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Abstract— The Rocket nozzle is a device which is used to 

exhaust the gas for propulse the rocket forward and used to 

control the rate of flow, speed, direction and pressure of 

stream that exhaust through it. The various type of nozzle is 

used for rockets depending on the mission requirement. This 

project contains analysis over a convergent divergent nozzle 

with reduction of divergent section of a nozzle to perform 

thrust augumentation process. The aim of this project is to 

increase thrust and reduction of divergent section of a nozzle. 

Also, the various contours of nozzle like Cell Equiangle 

skew, Cell Reynolds number, Pressure, Velocity, Mach 

Number, and above are calculated at each type of mesh using 

CFD analysis software ANSYS Fluent. 
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I. INTRODUCTION 

Nozzle is a tube which has a capacity to convert the thermo-

chemical energy generated in the combustion chamber into 

kinetic energy. Nozzle flow always generates forces 

associated to the change in flow momentum, as we can feel 

by handholding a hose and opening the tap 

A. Analysis of Gas Flow in De Laval Nozzles 

The analysis of gas flow through de Laval nozzles involves a 

number of concepts and assumptions: 

 For simplicity, the gas is assumed to be an ideal gas. 

 The gas flow is isentropic (i.e., at constant entropy). As 

a result, the flow is reversible (frictionless and no 

dissipative losses), and adiabatic (i.e., there is no heat 

gained or lost). 

 The gas flow is constant (i.e., steady) during the period 

of the propellant burn. 

 The gas flow is along a straight line from gas inlet 

to exhaust gas exit (i.e., along the nozzle's axis of 

symmetry) 

 The gas flow behaviour is compressible since the flow is 

at very high velocities (Mach number > 0.3). 

B. Exhaust gas velocity 

As the gas enters a nozzle, it is moving at subsonic velocities. 

As the throat contracts, the gas is forced to accelerate until at 

the nozzle throat, where the cross-sectional area is the 

smallest, the axial velocity becomes sonic. From the throat 

the cross-sectional area then increases, the gas expands and 

the axial velocity becomes progressively more supersonic. 

The linear velocity of the exiting exhaust gases can be 

calculated using the following equation. Some typical values 

of the exhaust gas velocity ve for rocket engines burning 

various propellants are: 

 1,700 to 2,900 m/s (3,800 to 6,500 mph) for 

liquid monopropellants, 

 2,900 to 4,500 m/s (6,500 to 10,100 mph) for 

liquid bipropellants, 

 2,100 to 3,200 m/s (4,700 to 7,200 mph) for solid 

propellants. 

The pressure drops in a convergent nozzle because of 

the Bernoulli Principle. 

 A nozzle is a spout on the end of a hose or pipe used to 

control the movement of a fluid like water or air. A 

convergent nozzle is a nozzle that starts big and gets 

smaller-a decrease in cross-sectional area. As a fluid 

enters the smaller cross-section, it has to speed up due to 

the conservation of mass. To maintain a constant amount 

of fluid moving through the restricted portion of the 

nozzle, the fluid must move faster. 

 The energy to make this fluid speed up has to come from 

somewhere. Some energy is in the random motion of 

molecules, which we observe as pressure. The energy in 

this random motion is converted into faster forward 

motion, known as stream flow. This change makes the 

pressure drop. 

C. CFD Analysis 

Computational Fluid Dynamics (CFD) is a tool with amazing 

flexibility, accuracy and breadth of application. But serious 

CFD, the kind that provides insights to help you optimize 

your designs, could be out of reach unless you choose your 

software carefully. To get serious CFD results, you need 

serious software. ANSYS CFD goes beyond qualitative 

results to deliver accurate quantitative predictions of fluid 

interactions and trade-offs. These insights reveal unexpected 

opportunities for your product opportunities that even 

experienced engineering analysts can otherwise miss. 

II. METHODOLOGY & IMPLEMENTATION 

A. Modelling 

The Geometry of the nozzle was created using FEA software. 

 
Fig. 1: Covergent-Divergent Nozzle 

III. MESHING 

Meshing is a general-purpose, intelligent, automated high-

performance product. It produces the most appropriate mesh 

for accurate, efficient multi physics solutions. A mesh well 

suited for a specific analysis can be generated with a single 

mouse click for all parts in a model. Full controls over the 

options used to generate the mesh are available for the expert 
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user who wants to fine-tune it. The power of parallel 

processing is automatically used to reduce the time you have 

to wait for mesh generation. Kazuyo Okubo, Toru Fujii, Yuzo 

Yamamoto, “Development of Bamboo Based Polymer 

Composites and their mechanical properties” ELSEVIER 

SCIENCEDIRECT,2003 

IV. REFERENCE DESIGN PARAMETERS 

Inlet diameter 25mm 

Throat diameter 10mm 

Exit diameter 35mm 

Pressure 145 Pa 

Table 1: 

A. Reference Results 

1) Velocity 

 
Fig. 2: Velocity=2.477m/s 

2) Total Pressure 

 
Fig. 3: Pressure=6.97*10̂ 5 Pa 

B. Element Volume Ratio 

 
Fig. 4: Element Volume Ratio =1.476 m 

V. DESIGN PARAMETERS: (MODIFIED DIMENSIONS) 

Inlet diameter 25m 

Throat diameter 20m 

Outlet diameter 45m 

Pressure 145Pa 

Table 2 

A. Result Analysis: (Modified Dimensions) 

1) Velocity 

 
Fig. 5: Velocity = 910 m/s 

2) Total Pressure 

 
Fig. 6: Pressure = 1.873*10̂ 4 Pa 
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3) Element Volume Ratio 

 
Fig. 7: Element Volume Ratio:1.771 m 

B. Comparative Data 

Properties 
Reference 

nozzle 

Modified 

nozzle 

Presure 6.974*10̂ 5Pa 1.873*10̂ 4 Pa 

Velocity 2.477 m/s 9.10*10̂2 m/s 

Element volume 

ratio 
1.476 m 1.771 m 

Table 3: 

C. Comparative Graph 

1) Mass & Momentum 

 
Fig. 8: Reference Nozzle Mass & Momentum 

 
Fig. 9: Modified Nozzle Mass & Momentum 

2) Turbulence 

 
Fig. 10: Reference nozzle turbulence 

 
Fig. 11: Modified nozzle turbulence 

VI. CONCLUSION 

As per the modification the thrust produced by an engine can 

be increased and the stability of mesh can be improved by this 

modification. The result of this project is the velocity, thrust, 

mesh stability will be increased and the pressure will 

decrease. Due to this extension of divergent section of a 

nozzle will show the results as increment of thrust, velocity, 

mesh concentrations. 
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