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Abstract 

The exhaust nozzle is a very important component of the entire engine propulsion system. Convergent-di-

vergent nozzles are used to accelerate the fluid passing through the throat of such nozzles to supersonic 

speeds. In this case, a shock wave may be generated in the flow field depending on the ratio of the average 

outlet pressure to the inlet dynamic pressure. Nozzles provide thrust and give momentum to  aerospace 

aircraft. Nozzle design should be developed in relation to the application based on various factors that are 

considered when developing the system design. The required specific impulse  is one of the main factors in 

defining the nozzle configuration with minimal variation in the thrust supplied. Numerical simulations are 

currently being performed using the available  Ansys Fluent software to study and understand the perfor-

mance of conical bell-type nozzles. CFD studies were performed to select the appropriate mesh and  turbu-

lence model for calculating the jet flow field. The SSTk-ε turbulence model is applied to simulate the flow 

of compressive gas in a nozzle and its  plume. Numerically study the effects of back pressure, convergence 

and divergence  on  nozzle performance. The performance parameters of the exhaust nozzle were calculated 

and compared with the available analytically resolved data to demonstrate the validity of the simulation. For 

this purpose, different nozzle back pressures are considered for different operating conditions, including 

overinflation, underexpansion, and design conditions. Investigate the effects of  nozzle shape (convergence 

half-width) on the number of mechanisms, pressure ratio, and thrust coefficient. In general, the proposed 

numerical methods applied in this study show excellent ability to predict the physical phenomena and  flow 

characteristics encountered in such types of complex turbulence.  
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1. INTRODUCTION 

A rocket will perform in the best way only if the pressure at the nozzle’s end is equal to the ambient pressure. 

If the exhaust’s pressure is higher, then the pressure will not convert into thrust, and energy is not fully 
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utilized. In the same way, if pressure is lower, then because of the difference in pressure between engine top 

and exit, the vehicle will slow down. Therefore, for making exhaust pressure remain equal to the ambient 

pressure, the nozzle diameter would change (increase) when going to higher altitudes. A longer nozzle would 

be available for the pressure to act, thus reducing exit pressure and temperature. A lightweight nozzle is 

generally used in a rocket, and when throttling occurs, the atmospheric performance is compromised. For 

rectification, different designs of nozzles are used. Each designed as per the atmospheric conditions giving 

extra higher thrust and velocity at high altitudes [6].  

But certainly, there are two problems:  

• The performance is compromised by the weight of the nozzle (heavyweight). 

• Freezing of chemicals in engine because of the adiabatic expansion of exhaust gases resulting in snow 

production inside the jet.  

A nozzle is used to eliminate these problems in which exhaust gas detachment occurs in an over-expanded 

nozzle. The detachment point is not axial. This non-axial point detachment will create a side force over the 

engine. This side force will vary with time resulting in controlling problems inside the vehicle.  

2. FEA MODELING AND ANALYSIS OF NOZZLE 

The engineering problem to be investigated and solved as selected as a converging diverging nozzle. Therefore, 

a geometrical nozzle model is used for a flow analysis in CFD software (Ansys Fluent). The modeling, dimen-

sioning and design of the nozzle is carried out using Ansys Design Modeler (ADM) module. CFD Analysis is 

broadly used to carry out the simulation works involving fluid flows. This makes use of procedures and numerical 

methodologies to solve for various aerodynamic, marine and fluid flow problems. 

 

Figure 1. Two-Dimensional geometry modeled in Ansys 

 

The grid generation or meshing of computational domain is carried out in Ansys Fluent module and meshed 

model as shown in Figure 4.4. Present analysis the structured non-uniform quadrilateral grids are generated. Three 
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different grids were generated to simulate the gas flow inside the baseline geometry of CD nozzle and its exhaust 

plume. A total number of cells in the nozzle are 23,000, 36,000 and 56,000 cells for coarse mesh, medium mesh 

and fine mesh respectively. 

 

Figure 2. Mesh generated for gas flow computation of the nozzle 

3. RESULTS AND DISCUSSION 

Contour of computed for base line geometry of convergence and divergence half angle 20° and 25° are plotted in 

Figure 5.2 – 5.6. These contour plots demonstrated that the influence of the nozzle gas flow characteristics inside 

the nozzle and its exit plume. For details discussion, variation of back pressure (Pb) is performed i.e., P = 0.4, 

(under-expansion), 1 atm (full-expansion), 2 atm. (over-expansion), 3, 4 and 4.8 atm (normal shock inside of the 

divergent section and at the outlet area of the nozzle) are considered in the simulations as shown in Figure 4.7 – 

4.9 along the nozzle exit radius for the nozzles. These Figures shows that if back pressure increases Me, Pe/Pa 

and CF also increases from the throat to the exit area of the nozzle. 

(a) (b)  

Figure 3. Comparison of dimensionless (a) Mach number and (b) nozzle pressure ratio along the nozzle exit ra-

dius for the nozzles with various back pressure 

 



P. Chelak and V. Kumar IJSRMES2022046 3(4) 78- 83 (2022) IJSRMES2022044 3(4) 58-66 (2022) 

 

IJSRMES: International Journal for Scientific Research in Modern Engineering and Science 81 

 

 

 

Figure 4. Comparison of dimensionless Thrust coefficient along the ratio of nozzle exit radius for the nozzles 

with various back pressure 

4. CONCLUSION 

Compressible gas flow inside a converging–diverging nozzle at different back pressure has been numerically 

studied by SST k - x turbulence model. Effects of the changes in convergence half-angle (θ) and divergence half 

angle (β) on the nozzle performance, including Mach number (Me), Pressure ratio (Pe/Pa), and Thrust coefficient 

(CF), have been numerically investigated. For validation of the numerical method, the predicted results of Thrust 

(F) were compared with good agreement with the analytical solution. Some important findings of this work can 

be present blow: 

• Different of back pressure (Pb) is performed i.e., P = 0.4, (under-expansion), 1 atm (full-expansion), 2 atm. 

(over-expansion), 3, 4 and 4.8 atm (normal shock inside of the divergent section and at the outlet area of 

the nozzle) are considered in the simulations along with the nozzle exit radius for the nozzles and found 

that if back pressure increases Me, Pe/Pa and CF also increases from the throat to the exit area of the nozzle. 

• Convergence angle (θ= 20°, 25°, 30°, 40°, 45°) have been considered in simulation. The divergence half 

angle (β=25°) is kept constant, and obtained using CFD analysis. In this parametric changes the Me, Pe/Pa 

and CF are rapidly decreases towards the ratio of nozzle exit radius and found that the maximum Me, CF 

and minimum Pe/Pa at θ= 45° and β= 25°. 

• Convergence and Divergence half-angle significantly effects (about more than 10%) on the Me, CF and 

minimum Pe/Pa. 
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