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ABSTRACT: A nozzle is a device that is used to provide the way and direction to gases to come out of the 

combustion chamber. The nozzle is a device that is used to convert pressure and thermal energy into useful kinetic 

energy. A rocket nozzle can be used to manage and control the speed flow of pressure and steam being exhausted 

.rocket nozzle purpose is to convert high pressure, high-temperature gas into a high velocity, low temperature, and 

pressure. This paper had an analysis of the flow in the nozzle using the software ANSYS 16. The study is being 

carried out to have knowledge about flow inside the nozzle when the divergent section of the nozzle is being 

diverted or change to a certain angle using 2-d modeling to carry out the result and effects of the nozzle. The angle 

will make the effect on all the aspects of nozzle such as Mach number, static pressure, velocity, and temperature. 

The throat and inlet diameter of supersonic begin remain the same. 
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INTRODUCTION 

Nozzle being present in  a different device such as rocket. The supersonic nozzle is present in a rocket that works 

on the principle of Newton's third law (every action has an equal and opposite reaction ). Rocket engines obtain 

thrust mainly because of the combustion inside the combustion chamber of the nozzle. Rocket   engine ejecting 

mass outward   by the theory of Newton's third law. The fluid is generally gas that makes the high-pressure 

propellant inside the combustion chamber. The high-pressure propellant is a pass to the nozzle which passes heat 

energy at an accelerated speed which against the ground ( which is a reaction) and therefore it pushes the rocket 

against the direction on the ground (upward direction). The main function of the nozzle to accelerate gases that 

coming out of the exhaust. A vehicle propelled by a rocket engine is known as rockets. The divergent angle of a 

nozzle optimally considered to overcome the shock and flow separation at the wall. Therefore in this paper, we 

overcome the problem numerical value using ANSYS 16. 

The fig1.4 given below explains the different parts of the supersonic nozzle such as 

a)combustion chamber,  b)injection (inlet), c) outlet (exhausting the heat and gas ), d) Thorat  (where mach 

number value is zero) 
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Literature review of rocket nozzle and basic design 

Literature review of rocket nozzle and basic design 

Laval nozzle is one of the most efficient nozzles presents which is the first narrow increasing the speed of the gas 

present in it as area decrease the pace of  propellent increase .the shape of the nozzle is an important process in the 

expansion process. Here we have used the optimal divergent part with a different angle to maximize the speed and 

velocity of gas which exhausts out of the rocket nozzle. the inlet and boundary condition is kept at the constant 

position where it variable is the divergent part of the nozzle  .paper has done do study the behavior fluent coming 

out nozzle affect Mach number, temperature, static pressure, and velocity, etc 

 

Measurements of unit and dimension 

1. Inlet diameter:  60mm, 2ition.Outer diameter: 80 mm, 3.convergent Angle: 35 degree, 4. Length of 

Nozzle: 225mm, 5.Mass flow Rate: 820, 6. Divergent angle: 15 degree, 7. Inlet temperature: 3300 
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Boundary condition 

1. Axis - Axis boundary condition Wall - Wall 2.boundary condition –No-slip condition 3. idel gas as fluent 

The Principle, Procedure, and Design 

Study of the being carried on numerical and experiment analysis using the Navier stroke equation. 

Expansion ratio and other boundary conditions are being taken on a basis literature survey. The process is 

done using the computation work on ANSYS 16. A convergent-divergent nozzle contour can be explained by 

following the equation 

A=0.1+2X ;  (-0.5<X<0.5)  where A=cross sectional Area of nozzle(square meter) and     

X=axial distance from throat that varies   

 Nozzle contour has drawn using the above equation for analysis the ANSYS 16 software is being considered. The 

mathematical model consists of the differential equation which governs the character of the system along with the 

boundary condition to start ANSYS 16 it is compulsory to check the meshing is correct so we have chosen the 

defined model and the boundary condition we also deal with energy equation which is used govern the nozzle and 

the fluent to flow. Nozzle show flow to convergent to the throat and from thorat to the divergent area where 

changing the angle used to get a different result. As nozzle diverges flow will increase due to design and once the 

flow exit from divergent part the flow become supersonic .supersonic flow is being calculated using equation  

dA/A=(M^2-1 ) du/u  

The procedure of the whole analysis is as follow: 

 

 

Check of Meshing and Scaling 

Solvers and Material Selection  

Boundary Condition  

Controls Set-Up and initilization 

Plotting of Contours and Graphs  
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Result and discussion 

 

Fig 2 

Static pressure (fig2) showing a contour provides information as we move left to right part( convergent to 

divergent part)  of nozzle we will see a decrease of static pressure .At inlet ,static pressure is 1.59e+0.5 and exit 

2.50e+0.5 whereas at throat it is 1.02e+0.5. 

 

Fig 3 

As we see above the Mach number has a marginal increase of 0.28 from the inlet of the nozzle to the outlet of 

nozzle, which helps the device to increase the velocity at exit due shock. At the inlet, velocity is without   the shock, 

due which velocity remain less as compare to outlet speed of the fluent 
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Conclusion 

With help of the model, we can see different parameters showing the same characteristic due to shock the velocity 

increase of fluent inside the nozzle when it moves out of the divergent part of the nozzle and become supersonic 

.mach number contour effect simulation also shows an increase of velocity at exit nozzle. And it gives validation by 

even restriction the nozzle show acceptable result. 
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