is done through computational 
fluid dynamics principles comes in handy to minimize time and money. In our study, ANSYS-FLUENT software is used for 
simulation purposes. Optimization of acetylene gas injector distance is carried out by analyzing the pressure contours at 
the entrance of the combustion chamber. The optimized flow rate of acetylene gas and the injector inclination is found 
by analyzing the flow contours of turbulent kinetic energy and turbulent dissipation rate.
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1  Introduction

Due to the industrial revolution that has taken place over 
the last decades, the role of the transport and power sec-
tors is very significant. The invention of an internal com-
bustion engine is a milestone in the transport and power 
sector that makes it easy to convert the fuel from well to 
the wheel of the vehicle. The fuel economy of the internal 
combustion engine is significantly increased by the use of 
new combustion technologies and by the improvement 
of the design of the existing engine [1]. However, a drastic 

increase in demand for power is required to develop new 
combustion and fuel technologies to meet demand. It is 
further addressed that pollutants such as HC, CO, NOx, 
smoke and other particulate matter (PM) emitted at the 
end of the combustion cycle are very harmful to human 
life [2]. A number of experiments have been performed 
using alternative fuels and fuel additives to improve 
efficiency and reduce emissions [3]. In the later stage of 
engine research, includes the variation of compression 
ratio, exhaust gas recirculation (EGR), improving the tur-
bulence inside the cylinder and adopting new combustion 
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strategies. However these investigations are concluded 
that by using one of these methods resulting the reduc-
tion of some emission components or improvement of 
performance in the back which increasing the some other 
emission components [4]. For example, by using biofuels 
as an alternative to diesel engines to reduce CO, HC and 
smoke emissions, they pay the price to increase NOx emis-
sions [5].Belgiorno et al. [6, 7] investigated the CI engine 
using two oxygenated fuel blends and reduced the CO 
emissions and soot emissions simultaneously. Beatrice 
et al. [8] identified optimised engine boundary conditions 
such as boost pressure, injection pressure, nozzle flow 
number, peak fire pressure and inlet turbine temperature 
to achieve a power density of 100 kW/l in light duty diesel 
engines. Belgiorno et al. [6, 7] optimized the efficiency-
NOx trade off in conventional and partially premixed com-
bustion modes by finding the engine calibration parame-
ters. Belgiorno et al. [9] improved the fuel/air mixing in the 
combustion chamber by making additive manufacturing 
enabled innovative piston bowl in order to achieve better 
performance and emission characteristics. It is therefore 
recommended that two or more methods be combined 
simultaneously to achieve the desired parameters [10].

Due to stringent emissions regulations, low tempera-
ture combustion is more popular than conventional 
combustion among engine researchers [11]. In Dual fuel 
mode LTC can be achieved as the LTC requires 2 different 
reactivity fuels. Reactivity controlled compression ignition 
(RCCI) is a new combustion strategy for Dual Fuel Mode 
combustion. In the RCCI engine, low-reactivity fuel such 
as gaseous fuels is allowed through the intake manifold 
along with the air, and high-reactivity fuel such as diesel 
and other similar forms of diesel fuel is directly injected 
into the cylinder. Most researchers suggest that the use 
of gaseous fuel in dual fuel combustion will reduce the 
usage of conventional fuel [12]. İlhak et al. [13] experi-
mented with the Spark Ignition engine fueled by gaso-
line, ethanol and acetylene at 25% and 50% loads, and the 
results show that acetylene gives better performance and 
emission characteristics than other fuels. Choudhary et al. 
[14] explored the use of acetylene gas in the CI engine 
in addition to diesel for various compression ratios. The 
brake thermal efficiency is maximum at the compression 
ratio of 19.5:1. So from the above literatures, the possibility 
of using acetylene in the CI engine is demonstrated. The 
requirements of these engines shall be the homogeneous 
mixture at full load and the stratified mixture at partial 
loads during combustion. To generate the homogeneous 
and stratified mixture, it is required to find the optimum 
flow rate of mixture elements as well as the acquired 
energy to make turbulence and swirl inside the cylinder.

Like an internal combustion engine, the invention of 
computers has made an information revolution. In the 

present study the role of computational optimization of 
the engine intake manifold is to determine the optimum 
combinations of angle, flow rate and distance. Gocmen 
et al. [15] investigated and modified the intake manifold 
for multi cylinder engine by accessing pressure drop areas 
using ANSYS FLUENT CFD tool. Sadeq et al. [16] examined 
the emission and performance of conventional diesel 
engines by adopting a range of helical-spiral intakes of 
different diameters to improve swirl and turbulence in 
the combustion chamber. The result indicates improved 
performance and emission characteristics compared to 
the standard intake manifold. Silva et al. [17] optimized 
the intake manifold runner length based on volumetric 
efficiency across different speed ranges using the 1D GT-
POWER simulation platform. The shorter length with high 
speed rotation is suggested from the volumetric efficiency 
curves. Very few researchers have concentrated on opti-
mizing the intake manifold for diesel engine operating in 
dual fuel mode. Muralikrishna et al. [18], investigated on 
in-cylinder flow characteristics with varying inclinations 
(0°, 30°, 60°, and 90°) using particle image velocimetry. The 
result shows that 60° manifold inclination has the highest 
turbulent kinetic energy compared to other inclinations. 
Chen et al. [19] optimized the methanol injecting position 
by analyzing the unevenness degree of Indicated Mean 
Effective Pressure in a diesel methanol dual fuel engine. 
Adithya et al. [20] investigated the optimum runner length 
of the intake manifold using Chrysler Ram Theory and 
Helmholtz Resonator Theory to improve the mass flow rate 
of the air and the mixture of biogas in order to improve 
volumetric efficiency. It is observed that the length of the 
runner is determined by assuming that the speed of the 
pressure wave is equal to the sound wave (343 m/s).

It is noted from the above literature that the use of 
RCCI combustion technology leads to the achievement 
of favorable performance and emission characteristics, in 
particular the attainment of ultra-low NOx emissions. In 
addition, the use of gaseous fuels such as acetylene gas 
as a secondary fuel improves the rate of combustion and 
improves performance and emission characteristics. The 
majority of researchers concentrate on optimizing the 
intake manifold used for traditional diesel engine opera-
tion. In the present study, the use of the RCCI combustion 
strategy is carried out in conjunction with gaseous fuel 
such as acetylene gas supplied through the intake mani-
fold. So there is a wide research gap to optimize the intake 
manifold for dual fuel RCCI engine combustion. In the case 
of RCCI engine combustion, it is required to inject LRF by 
separate port or along with the intake air into the engine 
prior to the entry of HRF in order to generate reactivity 
stratification. Due to the wide flammability limits of the 
gasses and the possibility of backfire, the RCCI engine 
works with gasses such as acetylene as an LRF, and the 
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injector needs to be placed at an optimal distance and 
angle well before running the engine. The flow must be 
uniflow in the intake manifold in order to achieve better 
combustion characteristics and to avoid the back fire of 
acetylene. In uniflow, the mixture of air and acetylene 
flow through the intake manifold proceeds in a single 
unidirectional flow without reversal. This provides the 
thermodynamic advantage of the stabilized temperature 
inside the intake manifold rather than being alternately 
heated and cooled by molecules collision. In this study, 
the optimization of the position and flow rate of the acety-
lene gas injector is carried out numerically using the CFD 
principles. The CFD model analysis is carried out by the 
acetylene injector, which is positioned in the intake mani-
fold on three different distances as 243.5 mm, 288.5 mm 
and 333.5 mm from the intake valve. In addition, for each 
distance, the injector is placed at 3 different angles as 
45° − 60° and 90°, in order to achieve an optimized con-
figuration of the injector.

2 � CFD model

The “L” shaped intake manifold 3D model is designed using 
the CAD software SOLIDWORKS, which is used to allow 
the mixture of air and acetylene in the combustion cham-
ber. The total length of the intake manifold shall be taken 
as 361 mm and the effective inside diameter as 35 mm. 
The length and diameter of the acetylene (LRF) injector 
is 37 mm and 7 mm respectively. There is no problem let-
ting air only through the intake manifold. However, as per 
the RCCI engine combustion strategy, acetylene gas (LRF) 
must be injected during the suction stroke [21].

Figure 1 display the line diagram of the different loca-
tions of the injector. The renormalized group (RNG) k-Epsi-
lon, the standard wall turbulence model, was one of the 
conclusions used for intake manifold design and optimiza-
tion [22]. An implicit discretization procedure was applied 

to solve the problem of a discrete Navier–Stokes equation 
on a Cartesian grid. General equations used to construct 
pipe flow models included mass, momentum, and energy 
conversion equations.

2.1 � Mesh independence study

Mesh size (mesh density) is an important factor in evaluat-
ing the precision of the simulation results. When the mesh 
size increases the possibility for a convergence result is 
high. So there is a need to find the independent mesh 
size required to achieve the accurate results. The reliabil-
ity of the mesh size given for the simulation is needs to 
be checked. The coarse mesh (large element size) causes 
the geometry of the model to distort, so that the eddies 
generated in the actual flow are not obtained. So, accurate 
simulation results are not possible. On the contrary, the 
fine mesh (smaller element size) that makes the simulation 
need to run for a long time. In order to solve the above 
two simulation issues, an optimum mesh size is required.

In order to evaluate the independent mesh size, the 
mesh size is gradually increased from the coarse mesh in 
order to converge the result from the subsequent mesh 
size. Figure 2 shows the mesh independency for pres-
sure, turbulent kinetic energy and turbulent dissipation 
rate that will be calculated using the CFD simulation in 
the upcoming sections. From the independent mesh 
size evaluation graph that starts from mesh size 300,000 
plots to match the higher mesh size value. At mesh size 
310,000, the plot merges exactly with the larger mesh size. 
It is therefore concluded that the mesh size 310,000 is suf-
ficient for mesh independence.

Figure 3 demonstrates the computational view of CFD 
mesh. The density of the elements is larger in the area of 
the injector and the density of the elements is low in the 
intake manifold pipeline. The mesh quantity would be the 
same for both the width and angle of the injector since 
the volume of the intake manifold and the injector in both 
places is merely equal.

2.2 � CFD simulation

Figure 4 display the transport model of the species which 
the point ‘A’ indicates the air inlet, point ‘B’ indicates the 
acetylene inlet and the point ‘C’ indicates the air and acet-
ylene mixture ready to enter combustion chamber. The 
point ‘B’ is variable distance of 243.5 mm, 288.5 mm and 
333.5 mm with the variable angles of 45°, 60° and 90°. The 
Table 1 shows the input parameters required to start the 
simulation.

The boundary conditions are set for finding the 
required parameters at the outlet. The intake air velocity 
is 18 m/s and the temperature at the intake manifold entry Fig. 1   injector position at different distance from the intake valve
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is the room temperature (300 K). Low Reactivity Fuel (LRF) 
acetylene is supplied by a different positioned injector at a 
flow rate from 1 to 5 LPM with an increase of 1 LPM and the 
inlet pressure has been taken as the atmospheric pressure. 
The pressure loss due to wall friction is neglected for the 
simulation purpose. The time-independent steady flow of 

fluid (Air and Acetylene) is incompressible and there is no 
chemical reaction between air and acetylene during the 
suction stroke of the engine.

3 � Result and discussion

The present simulation work is carried out in 2 phases. The 
first phase involves the location of the critical distance and 
the second phase involves the critical angle and the opti-
mal flow rate of the acetylene gas which is injected into 
the intake manifold through the injector.

3.1 � Estimation of critical distance of injector

The first phase of the simulation is used to determine the 
critical distance of the injector located in the manifold at 
three positions Fig. 1a–c with an intake valve distance of 
243.5 mm, 288.5 mm and 333.5 mm. The aim of the sim-
ulation is to evaluate the high pressure at the outlet to 

Fig. 2   Independent mesh size evaluation graph a Pressure distribution for different mesh sizeb Turbulent Kinetic Energy distribution for dif-
ferent mesh sizecTurbulent Dissipation Rate distribution for different mesh size

Fig. 3   Mesh density in the manifold and injector
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improve the performance of the engine [23]. If the pres-
sure inside the combustion chamber is high, the com-
bustion is thermodynamically more efficient, because of 
the heat energy produced by the combustion reaction is 
converted into desired mechanical energy [24]. Moreover, 
according to the gas law (pv = mRT) if the pressure of the 
gas increases, the temperature of the gas will also increase. 
A sufficient amount of temperature rise will help the com-
plete combustion.

Figure 5a–i displays the CFD simulation contours of the 
intake manifold pressure distribution at 1 LPM of acetylene 

Fig. 4   Species Transport Model

Table 1   Input parameters for simulation

Properties Air fluid Acetylene fluid

Density 1.225 kg/m3 1.092 kg/m3

Thermal Conductivity 0.0242 W/m–k 0.0213 W/m–k
Viscosity 1.7894 × 10–05 kg/m-s 1 × 10–05 kg/m-s
Molecular Weight 28.966 kg/kg-mol 26.04 kg/kg-mol

Figs. 5   a–i Pressure distribution at 1 LPM of acetylene through the injector
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gas supply. From the contours Fig. 5a–c, the 45° injector 
at the distance of 243.5 mm from intake valve produce a 
pressure of 188.4 Pa in the outlet which produces a higher 
pressure than 60° and 90° injectors. The higher pressure at 
the outlet is due to the intake air obstructed by the 1 LPM 
acetylene flowing through the 45° injector and it will lead 
the pressure rise in the inlet and the pressure wave to be 
transmitted to the outlet with some loss of pressure. From 
the Fig. 5d–f, the 45° injector at a distance of 288.5 mm 
from the intake valve has an outlet pressure of 112.5 Pa, 
which is lower among 60° and 90°, while the inlet region 
pressure is higher when the injector is positioned at a dis-
tance of 288.5 mm from intake valve and the acetylene 
entry making a sensible pressure drop at the outlet. For 
90° injector, the specified pressure loss flow is minimal 
and the pressure at the outlet is 127.9 Pa, which is higher 
than 45° and 60° injectors. At a distance of 333.5 mm from 
intake valve which is shown in Fig. 5g–i, the outlet pres-
sure decreases by increasing the inclination of the injector. 
The maximum outlet pressure 123.7 Pa is created by a 45° 
injector.

Figure 6a–i shows the simulation result of the pressure 
distribution at 2 LPM acetylene flow rate. The distance 
of 243.5 mm from intake valve by the color map shown 
in Figs. 6a–c, it is very clear that at 45° and 90° injectors 
having higher pressure (170.8 Pa and 172.5 Pa) at outlet. 
Although the pressure at the inlet region is high and the 

entry of the acetylene through the 60° injector creates 
enormous amount of pressure loss and the pressure at 
the outlet is 124.4 Pa.

From the Fig. 7a–c for the 3 LPM acetylene flow rate 
at 243.5 mm from the intake valve, it is shown that the 
90° injector produced a maximum pressure of 192.3 Pa 
at outlet which is higher than other 2 kinds of injectors. 
The higher outlet pressure for 90° injector is due to the 
intake air obstruction made by the vertical (90°) position. 
This can be seen from the contour Fig. 7c that the high 
pressure region is in just before of the injector. This high 
pressure inlet wave travels to the outlet and produces a 
higher pressure.

The Fig.8a–i shows the pressure contours of 4 LPM of 
acetylene and air mixture. At 243.5 mm from the intake 
valve shown in Fig. 8a–c, all three injectors produce almost 
the same inlet pressure. Due to the more pressure drop 
which is created by 60° injector, the outlet pressure is 
124.3 Pa. But due to the low pressure drop created by the 
45° and 90° injectors, the outlet pressures are 213.9 Pa and 
213.5 Pa respectively.

Figure 9a–i show that at a flow rate of 5 LPM of acety-
lene with an air mixture for a 90˚ injector, the pressure 
is 231.1 Pa. For the 60° injector, the pressure in the inlet 
region is still higher than the 45° and 90° injectors. But 
as usual the 60° injector created more pressure drop at 
the outlet and interestingly the 45° injector also created 

Fig. 6   a–i Pressure distribution at 2 LPM of acetylene through the injector
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Fig. 7   a–i Pressure distribution at 3 LPM of acetylene through the injector

Figs. 8   a–i Pressure distribution at 4 LPM of acetylene through the injector
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more pressure drop from the inlet due to the 5 LPM 
acetylene flow rate.

At a distance of 288.5 mm and 333.5 mm from the 
intake valve, the behavior of the fluid mixture at the 
outlet for the remaining acetylene flow rate is the same 
as in the conclusions of the 1 LPM section.

From all the simulation plots, in contrast to the pipe 
flow, the air and acetylene mixture pressure at the out-
let does not depend on the inlet pressure. The pres-
sure at the outlet varies depending on the position of 
the second fluid (acetylene) in contact with the first 
fluid (air) and the inclination between the two fluid 
pathways.

Figure 10 shows the graph compiling all the outlet 
pressure values for the position of the injector at dif-
ferent distances and angles. Overall for the entire flow 
rate and all the angles, except 60° the outlet pressure is 
increasing when the injector position is moving towards 
the intake valve. The pressure loss levels are lowest in 
45° and 90° injector angles as it improves the swirl in 
the manifold [15]. It is very clear that, from the simu-
lation contours and the graph, the maximum pressure 
achieved at all the flow rates at a distance of 243.5 mm 
from intake valve seems to be efficient, particularly for 
45° and 90° injector angles.

3.2 � Estimation of critical angle and flow rate 
of acetylene

In the second phase of finding the critical angle of the 
injector required to be positioned in the intake manifold 
at a distance of 243.5 mm from the intake valve and the 
flow rate of acetylene required for optimum performance 

Fig. 9   a–i Pressure distribution at 5 LPM of acetylene through the injector

Fig. 10   Outlet Pressure changes with different mass flow rate of 
acetylene



Vol.:(0123456789)

SN Applied Sciences (2021) 3:126 | https://doi.org/10.1007/s42452-020-04138-3	 Research Article

of the RCCI engine. The generation of turbulence is deter-
mined by the mixing rate of acetylene gas with intake air 
and the position of the acetylene gas injector [25]. In order 
to achieve better combustion and emission characteris-
tics for the RCCI engine, a pressurized charge is not only 
necessary during the intake stroke. There is no assurance 
that the pressure generated at the outlet is either air or 
acetylene or a mixture of air and acetylene. The forma-
tion of a homogeneous mixture largely depends on the 
collision in the inlet manifold between air and acetylene 
[26].To confirm the pressure is created by the mixture 
is assured by the k-epsilon turbulence model. Accord-
ing to the k-epsilon turbulence model, the turbulence 
kinetic energy (k) and the turbulent dissipation rate (TDR) 
referred to as epsilon are the factors required to decide the 
degree of mixture formation between 2 dissimilar fluids. 
It is further required to analyze a mixture which may have 
enough energy to produce turbulence inside the combus-
tion chamber [27]. The amount of acetylene supplied in 
the intake valve is more than required for combustion, and 
the mixture creates an enormous amount of pressure and 
flammable characteristics of acetylene gas, which can lead 
either backfire or severe knocking in the engine.

The turbulence generation and dissolving rate of acety-
lene gas can be measured for various injector angles using 
CFD principle [28]. Optimized position and angle of the 
injector will reduce the flow resistance as well as increase 
the swirl intensity throughout the flow in the intake mani-
fold and also inside the combustion chamber. Turbulence 
kinetic Energy (TKE) is a measure of swirl creating ability in 
the flow through the medium. TKE can be produced either 
by fluid shear, friction or buoyancy or through external 
fluid mixing at a frequency other than primary fluid. TKE 
is the mean kinetic energy per unit mass associated with 

eddies in turbulent flow. Physically, the TKE is calculated 
using the Eq. (1) which is characterized by measured root 
mean square (RMS) velocity fluctuations.

Where, u and v are fluctuating velocity components in 
the x and y directions respectively. Here, density ‘ρ’ is the 
effective density of the air and acetylene during the for-
mation of the mixture. Then TKE is transferred down to 
the turbulence energy cascade, and dissipated by viscous 
forces. The rate of TKE (k) dissipated in to viscous forces 
referred to as TDR (epsilon). So it is required to analyze the 
rate of turbulence dissipation (epsilon) for identifying the 
induced turbulent kinetic energy which is converted in to 
viscous forces or not.

Figure 11, 12, 13, 14 and 15 shows the data obtained 
from the CFD simulation indicating the variation of the 
TKE(k) and TDR(epsilon) with different acetylene gas flow 
rates and the injection distance of 243.5 mm, 288.5 mm 
and 333.5 mm from the intake valve and corresponding 
inclinations (45°, 60° and 90°). From the graphs it is show-
ing that the TKE and TDR are varying in the same propor-
tion for all the acetylene flow rate. So there is no energy 
conversion problem in the geometry of the intake mani-
fold. It is already dicussed from the pressure contours that 
the outlet pressure is achieving higher for the 45° and 90° 
injectors at a distance of 243.5 mm from the intake valve. 
Thus it is also necessary to verify that the maximum pres-
sure created by the injectors is able to produce enough 
TKE and TDR to achieve a better mixture of air and acety-
lene. The plot clearly shows that, relative to other angle 
acetylene gas injection, up to the mass flow rates of 4 LPM 
acetylene gas with an injection angle 45° would produce 

(1)k =
1

2
�

(

u
2

rms
+ v

2

rms

)

Fig. 11   variation of k-epsilon with injector position and angle a turbulent kinetic energy b turbulent dissipation rate at 1 LPM acetylene 
flow rate
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more turbulent kinetic energy. This is because of the fluid 
composition of the acetylene gas in such a way that it 
causes fluid shear, friction and buoyancy with intake air 
leading to more eddies in the intake manifold [29]. The 3 
LPM flow rate of acetylene the TKE and TDR is achieving 
maximum for 45° injector compared to the other injec-
tors at a distance of 243.5 mm from intake manifold. The 
magnitude of the TKE increases with an increase in the 
flow rate of upto 3 LPM with an injection angle of 45° and 
the distance of 243.5 mm. But by increasing the distance 
from the intake valve the TKE and the corresponding TDR 
decrease. Which indicates that the 45° injector at a dis-
tance of 243.5 mm has a higher TKE. Moreover from the 

k-epsilon variation graphs at 3 LPM, the maximum TKE 
value is 154.16 m2/s2 and the corresponding TDR value is 
132257.41 m2/s3. So air and acetylene mixture able to cre-
ate maximum turbulence and swirl inside the combustion 
chamber.

4 � Conclusion

The mixing pattern of air and acetylene in the intake 
manifold is analysed using ANSYS-FLUENT software in 
order to achieve better combustion characteristics of DI 
diesel engine operating on RCCI mode. The Acetylene gas 

Fig. 12   variation of k-epsilon with injector position and angle a turbulent kinetic energy b turbulent dissipation Rate at 2 LPM acetylene 
flow rate

Fig. 13   variation of k-epsilon with injector position and angle a turbulent kinetic energy b turbulent dissipation rate at 3 LPM acetylene 
flow rate
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(LRF) supplied virtually with the flow rates varying from 
1 to 5 LPM through the injector positioned at a three dif-
ferent distances as 243.5 mm, 288.5 mm and 333.5 mm 
from the intake valve. In addition, for each distance, the 
injector is placed at three different angles as 45°, 60° and 
90°. By seeing the pressure CFD simulation contours Pres-
sure at the outlet of intake manifold does not depend on 
the pressure at inlet. So the pressurized air and acetylene 
injection will not make any sense to increase the pressure 
in RCCI engine combustion chamber. The pressure at out-
let depends upon the position and angle of the second-
ary fuel injector. The maximum pressure at the outlet is 
obtained at a distance of 243.5 mm from the intake valve 
at an injector inclination of 45°and 90°. The maximum 
TKE and TDR is obtained at 45° injector angle with the 

acetylene flow rate of 3 LPM. By combining all the results, 
the supply of 3 LPM acetylene flow rate with an injector 
angle of 45° at a distance of 243.5 mm from intake valve 
gives the better performance, emission and combustion 
characteristics for RCCI engine fueled by acetylene gas as 
a low reactivity fuel.

5 � Inferences of the study

The aerodynamic phenomenon of the inlet air and acety-
lene mixture is greatly affecting the combustion param-
eters. The RCCI engine, which is using the acetylene gas 
injector placed at a distance of 243.5 mm and 45° incli-
nation with 3 LPM acetylene flow rate produces more 

Fig. 14   variation of k-epsilon with injector position and angle a turbulent kinetic energy b turbulent dissipation rate at 4 LPM acetylene 
flow rate

Fig. 15   variation of k-epsilon with injector position and angle a turbulent kinetic energy b turbulent dissipation rate at 5 LPM acetylene 
flow rate



Vol:.(1234567890)

Research Article	 SN Applied Sciences (2021) 3:126 | https://doi.org/10.1007/s42452-020-04138-3

pressure at the entry of the intake valve. This higher 
pressure air and acetylene mixture is rising the in cyl-
inder pressure. It is observed that many internal com-
bustion engine performance, emission and combustion 
investigations, the higher cylinder pressure giving better 
performance, emission and combustion characteristics 
compared with lower in cylinder pressure. Moreover the 
degree of homogeneity of air and acetylene is important 
factor which is influenced by TKE and TDR. The higher 
TKE and TDR is achieving in the acetylene gas injector 
placed at a distance of 243.5 mm and 45° inclination 
with 3 LPM acetylene flow rate. The higher degree of 
homogeneity in between the air and acetylene makes 
the uniform combustion, when the high reactivity fuels 
like diesel injected at the end of the compression stroke. 
On the contrary, if the TKE and TDR of the air and acety-
lene mixture are low means that it will be automatically 
lower the degree of homogeniety in between the air 
and acetylene. This low degree of homogeneity mixture 
creates uneven charging pockets inside the combustion 
chamber and thus creates premature combustion, which 
leads to a reduction in performance and an increase in 
exhaust emissions.

The future scope of work is CFD analyze of the in-cyl-
inder mixing of air-acetylene or some other gaseous fuel 
mixture and diesel fuel mixing phenomenon. And also 
physically modify the intake manifold according to the 
geometry obtained from the simulation and experimen-
tally test the RCCI engine for better performance, combus-
tion and emission characteristics.
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