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Abstract- Fuel injection is the most important part of 

the fuel injection system that is the coronary heart of 

the diesel engine. The fuel injection works under the 

very terrible conditions, exchange liquid load, 

mechanical load and thermal load included, over 

extended time period. The fuel injector is playing 

essential function in engine combustion. So, in this 

fuel injector nozzle is spraying the gas into 

combustion at high pressure bar. Right here we are 

making small modifications within the nozzle The 

diameter of nozzle is having very small in micro stage 

holes so right here we are converting these micro 

stage holes into Nano degree holes in order that the 

overall performance within the injection of fuel into 

engine might be differ from the micro holes, so that 

the fuel performance and NOx reduction from the 

engine could be decreased And the fuel injector is 

taken from the dual cylinder engine of a tractor, so 

on this we more often than not want the nozzle and 

its dimensions and the holes dimensions are referred 

to for designing the nozzle. The fuel injection nozzle 

comes under the function of the high pressure of the 

fuel even as the fuel injector is injecting, even as the 

pressure of the fuel within the fuel injection may be 

very low when the injection is give up. The liquid 

loads the fuel injection receives is trade. The needle 

valve moves upon the valve seat periodicity while the 

injector is running generally which means the 

mechanical load the fuel injection endures is 

variable Under long term exposure to the high-

temperature fuel inside the cylinder, the temperature 

of the external surface of the gas injection 

continually reaches up to 200-300 now and again 

even higher. It is obviously significant to analysis the 

fatigue strength of the fuel injection running under 

the coupling of quite a few complicated and 

alternating loads. In this project we can create a 

fuel injector model in CATIAV5 software premium 

2014 with wide spread dimensions. And we can carry 

out a fatigue analysis at the fuel injector model in 

CATIAV5 software by this we can recognize the 

failure criteria of the version against the excessive 

electricity loads. Failure standards are being 

calculated according to the obtained factor of safety. 

 

• INTRODUCTION 

 

A modern -edge aero engine is able to running 

efficiently with low exhaust gas emissions over a 

extensive working range. This is thanks to strategies 

which encompass turbo charging, EGR, charge air 

cooling and a complicated fuel injection process. The 

fuel injection procedure is important for the 

combustion and emission formation within the aero 

engine. The gas injector has to atomize and vaporize 

the gas as it is injected. Sooner or later of the 

combustion the emission formation has to be saved to 

a minimal. Very strong pressure is determined in a 

modern-day aero injection nozzle; this reasons 

cavitations to arise inside the nozzle holes. The impact 

of cavitations on flow parameters together with the 

numerous discharge coefficients is discussed. The 

prevalence of cavitations enables the spray split and it 

can maintain the nozzle holes unfastened from 

deposits. Immoderate quantities of cavitations can lead    

to whole erosion and for that reason impact the long-

time operation of the nozzle in a terrible way. Whole 

erosion in addition to different mechanisms can cause 

hollow to hollow variations in gasoline spray impulse, 

mass waft, penetration etc. This is a completely crucial 

trouble in any low emission diesel engine, in 

particular in the course of transients, as less than 

gold standard conditions ought to be treated. They have 

an effect on of hollow-to-hollow variation on fuel 

consumption and emissions aren’t always very widely 

recognized and this thesis contributes to the sector. As 

part of these paintings a fuel spray momentum 

dimension device turned into evolved and tested. Any 



© JUL 2021 | IRE Journals | Volume 5 Issue 1 | ISSN: 2456-8880 

IRE 17028012          ICONIC RESEARCH AND ENGINEERING JOURNALS 41 

automobile engine desires so as to perform brief 

transitions between one-of-a-kind loads and speeds, so 

called transients. In a turbocharged diesel engine with 

EGR problems associated with the turbocharger and 

the EGR circuit arise. A diesel engine has to run with 

a air excess for you to acquire complete combustion 

with low emissions of soot. Whilst turbo charging is 

used the turbocharger turbine makes use of some of the 

exhaust enthalpy to force the faster compressor, on this 

way the engine is supplied with improve strain. So as 

for the engine and turbocharger to function on the 

higher load and consequently better mass waft fee the 

turbocharger has to growth its rotational velocity and 

the floor temperatures must settle at a brand-new 

thermodynamic country. Both of those strategies take 

time and in the course of this time the combustion 

manner may additionally need to continue beneath less 

than foremost occasions due to the low boost pressure 

Nozzle is the component of a Missile, Rocket or air-

breathing Engine that Produces thrust. Converting the 

thermal energy of the recent Chamber gases into 

Kinetic power and directing that electricity alongside 

the Nozzle axis, as illustrated under, accomplish this. 

The propellant consists of a fuel, typically liquid 

hydrogen (H2), and an oxidizer, usually liquid oxygen 

(O2). The propellant is pumped into a combustion 

chamber at some rate (m) in which the gas and oxidizer 

are blended and burned. The exhaust gases from this 

method are pushed into the throat region of the nozzle. 

For the reason that throat is of less go-sectional place 

than the rest of the engine, the gases are compressed 

to a high stress. The nozzle itself regularly will 

increase in cross-sectional region allowing the gases 

to extend. Because the gases that, they push in 

opposition to the partitions of the nozzle growing 

thrust. Mathematically, the ultimate purpose of the 

nozzle is to extend the gases as efficaciously as viable 

on the way to maximize the exit speed (v exit). This 

system will maximize the thrust (F) produce by way of 

the system since they are immediately associated with 

the aid of the equation. 

 

• EXPANSION AREA RATIO 

 

In theory, the simplest crucial parameter in missile 

nozzle design is the growth place ratio (e), or the 

Expansion area ratio (A go out) to throat location (A 

Throat). Fixing all other variables (often the chamber 

strain), there exists most effective one such ratio that 

optimizes universal system performance for a given 

altitude (or ambient pressure). 

 

However, a missile commonly does not tour at only 

one altitude. Therefore, an engineer has to be aware 

about the trajectory over which a missile is to tour in 

order that an growth ratio that maximizes performance 

over a number ambient strain may be decided on. 

 

Nevertheless, other factors must also be considered 

that tend to alter the design from this expansion ratio-

based optimum.   Some of    the issues Designers must 

deal with area nozzle weight, length, 

manufacturability, cooling (heat transfer), and 

aerodynamic characteristics. 

 

• MATERIAL 

 

As the nozzle is important   component of the missile. 

Fabric used to manufacture nozzle must possess 

excessive energy, high temperature resistant, top 

resistant. The nozzle additives are made from 18 Ni 

Merging steel 250 (ASTM A579 Code 72). This cloth 

used in annealed situation to gather excessive strength, 

accurate mach inability and withstand the immoderate 

temperature. Design consideration. 

 

• DESIGN CONSIDERATION 

 

Nozzle consists of three parts they           are: 

• Nozzle End dish 

• Nozzle neck 

• Nozzle cone 

Nozzle end dish is fixed to combustion chamber 

(schematic diagram of missile is shown in figure-1). 

So, the left end of the Nozzle end dish is constrained 

i.e., translation and rotational movements are arrested 

(ux=uy=uz=o). 

 

• PROBLEM SPECIFICATION 

 

Nozzle is attached to combustion chamber. It exerts 

high pressures and temperature. So, to detect the week 

the component and reduced the stress caused by these 

pressures. The total problem is concentrated at the 

critical part is the nozzle end dish. 
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• PRINCIPLES OF AERO PROPULSION 

 

Aero propulsion is a practical application of Sir Isaac 

Newton's third law of motion which states that, 'for 

each pressure acting on a frame there may be an 

opposite and identical reaction'. For plane propulsion, 

the 'body' is atmospheric air this is induced to 

accelerate because it passes through the engine. The 

pressure required to provide this acceleration has an 

equal impact within the contrary path acting on the 

apparatus generating the acceleration. A jet engine 

produces thrust in a similar manner to the 

engine/propeller combination. Both propel the plane 

by using thrusting a big weight of air backwards one 

within the shape of a big air slipstream at 

comparatively low pace and the other within the form 

of an aero of gasoline at very high velocity. This 

identical precept of reaction takes place in all 

varieties of motion and has been usefully carried out 

in many methods. The earliest regarded example of jet 

response is that of Hero's engine produced as a toy in 

120 B.C. This toy confirmed how the momentum of 

steam issuing from some of jets should impart a same 

and contrary reaction to the jets themselves, as a result 

causing the engine to revolve. The familiar whirling 

lawn sprinkler is a extra sensible instance of this 

principle, for the mechanism rotates by means of 

distinctive feature of the response to the water aero. 

The high stress jets of contemporary firefighting 

equipment are an instance of 'aero reaction', for often, 

because of the response of the water jet, the hose 

cannot be held or controlled by means of one fireman. 

Possibly the simplest illustration of this precept is 

afforded by using the carnival balloon which, whilst 

the air or gas is released, rushes hastily away within 

the path opposite to jet. 

 

 
Figure: 1. Propeller and aero engine propulsion 

 

Aero engine propulsion engine, whether rocket, 

athodyd, or turbo-jet, is a piece of apparatus designed 

to accelerate a stream of air or gas and to expel it at 

high velocity. There are, of course, a number of ways. 

 

 
Figure: 2. Aero engine - probably the earliest form         of 

jet reaction 

 

II. LITARATURE REVIEW 

 

The most important, difficulty with the diesel engines, 

due to gas distribution is non-uniform, and this reasons 

the combustion combination non-stoichiometric. 

Consequently, the combustion manner inside the DI 

diesel engine is heterogeneous in nature. It reasons 

the increase the emissions air. Liquid gas is injected 

through the nozzle via the gas injection system into the 

cylinder via the cease of compression stroke. The 

liquid jet leaving the nozzle becomes turbulent and 

spreads out as it entrains and mixes with the in- 

cylinder air. The outer surface of the fuel jet breaks 

up into droplets. The preliminary mass of gas will 

evaporates first thereby generating a gasoline vapor- 

air combination. Large droplets offer a higher 

penetration however smaller droplets are needful for 

quicker mixing and evaporation of the fuel. The 

sprayed fuel movement encounters the resistance 

from the dense in cylinder fluids and breaks into a 

spray. Further they vaporize and mix with compressed 

high temperature and high stress in-cylinder fluids. 

At this stage the in- c y l i n d e r  fluids have above 

the self-ignition temperature of the fuel. 

 

III. METHODOLOGY 

 

Aero engines performance and emission 

characteristics are largely governed by fuel 

atomization, that is definitely depend on the internal 

flow of nozzle injector. Fuel is injected in the cylinder 



© JUL 2021 | IRE Journals | Volume 5 Issue 1 | ISSN: 2456-8880 

IRE 17028012          ICONIC RESEARCH AND ENGINEERING JOURNALS 43 

at a very high pressure to improve the atomization and 

spray conduct of the fuel. Throughout the flow in 

injector the pressure electricity of the fuel receives 

transformed into the kinetic energy on the value of 

pressure energy. Due to the enormous fall within the 

pressure at the Inlet of the nozzle injector, cavitations 

phenomena occur. As we float toward the exit of the 

nozzle the cavitations phenomena decreases 

Cavitations can enhance spray breakup and enhances 

the overall performance of diesel injector systems. 

Additionally, development inside the overall 

performance of the combustion procedure is one of the 

advantages. A nicely- designed fuel injector facilitates 

in making sure short and entire combustion. With the 

assist of proper atomization of the gas into very tiny 

droplets, the floor region of the droplets increases. 

Therefore, better blending of air and fuel is achieved 

and consequently, subsequent combustion 

Atomization is the manner of pressurizing the fuel 

across a mini aperture. 

 

• Jet Fuel Thermal Stability: 

While jet fuel is an effective cooling medium, its heat 

sink abilities are restrained, in the main by way of the 

belongings referred to as thermal stability. When fuel 

is heated to excessive temperatures, which is known 

as being thermally stressed, chemical reactions take 

location in the gas that spoil it down and shape stable 

precipitates that are finally deposited onto the 

partitions of the fuel traces in a method called coking. 

If left unchecked, this may not simplest bring about 

severe harm to engine additives, however additionally 

reduce the effectiveness of heat transfer in the heat 

exchanges between the gasoline and engine 

components. 

 

• High Temperature Materials and Their 

Requirement: 

Recent developments in nuclear power, jet aircrafts, 

ballistic missiles and rocketry have increased the 

demand for materials that have good corrosion 

resistance, strength characteristics and particularly, 

creep resistance at high temperatures. 

 

High temperature use of materials can give rise to 

several problems such as: 

 

Accelerated oxidation and/ or corrosion 

• Creep 

• Grain boundary other weakening 

• Allotropic and other phase changes 

• Modification of conventional properties 

 

Therefore, the material for high temperature use must 

be such that it can withstand these difficulties and 

perform its functions satisfactory during service. The 

nozzle components are made of 18 Ni merging steel 

250 This material used in annealed condition to 

acquire high strength, good mach inability and resist 

the high temperature. The composition used for this 

material. 

 

IV. EXPERIMENTAL SETUP 

 

The experiment in particular contains the existing fuel 

injector handiest modal no DSLA146p994 which is 

used inside the aero engines. And this gas injector 

nozzle having 5 holes had been as in micro stage and 

its hollow dimensions approximately 0.2mm and its 

ordinary injector diameter is -0.262 and pressure on 

the -240bar, spray angle is -14, material used is steel. 

So right here we're designing the nozzle holes in 

Nano length with the aid of using the CATIAV5 

software program. Right here first we are going to 

design a nozzle that is already existed and the hole 

diameter can be design in Nano size hollow and after 

designing in Ansys we are able to take a look at the 

stresses and loads effecting in nozzle, then the fuel 

nozzle is analysis the gas glide stress pace and spray 

perspective it offers the end result of nozzle float 

through the cfd software. And then fabrication 

procedure could be accomplished in the stay task. The 

substances used to fabricate the nozzle are steel and 

Nano length holes can be completed with laser 

generation. The whole size is modified into 0.1mm 

after which after fabrication the nozzle is at once taken 

for checking out the fuel injector performance in 

engine. And before used nozzle is having the 

parameters like pressure bar and perspective of spray 

the entirety is modified hence then we are able to 

growth the pressure bar up to 2000 and above then gas 

spray angles changed then tested the performance of 

the gas injector nozzle in Nano length holes. This 

experiment is especially finished for the evaluation of 

fuel injector nozzle in Nano size. This Nano length 

holes are taken due to making use of the 
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nanotechnology inside the motor’s additives. So right 

here we've got taken the gas injector nozzle for the 

application. This is carried out for gas efficiency and 

as well as NOx reduction in the engine. These are the 

sum of techniques were used for doing this 

experiment, and additionally we can note some of the 

parameters effecting the combustion in engine and 

some variations in pollutants by way of NOx discount. 

 

 
Figure: 3. Fuel inject aero nozzle 

 

• METHODS OF AERO ENGINE PROPULSION: 

The types of aero engine, whether or not ram jet, pulse 

jet, rocket, gas turbine, turbo/ram jet or faster-rocket, 

fluctuate handiest within the way wherein the 'thrust 

company', or engine, materials and converts the power 

into energy for flight The ram jet engine is an athodyd, 

or 'aero-thermodynamic- duct to give it its complete 

name. It has no main rotating components and includes 

a duct with a divergent access and a convergent Jet 

propulsion is the propelling force generated inside the 

path opposite to the float of a mass of fuel or liquid 

under pressure. The mass escapes thru a hollow or 

commencing called a jet nozzle. The nozzle increases 

the velocity of the water, giving the term; a jet of water 

another instance of the idea of jet propulsion is an 

inflated balloon. With the opening in the balloon 

closed there is no movement because the stress of the 

gas inside the balloon is same in all guidelines. Whilst 

you allow the outlet to release the air the balloon 

movements its movements appear to be in all 

directions. However, it is always moving in the 

opposite direction from the open end where the air is 

exiting. 

 

 
Figure: 4. Balloon example of restricting jet 

propulsion 

 

 
Figure: 5. Balloon example of jet propulsion theory 

 

The quantity of warmth you may add is essentially 

dependent upon the strain of the air treated. A simple 

approach of elevating the strain is to bypass the air thru 

a DIVERGENT access nozzle. A divergent entry 

nozzle converts gaseous electricity from velocity to 

strain and temperature. This additionally gives an 

ahead strain wall for the jet to react. A 

CONVERGENT go out nozzle converts gaseous 

energy from stress and temperature to velocity. The 

simple fuel unit created has little sensible use due to 

the following: 

• Air compression depends solely on ram effect. 

• A limited amount of heat is added 

• Considerable heat is lost by radiation 

 

The next step is to improve the method of adding heat, 

through internal combustion shows a divergent- 

convergent duct. Fuel is injected and burned, 

releasing heat directly into the airstream. This simple 

“Aero Thermo Dynamic Duct. 
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Figure: 6. Aero jet engine structure 

 

• Aero engine operating conditions: 

 

The nozzle characterization under sensible motor task 

conditions was gone for delivering reference 

information for CFD dissipation display approval. In 

the analysis the rail weight, fuel temperature, and the 

gas weight and temperature in the chamber were 

acclimated to the proportionate motor working 

conditions. Spray perception test was done utilizing 

the accompanying single part fills and their blends: n-

hexane (high instability), iso octane (center 

unpredictability), n-decane (low instability), a two 

segment fuel blend signified by mixture2 (72.05% 

nhexane, 27.95% n-decane) and a three- segment fuel 

blend meant by mixture3 (35% n- hexane, 45% iso 

octane, 20% n-decane) The sythesis of the fuel blend 

is characterized with the end goal that the breaking 

point coordinates the center purpose of the typical gas 

fuel boiling bend keeping in mind the end goal to 

analyze their capacity of being utilized as model fuel 

to speak to the genuine gas fuel for numerical 

reproduction. What's more, try was likewise 

performed for ordinary gas fuel, ethanol and E 85. 

Some spray perception comes about under the 

stratified full load activity condition are shown in Figs. 

10-11, where P rail = 200 bar, T fuel = 70 °C, P 

chamber = 15 bar, and T chamber = 200 °C. The 

infusion time is 0.225 ms for all cases. 

 

V. GEOMETRIC MODELS 

 

 
Figure: 7. 2D drawing of the nozzle 

 
Figure:8. Nozzle view 

 

 
Figure: 9. Nozzle body 

 

 
Figure: 10. Nozzle pin. 

 

• MESHING: 

The Figure shown is the meshed model of rigid flange 

coupling in the ANSYS analysis for the static structural 

process. To analyze, the FEM triangular type of mesh 

is used for the rigid flange coupling in the ANSYS 

environment. 

• The number of elements used in this meshing is 

71441and the number of nodes is 122228.In this 

process regular type of meshing is done to analyze 

the process. 

• Using the working condition of the coupling a 

relative rotational movement between the shafts 
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comes into picture consequently. 

• The determination of the shear stress along the 

contact region is essential. So, the model is meshed 

and then analyzed to get the detail and authentic 

result of the stresses of the contact region. 

 

 
Figure: 11. Droplet nozzle top view 

 

 
Figure: 12. Heavy flow multi-hole spray flash 

meshing model 

 

 
Figure: 13: Spray flash droplet initial view. 

 

 
Figure: 14: Spray flash droplet meshed state. 

VI. RESULTS 

 

Nozzles are available a selection of shapes and sizes 

depending on the mission of the Aero engines, this is 

very important for the understanding of the 

performance characteristics of rocket. Convergent 

divergent nozzle is the maximum commonly used 

nozzle due to the fact that in the usage of it the 

propellant can be heated in combustion chamber. In 

this assignment the nozzle converting the exceptional 

nozzle parameters and one-of-a-kind fluids at 

exceptional velocities. 

 

• Injection Rate Measurement: 

The realized injection rate is one of the keys enter 

parameters for spray and typical combustion 

simulation. For the investigated multi-layer nozzles, 

where the nozzle holes are arranged on an top and a 

lower row, the general injection rate isn't always 

enough to explain the nozzle behavior as it can't be 

assumed that the injection charge is similar for holes 

of the upper and lower row. Especially for nozzle 

standards with various hollow-diameters for higher 

and decrease row and throughout the needle beginning 

segment a widespread difference in injection fee may 

be anticipated. In order to research the effect of multi-

layer nozzle ideas on spray propagation, the decrease 

chamber of the injection price size device is connected 

to an injection rate analyzer with excessive resolution 

information logging talents and a precise fuel mass 

size. A contrast of injected gas mass via higher and 

lower nozzle layer. 

 

• Fatigue analysis: 

The fatigue phenomenon shows itself in the form of 

cracks developing at particular locations in the 

structure. Cracks can appear in diverse types of 

structures such as: planes, boats, bridges, frames, 

cranes, overhead cranes, machines parts, turbines, 

reactors vessels, canal lock doors, offshore platforms, 

transmission towers, pylons, masts and chimneys the 

fatigue life of a member or of a structural detail 

subjected to repeated cyclic loadings is defined as the 

number of stress cycles it can stand before failure. 

Depending upon the member or structural detail 

geometry, its fabrication or the material used, four 

main parameters can influence the fatigue strength. 
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Figure: 15. Final view of aero engine nozzle 

 

 
Figure: 16. Vonmisses stress 

 

 
Figure: 17. Shear strain 

 

 
Figure: 18. Equivalent elastic strain 

 

 
Figure: 19. Counter of mass friction. 

 

 
Figure: 20. Mass friction pollutant view 

 

 
Figure: 21. Counter of mass friction 2 

 

Table 4.1 fuel injection aero engine nozzle analysis 

different variations 

Parameters Maximum Minimum 

total deformation 8.800e+003 7.700e+003 

von-mises stress 6.500e+003 5.700e+003 

shear stress 3.500e+001 2.500e+001 

Equivalent elastic 

strain 

1.200e+002 7.000e+001 
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Graph: 1. Aero engine nozzle analysis different 

variations 

 

CONCLUSION 

 

The fuel injector without delay injects gas into the 

direct fuel injection device. The injector is a very 

complicated component, and big research has been 

carried out to improve it. In my work indicating the 

development of fuel injector device to lessen chocking 

trouble that's generally take place in bio diesel engine. 

The injection nozzles and their respective nozzle 

holders are vitally vital additives located between the 

in-line injection pump and the diesel engine, its 

features are as metering the injection of gas, control of 

the gas, defining the fee- of-discharge curve, Sealing-

off in opposition to the combustion, chamber By 

observing the CFD analysis of diesel engine nozzle the 

stress, velocity, heat switch price and mass waft fee 

values are will increase through increasing the inlet 

velocities and lowering the nozzle dia. So, it could be 

concluded the aero engine nozzle efficiency have been 

more even as the nozzle dia. Decreases. Upgrades 

inside the fuel injection structures of internal 

combustion engines can substantially lessen the 

emission of harmful pollution. The fuel injection 

machine produces the spray, which directly affects the 

combustion of the gasoline, which in turn determines 

the production of pollution. But, the information of 

this causal relationship remains unclear. The goal of 

this project is to understand the flow inside fuel 

injector nozzles and the implications for the 

downstream spray. 
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