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 ABSTRACT 

This paper deals with experimental methodology in testing fuel injector nozzle in Nano size hole, the main 

objective is to test the nozzle in existing tractor engine for better efficiency of the engine and also fuel consumption 

of the vehicle .This nozzle is designed in CATIAV5 software, the internal fuel flow can be checked by ANSYS 

software and Analysis of fuel flow can be done in CFD for structural flow analysis. The injection pressure was 

changed by adjusting the fuel injector spring tension. Future emission legislation will require substantial reductions 

of NOx and Smoke emissions from diesel engines. The performance and emission characteristics were presented 

graphically to conclude that they were found better with 5 hole nozzle of Ø = 0.1 mm at the fuel injection pressure 

220 bar  for the  engine.  
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1. INTRODUCTION 

The fuel injector is playing a vital role in engine combustion. So in this fuel injector nozzle is spraying the 

fuel into combustion at high pressure bar. Here we are making small modifications in the nozzle. The diameter of 

nozzle is having very small in micro level holes so here we are converting these micro level holes into Nano level 

holes so that the performance in the injection of fuel into engine will be differ from the micro holes, so that the fuel 

efficiency and NOx reduction from the engine will be reduced. And the fuel injector is taken from the twin cylinder 

engine of a tractor, so in this we mostly need the nozzle and its dimensions and the holes dimensions are noted for 

designing the nozzle. Here the nozzle is designed in catiaV5 software. And we are analysing the pressure, velocity, 

loads from the nozzle in ANSYS software and therefore we will do fuel flow analysis through CFD software. After 

analysing in the nozzle in ANSYS and CFD we will take for testing in the tractor engine. Computational simulations 

were performed to study the effect of reduced nozzle-hole size and nozzle tip hole configuration on the combustion 

characteristics of a high speed direct injection diesel engine, Here we can test the nozzle by connecting to the fuel 

injector in tractor engine and we can see the flow of fuel and spraying of fuel into engine combustion chamber at 

high pressure bar, so that the performance of the nozzle can be checked. Then we can go for real time application in 

the fuel injectors in vehicles, for this we have to notice so many parameters and design parameters are very important 

in this experimental, When fuel injection pressure is low, fuel particle diameters will enlarge and ignition delay 

period during the combustion will increase. This situation leads to inefficient combustion in the engine and causes 

the increase in NOx, CO emissions. Engine performance will be decrease since combustion process goes to a bad 

condition. So for that we should increase the high pressure bar in fuel injection, so that the proper combustion will 

take place in engine. And here the holes are done by laser technology for nozzle. In this work the effects of fuel 

injection pressure and fuel nozzle holes are experimentally studied on performance and emission characteristics of 

twin cylinder engine of the tractor. 

Description: Today’s automobiles are very advanced in technology so in this paper we are going to take modified 

variations of a fuel injector performance through the nozzle design in Nano size. By this Nano size nozzle here we 

are having some parameters effecting the combustion in engine. In this we are taking IC engine which is used in 

tractors, here the fuel injector is five hole nozzle. So we are changing the hole dimensions and its design in the nozzle. 

This is done by using CATIAV5 software in system. Then the stresses, mass, everything can be checked in the Ansys 

software in system. Then the fuel flow analysis can be done in the CFD.  

Modelling Of Nozzle: 

 Analysis of Nozzle Analysis of the Nozzle is carried over in the following steps: 

 Building the Model: Where the geometry of nozzle is specified and model is created in CATIAV5R15 4.1.2. 

Applying the Load: This is carried out in ANSYS 

 Meshed model is imported to ansys and pressures are applied. 

 Viewing the Results: This is also carried out in ansys. In this we can view stresses and deformations. 4.2 

GEOMETRIC MODELLING: Modelling has been carried over in CATIA V5 software is very easy 

modelling critical components. CATIA is very user friendly and parametric. 

 Nozzle End Dish: Nozzle end dish is the critical part of the model. Nozzle end dish inner wall has two 

different curvature and outer wall with different curvature, where it becomes complicated to model.  

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: 
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 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 (ASTM A579 Code 72). This material used in annealed 

condition to acquire high strength, good machinability and resist the high temperature. The composition used 

for this material 

  
Figure.1. Fuel injector nozzle 

 

2. METHODS AND MATERIALS 

Experiment: The experiment mainly contains the existing fuel injector only modal no DSLA146p994 which is used 

in the IC engines .And this fuel injector nozzle having five holes were as in micro level and its hole dimensions 

approximately 0.2mm and its normal injector diameter is -0.262 and pressure at the -240bar,spray angle is -14, 

material used is steel. So here we are designing the nozzle holes in Nano size by using the CATIAV5 software. Here 

first we are going to design a nozzle which is already existed and the hole diameter can be design in Nano size hole 

and after designing in Ansys we will check the stresses and masses effecting in nozzle, then the fuel nozzle is analysis 

the fuel flow pressure velocity and spray angle it gives the result of nozzle flow through the cfd software. And then 

fabrication process will be done in the live project. The materials used to fabricate the nozzle is steel and Nano size 

holes can be done with laser technology. The hole size is changed into 0.1mm and then after fabrication the nozzle 

is directly taken for testing the fuel injector performance in engine. And before used nozzle is having the parameters 

like pressure bar and angle of spray everything is changed accordingly then we will increase the pressure bar up to 

2000 and above then fuel spray angles changed then compare the performance of the fuel injector nozzle in Nano 

size holes. This experiment is mainly done for the analysis of fuel injector nozzle in Nano size. This Nano size holes 

are taken because of applying the nanotechnology in the automobiles components. So here we have taken the fuel 

injector nozzle for the application. This is done for fuel efficiency and as well as NOx reduction in the engine. These 

are the some of methods have been used for doing this experiment, and also we can notice some of the parameters 

effecting the combustion in engine and some variations in pollution by NOx reduction.  

  
Figure.2. Fuel injector nozzle holes in micro level 

 

  
Figure.3. Nozzle hole angle designing 
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It is clearly seen the velocity is increasing along with the length of the nozzle. Due to shocking in the nozzle, 

the velocity decreased for a while but later began to increase as the fluid expanded through the divergent portion. 

Pressure gradually decreased along the length of the nozzle except a slight rise during the shocking. However, the 

rise was not significant comparing to the total fall in pressure. 

 
Figure.4.  Fuel flow analysis through nozzle 

Formulation using Ansys: Start> Programs> ANSYS Mechanical APDL Product Launcher Utility Menu> File 

>Change Jobname…> Enter ‘Pressure Vessel’ > OK Utility Menu> File>Change Title…> Enter ‘Stress Analysis of 

an Axisymmetric Pressure Vessel’> OK ANSYS Main Menu> Preferences> Preferences for GUI Filtering >Select 

‘Structural’ and ‘h-method’> OK 3.2 Enter the Preprocessor to define the model geometry Define Element Type 

(Axisymmetric Option) and Material Properties. ANSYS Main Menu>Preprocessor> Element Type> 

Add/Edit/Delete > Add…> Structural Solid Quad 8 node 82 (PLANE82) (define ‘Element type reference number’ 

as 1) > OK > Click Options…> Select ‘Axisymmetric’ for K3 (Element behavior)> OK > Close ANSYS Main Menu 

>Preprocessor> Material Props > Material Models > Double Click Structural> Linear > Elastic. 

  
Figure.5.  Flow analysis in Ansys software Figure.6. Pressure analysis 

 

3. RESULTS 

This nozzle is designed in CATIAV5 software, the internal fuel flow can be checked by ANSYS software 

and Analysis of fuel flow can be done in CFD for structural flow analysis. The injection pressure was changed by 

adjusting the fuel injector spring tension. Future emission legislation will require substantial reductions of NOx and 

Smoke emissions from diesel engines. 

4. CONCLUSION 

Here in this mainly we are analyzed the performance of the fuel injector nozzle in Nano size holes. IN this 

the nozzle is having higher pressure velocity and also the fuel consumption as well as the NOx reduction can be 

reduced in the engine and gives good accurate efficiency to the engine in the vehicle and here by the conclusion has 

been given for its better performance of the nozzle. 
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