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Abstract— Due to the depletion of fossil fuels and environmental 

degradation in recent years, there is considerable global effort to 

ensure continued availability of supplies of hydrocarbon fuels and 

to reduce exhaust emissions from all combustion devices, 

particularly internal combustion engines. Many studies by a 

number of research groups worldwide have focused attention on 

alternative transportation fuels to replace or supplement 

hydrocarbon fuels. In this regard, hydrogen is considered one of 

the most promising alternate fuels due to its clean burning 

characteristics and better overall performance as compared to 

hydrocarbons fuel. The hydrogen has numerous excellent 

combustion characteristics when burned in internal combustion 

(IC). In present research we have enriched petrol with hydrogen 

since in previous studies it was found that hydrogen can be mixed 

with petrol and (or) diesel but homogeneity was not checked. In 

this work we have analysed in two parts (ie) first we have designed 

a mixture setup to mix hydrogen and petrol and then done 

combustion of different blends. 

 Following this analysis on ANSYS we have drawn results like 

density, turbulent Kinetic energy etc for mixture and total energy, 

temperature etc for combustion and found blend P80H20 is most 

suitable. 

Keywords— ANSYS, combustion, fossil fuels, hydrogen, 

hydrocarbons fuel, internal combustion engines. 

INTRODUCTION 

1.1 ENERGY SCENARIO: 

Energy is a primary source for monetary development and 

social growth. The role of energy has got a direct impact on 

the growth of industries which contributes for the 

enlargement of country’s economy. In many countries, 

engines are extensively used as prime movers in the field of 

power generation, agriculture and transportation. The rapid 

diminution of petroleum fuels and their ever snowballing 

costs had directed to a concentrated pursuit for alternative 

fuels. Also there was a need to diminish the ingesting of 

diesel fuel in the developed and in the developing countries. 

The sufficient amounts of energy resources are available 

which is essential to meet out our basic needs and thereby 

assuring a sustainable development. 

1.2 REVIEWS ON ENERGY DEMAND: 

Global fossil fuel consumption stands next to population 

from the year 1900 to 2050. Consumption of energy is 

increasing worldwide in various procedures for a variety of 

purposes. The amount of consumption is directly 

proportional to a society’s growth.  

Today developing countries are prospering through 

economic reforms and are becoming technologically 

advanced. 

 

 

Figure 1. 1 Primary and secondary energy types 

As of late, oil costs fell forcefully, with the costs of different 

powers moving couple in many segment of the world. 

Agricultural nations like India and Indonesia have exploited 

falling oil costs to push forward with the suspension of 

petroleum derivative endowments.  

Fuel is indispensable to the vital arrangement for productive 

development and public security. In agricultural nations, for 

example, India, fuel has backhanded financial expenses as 

spending deficiencies brought about by oil imports and 

serious ecological conditions brought about by 

contamination. The importation of these things is around 

18,000 kroner and the diesel utilization rate is over 15% 

every year. With regards to the world, energy utilization has 

increased exaggeratedly in the course of the last time. 

Individuals actually depend generally on petroleum 
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derivatives to control their vehicles, regardless of the 

ecological issues brought about by consuming oil, coal and 

flammable gas. Much examination is being done in nations 

like India to locate the correct wellspring of fuel, for 

example, daylight and wind, as an extraordinary option in 

contrast to huge amounts and is arriving at a large scale 

manufacturing in the coming days. Continuously check out 

the corner still for eternity. 

1.3 NEED OF ALTERNATIVE FUELS (HYDROGEN) 

Because of the consumption of petroleum derivatives and 

natural debasement as of late, there is impressive worldwide 

exertion to guarantee proceeded with accessibility of 

provisions of hydrocarbon energizes and to lessen fumes 

discharges from all ignition gadgets, especially interior 

burning motors. Numerous examinations by various 

exploration bunches worldwide have concentrated on 

elective transportation fills to supplant or enhance 

hydrocarbon energizes. In such manner, hydrogen is viewed 

as one of the most encouraging substitute powers because of 

its perfect consuming qualities and better by and large 

execution when contrasted with hydrocarbons fuel. The 

hydrogen has various great ignition attributes when 

consumed in interior burning (IC). Hydrogen's arrangement 

does exclude any carbon specie. 

Hydrogen additionally has a high fire speed. This implies 

that hydrogen motors can all the more intently approach the 

thermodynamically ideal motor cycle. The higher fire speed 

brings about a high pace of weight ascend in hydrogen-

powered motors; in this way, burning is practically prompt. 

The auto-start temperature of hydrogen is exceptionally high 

(858°K). This grants hydrogen to be more appropriate as a 

fuel for flash start (SI) motors. Besides, hydrogen's high 

auto-start temperature energizes the utilization of bigger 

pressure proportions. 

Hydrogen has following two issues when it is utilized in an 

inward burning motor:  

(1) An enormous volume is needed to store enough 

hydrogen to give a satisfactory running time for the vehicle. 

(2)The low energy thickness of a hydrogen-air combination 

lessens the force yield of the hydrogen-energized motor. 

Hydrogen has a little extinguishing separation, more modest 

than other traditional powers.  
1.4 REASON OF HYDROGEN BLENDING 

Because of the quick consumption of non-renewable energy 

sources and their negative impact on the climate, numerous 

specialists have invested significant energy into creating and 

acquainting elective transportation energizes with supplant 

ordinary powers, for example, fuel and diesel. 

1. Hydrogen is one of the most encouraging elective fills for 

inner ignition (IC) motors because of its constructive 

outcomes and its set number of negative impacts. Without 

carbon and sulfur the hydrogen-worked motor produces 

water as its principle ignition item 

2. Hydrogen has great properties as a fuel for inner ignition 

motors. Hydrogen has a wide combustibility range in 

correlation with every other fuel. Hydrogen additionally has 

a high fire speed. This implies that hydrogen motors can all 

the more intently approach the thermodynamically ideal 

motor cycle. The higher fire speed brings about a high pace 

of weight ascend in hydrogen powered motors; accordingly, 

burning is practically momentary. The higher fire speed and 

more extensive combustibility limits make hydrogen motors 

more effective in stop-and-begin driving. The high 

consuming pace of hydrogen creates high weights and 

temperatures during burning in chamber ignition while 

working in close stoichiometric blends. 

3. Hydrogen has high diffusivity; it rapidly spreads fuel 

spills, hence decreasing the blast risks related with hydrogen 

motor activity. Hydrogen has an extremely low thickness. 

4. In contrast with the fuel motor, the hydrogen motor had 

both a higher pace of weight rise and a higher most extreme 

weight in the chamber than did the gas motor in light of the 

fact that the hydrogen had an altogether higher consuming 

rate. The pinnacle pressure for hydrogen was progressed by 

3º wrench point when contrasted with the pinnacle pressure 

for gas in light of the fact that the hydrogen goes through 

quick burning. 

The design of the paper is as per the following.  

The initial segment examines the blending character of 

petroleum and hydrogen since it is critical to know in what 

proportion combination can be called homogenous.  

 

The subsequent part examines in-chamber burning qualities 

and cycles in a SI motor utilizing a 3D Model with 

Chemical Kinetics. Also in cylinder ignition measures in 

petrol motor powered with hydrogen. 

 LITERATURE REVIEW 

1. Hayder A. Alrazen , A.R. Abu Talib , K.A. Ahmad 

et.al-  - Numerical recreations were led on a Ricardo Hydra 

diesel motor which is single chamber motor and uses direct 

infusion technique. This investigation was performed by 

utilizing a two-dimensional CFD code to look at the ignition 

attributes and outflows of a diesel motor in diesel CNG and 

dieseleH2 double fuel tasks, just as in the diesel eCNGeH2 

tri-fuel activity at different air-fuel proportions. The 

outcomes demonstrate that the pinnacle in cylinder weight 

and pinnacle temperature were expanded with the expansion 

of vaporous fills at low and medium estimations of 

surpasses air. Contrasted and DieseleH70eN30 for tri-mode 

and DieseleH2 for double mode, it is seen that there were no 

consequences for the pinnacle temperature at high surpass 

air. At 2.4 surpass air, the pinnacle pressure increments by 

methods for adding the cut off estimation of hydrogen, for 

example, H30eN70 and H50eN50, to CNG and it starts to 

diminish with H70eN30 and H2eDiesel activities. 

DieseleH2eCNG activities decline CO/CO2 emanations 

contrasted and Diesel CNG activity and lessening NO 

discharge contrasted and DieseleH2 activity at each surpass 

air. The decrease in CO/CO2 outflows was proposed at high 

hydrogen portion in CNG (H70eN30) with all surpasses air 

while low hydrogen division in CNG (H30eN70) can curb 

uncontrolled hydrogen burning and further breaking point 

the addition of NO emanation.  

2. Dinesh Kumar Soni , Rajesh Gupta et.al-  

The current examination works out a two-stage technique to 

accomplish more significant level of discharge decrease to 

meet more severe outflow standards. In the main stage, an 

ideal mix of diesel methanol fuel has been resolved utilizing 

mathematical recreation to give greatest conceivable NOx 

and residue decrease. In the following stage, mathematical 

recreation has been performed by three distinct strategies for 

discharge decrease to be specific through variety of twirl 

proportion, variety in amount of distribution of fumes gases 

in Exhaust Gas Recirculation (EGR) method lastly by 
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methods for adding water in different extents to a similar 

ideal diesel methanol mixed fuel to get further decrease of 

emanation. The mathematical recreation has been performed 

on a solitary chamber Kirloskar diesel motor (model TV1) 

utilizing financially accessible CFD programming AVL 

FIRE. Reenactment beginning with the ideal diesel–

methanol mix as the base fuel, impacts of twirl proportion; 

1.0,1.3,1.6 and 2, rate EGR differed somewhere in the range 

of 10% and 20% and expansion of water to the base fuel in 

the proportion of 5%, 10% and 15% by volume on outflow 

are investigated. Results demonstrate that water mix 

technique will in general lessen NOx discharge by 95% and 

ash by 14% as for outflows of base fuel.  

 
 OBJECTIVE AND PROBLEM FORMULATION. 

Several studies have aimed to convert diesel or petrol 

engines to dual- or tri-fuel engines to improve their fuel 

economy and reduce the emissions from diesel engine; 

however, most of these studies do not consider enhancing 

the homogeneity of fuel mixtures inside the engine and 

accurately controlling the air fuel ratio. In this study, a new 

air-fuel mixer will be investigated. The proposed air-

gaseous fuel mixer design will be conceived to be suitable 

for mixing petrol charge and a blend of hydrogen gas that 

gives homogenous mixtures with high uniformity index and 

also to be easily connected with an Electronic Control Unit 

(ECU) for controlling accurately the air-gaseous fuel ratio 

for different engine speeds. 

For optimizing the homogeneity in the mixer (after 

carburetor), for blend  

a)90-10  b) 85-15 c) 80-20 

Density, Turbulent kinetic energy, O2 mass fraction and 

pressure  

For optimizing the combustion efficiency after the mixer (in 

combustion chamber), for blend  

a) 90-10  b) 85-15 c) 80-20 

Total Energy, static Temperature, static Pressure and 

velocity magnitude during combustion will be investigated 

METHODOLOGY 

With the presence of computerized PCs, it's gotten 

achievable to recreate an enormous kind of designing issues. 

The first in style method utilized might be a limited 

component/volume examination (FEA) that has 

demonstrated prospering in displaying assortment of time 

mechanics issues (Segerlind 1984). For the most part, this 

method includes the discritization of an applicable area, just 

as the surface and inside, and accordingly the ulterior goal 

of condition sets got from the administering differential 

conditions. This strategy is utilized with pleasant 

accomplishment in an extremely wide assortment of 

designing issues, especially with enormous scope 

frameworks. Nonetheless, the discritization of the total area 

will manufacture this technique improper for breaking down 

multi-stage stream, especially if the goal of the stage limit is 

fundamental to the appropriate response (Beer and Watson 

1992). With partner degree recreation the actual standards 

should be communicated in a worthy sort. Here the essential 

standards of mechanics zone unit recorded, explicitly with 

pertinence the BEM. this can be given in order to layout the 

numerical effect of abuse potential stream hypothesis to 

display the extension and breakdown of fume holes. 

4.1 PART 1 :- FOR MIXING  

4.1.1 PRE-PROCESSING  

4.1.2 CAD MODELLING  

Creation of CAD Model by exploitation CAD modeling 

tools for making the pure mathematics of the part/assembly 

of that we wish to perform FEA.CAD model could also be 

second or 3d. 

 

 

Figure 4. 1- Cad model of piston cylinder arrangement. 

 

The geometry clearly shows that the model designed is a 

two piston cylinder arrangement above mixing chamber. 

From inlet 1 Hydrogen in fixed quantity and from inlet 2 

petrol would be injected with variably defined pressure. 

4.1.3 MESHING  

Meshing may be a essential operation in CFD. During this 

operation, the CAD pure mathematics is discretized into 

massive numbers of little component and nodes. The 

arrangement of nodes and component in house in a very 

correct manner is named mesh. The analysis accuracy and 

period depends on the mesh size and orientations. With the 

rise in mesh size (increasing no. of element), the CFD 

analysis speed decrease however the accuracy increase.  

Type of Solver: select the problem solver convergent thinker 

for the matter from Pressure primarily and density based 

solver. Physical model: select the desired physical model for 

the matter i.e. laminar, turbulent, energy, multiphase, etc. 

Material Property: select the fabric property of flowing 

fluid. Boundary Condition: outline the specified condition 

for the matter i.e. velocity, mass rate of flow, temperature, 

heat flux etc. 



Advanced Numerical Study For Optimization of Petrol-H2-Air Mixer For Internal Combustion Engine 

8 

 

Figure 4. 2 – Messing of cad model 

Nodes 491518 

Elements 1444078 

Element Type Planer 

Mess / Element Size 3.21 X 10-3 

 

4.1.4 PROCESSING 

Fluent setup: After mesh generation define the following 

setup in the Ansys fluent. 
Problem Type: 2D axisymmetric 

Type of Solver:  Pressure-based solver. 

Physical model: Viscous: K, epsilon two equation 

turbulence model. 

Use P1, Finite rate/ Eddy dissipation model 

Material Property: Flowing fluid is H2 and Petrol 
Density of H2 = 0.082 kg/m3 

Density of petrol = 719.7 kg/m3 

Viscosity H2 = 0.84 e-05 

viscosity of petrol= 0.006 e-05 

Boundary Condition:  

Operating Condition: Pressure = 101325 Pa 

 

Variables petrol H2 

Ma 3.0 1.0 

U (m/s) 750 1300 

T (K) 340 250 

P (Pa) 101325 101325 

YO2  0.232 0 

YN2 0.736 0 

YH2O 0.032 0 

YH2 0 1 

Mass flow rate (kg/s) 2.5 0.02 

4.1.5 . SOLUTION: 

Solution Method:  

Pressure- velocity coupling – Scheme -SIMPLE 

Pressure – Standard 

Momentum – Second order 

Turbulent Kinetic Energy (k) Second order 

Turbulent Dissipation Rate (e) Second order  

Solution Initialization: Initialized the solution to get the 

initial solution for the problem and the finding the 

mixing effectiveness in all the three blends. 

4.2 PART 2 :- FOR COMBUSTION 

For combustion a combustion chamber is designed on 

NX 0.14 and further analyzed on ANSYS fluent 

 

4.2.1 CAD MODEL:- 

 
Figure 4. 3 – Cad model of combustion chamber 

4.2.2 MESHING  

 

 
Figure 4. 4 – Meshing of combustion chamber cad model 

No. of Nodes:- 67425 

 Element:- 44185  

Element Type: - Planer  

Mess / Element Size:- 3.01 X 10-3 

4.2.3 MATERIAL- AFTER MIXING 

1. Mixing law is used.  

2. Thermal conductivity: - Define two polynomial 

coefficients 

(a) 0.0076736 (b) 5.8837*10-5  

3. Polynomial coefficient for viscosity  

 

(a) 7.6181e-06 (b) 3.2623e-8  

4. For absorption coefficient take wsggm domain.  

5. Scattering coefficient is 1e-9.  

6. Define molecular weight is 16.313 and -10629e+8  

Standard state enthalpy for fuel under material type mixture.  

4.2.4 BOUNDARY CONDITIONS 

I) Velocity inlet: - select velocity profile U for axial 

velocity and velocity profile W for swirl velocity turbulence 

intensity is 17% and turbulence length scale is 0.0076 a. 

Temperature 312K  

Condition of velocity inlet  

a. Temperature 312K  

b. Mass fraction for O2 is 0.2315  
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II) Velocity inlet:- 

a. Radial velocity is 157.25 m/sec  

b. Turbulence intensity 5 %  

c. Turbulence length scale is 0.0009  

d. Temperature 308 k  

e. Species: - mass fraction for fuel is 0.97 and for CO2 is 

0.008.   

III) Out flow :- 
a. 5% is back flow turbulent intensity  

b. 0.6 m back flow hydraulic diameter  

c. Temperature is 1300 k mass fraction for o2 is 0.2315  

   

Condition for Pressure Outlet:- 

Wall Zone  

Name  

Temperature  

(K)  

Internal  

Emissivity  

Wall-6  1370  0.5  

Wall-7  312  0.6  

Wall-8  1305  0.5  

Wall-9  Temp profile t  0.6  

Wall-10  1100  0.5  

Wall-11  1273  0.6  

Wall-12  1173  0.6  

Wall-13  1173  0.6  

4.2.5 SOLUTION  

Solution Method  

1. Coupled  

2. Presto model is used:-  

Presto model is often used for buoyant flows where velocity 

vector near walls may not align with the wall due to 

assumption of uniform pressure in the boundary layer so 

pres to can only be used with quadrilateral or exhahyderal . 

 

Pseudo transient is enabled for meshes 

1. 0.1 time scale factor of turbulent kinetic energy and 

turbulent dissipation rate  

2. Time scale factor of species and energy is 10  

   

NOTE: -Higher time scale size is used for the energy and 

species equation to converge the solution in less number of 

iterations. 

 

Solution Initialization: - The solution is initialized  

Run Calculation: -Start the calculation for1000 iterations.  

 
Results 

After analysis as per defined in methodology following results are 

drawn out:- 

5.1 PART 1 MIXING 

5.1.1 Case 1 :-  a)90-10 (petrol- hydrogen) 

 

 
Figure 5. 1 – Density contour of 90:10 (petrol –Hydrogen) 

mixture  

 
 

Figure 5. 2 – Mass Fraction contour of 90:10 (petrol –

Hydrogen) mixture 

 

Figure 5. 3 – Pressure contour of 90:10 (petrol –Hydrogen) 

mixture 

 

Figure 5. 4 – Turbulence kinetic energy contour of 90:10 

(petrol –Hydrogen) mixture 

5.1.2 Case-2 :-  85-15  (petrol- hydrogen)  
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Figure 5. 5 – Density contour of 85:15 (petrol –Hydrogen) 

mixture 

 
Figure 5. 6 – Mass Fraction contour of 85:15 (petrol –

Hydrogen) mixture 

 
Figure 5. 7 – Pressure contour of 85:15 (petrol –Hydrogen) 

mixture 

 

Figure 5. 8 – Turbulence kinetic energy contour of 85:15 

(petrol –Hydrogen) mixture 

5.1.3 Case-3 :-  80-20 (petrol- hydrogen) 

 

 
Figure 5. 9 – Density contour of 80:20 (petrol –Hydrogen) 

mixture 

 
Figure 5. 10 – Mass fraction contour of 80:20 (petrol –

Hydrogen) mixture 

 
Figure 5. 11 – pressure contour of 80:20 (petrol –Hydrogen) 

mixture 

 
Figure 5. 12 – Turbulence Kinetic Energy contour of 80:20 

(petrol –Hydrogen) mixture 
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  Density 
O2 mass 

fraction 
Pressure 

Turbulence 

kinetic 

energy 

90-10 

(petrol- 

hydrogen) 

1.118 

e+000 

2.062 e-

01 

1.428 

e+02 
5.137 e+01 

85-15  

(petrol- 

hydrogen)  

1.121 

e+000 

2.661e-

01 

7.845 

e+01 
6.284 e+01 

80-20  

(petrol- 

hydrogen)  

1.118 

e+000 
2.8e-02 

2.797 

e+01 
6.176 e+01 

 

Table 5.1 – Result of Homogenous Mixing   

5.2 PART 2 FOR COMBUSTION 

 
Figure 5. 13- Static Pressure contour of combustion 

5.2.1 Case 1 :-  a) 90-10 (petrol- hydrogen) 

 

 
Figure 5. 14 - Static Temp contour of 90:10 (petrol 

Hydrogen) Mixture 

 

 
Figure 5. 15- Total Energy contour of 90:10 (petrol 

Hydrogen) Mixture 

 
Figure 5. 16 – Velocity Magnitude contour of 90:10 (petrol 

Hydrogen) Mixture 

5.2.2 Case 2 :-  a)85-15 (petrol- hydrogen) 

 
Figure 5. 17 – Static Temperature contour of 85:15 (petrol 

Hydrogen) Mixture 

 
Figure 5. 18 – Total Energy contour of 85:15 (petrol 

Hydrogen) Mixture 

 
Figure 5. 19 – Velocity Magnitude contour of 85:15 (petrol 

Hydrogen) Mixture 
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5.2.3 Case-3:- 80-20 (petrol- hydrogen) 

 
Figure 5. 20 – Static Temperature contour of 85:15 (petrol 

Hydrogen) Mixture 

 
Figure 5. 21 – Total Energy contour of 85:15 (petrol 

Hydrogen) Mixture 

 
Figure 5. 22 – Velocity Magnitude contour of 85:15 (petrol 

Hydrogen) Mixture 

Fuel mix 

(petrol-

hydrogen) 

Temperature 

(K) 

Total 

energy 

(j/kg) 

Velocity 

(m/s) 

90-10 7.48E+02 2.00E+05 7.35E+01 

85-15 8.20E+02 2.20E+05 6.95E+01 

80-20 8.82E+02 2.40E+05 6.31E+01 

 

Table 5.2 –Result of Combustion  

CONCLUSION 

In this study we have compared the simulation results of 

blending and combustion of petrol and hydrogen for internal 

combustion engine. For this objective we have simulated in 

two parts (ie) mixing and combustion of blends  a)P90- H10  

b) P85-H15 c)P 80-H20  and investigated the results like 

Temperature, Total energy, mass fraction of O2, turbulence 

kinetic energy and pressure. By considering different 

parameters and boundary condition for simulation on 

ANSYS fluent. We get the results of different physical 

values and contour images. According to the results we see 

the homogeneity in the mixer (before carburettor), and Total 

Energy, static Temperature during combustion are 

maximum for blend P 80-H20  
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