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Abstract: This paper presents the Computational Fluid Dynamic (CFD) analysis to study the effect of area
ratio and nozzle pressure ratio on the flow field of axi-symmetric sudden expansion from convergent-divergent
nozzles to a circular duct of larger cross-sectional area than that of nozzle exit area. The study is focusing on
the pressure and velocity distribution along axial length. The analysis is done by varying the area ratios and
nozzle pressure ratios. The area ratios for the analysis are 1, 2, 4, 6, 8 and 10. The values of nozzle pressure
ratios considered are 2, 4, 6, 8 and 10. The results are plotted with the help to graphs. By observing all the
results it can be concluded that the flow field in enlarged duct is much affected by area ratio.
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l. Introduction

The study of base pressure in suddenly expanded flows is a very important field of study and finds
applications in many areas. Some of the several applications are the rocket nozzle base Pressure field. The
pressure in the base region is generally lower than atmospheric pressure. By considering the above problem it is
very important to design the enlarged duct and select proper geometrical parameters. In this paper different
cases are analyzed by varying the geometrical and flow parameters so that one can select the best suitable area
ratio i.e. the ratio of enlarged duct area to nozzle exit area, for particular nozzle pressure ratio i.e. the ratio of
stagnation pressure to back pressure. Flow control is a major rapidly evolving field of fluid dynamics. It implies
a small change in the configuration serving large benefits like drag reduction, lift increase, noise reduction etc.

1. Modeling and meshing
For modeling and meshing Ansys Workbench 14.5 is used. Cross section of the geometry is shown in
the below fig.1.
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Fig.1: Dimensions of nozzle and enlarged duct

All the dimensions are shown in the above figure are in mm. a pipe of 50 mm length is added before
the nozzle to develop exact inlet flow condition at inlet of the nozzle. The nozzle is designed for Mach number
of 2.4. The length of the enlarged duct is considered constant for the cases for better understanding of velocity
and pressure distribution along the length. Area ratios for all the cases varies from 1.0 to 10.0 and according to
area ratio enlarged duct diameter (D) is calculated.

To get a good quality results the mesh should be structured. The model is divided in number of parts
and each part is meshed separately. Completely structured grid is developed as shown in above fig.2.
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Fig.2: Meshed model of nozzle and enlarged duct

I11.  Boundary Conditions
Zone-type specifications define the physical and operational characteristics of the model at its
boundaries and within specific regions of its domain. To analyze all the cases, the boundary conditions defined
in Ansys fluent are ‘pressure inlet’ at inlet and ‘pressure outlet’ at outlet. The operating pressure is considered as
1 atmospheric pressure. The inlet pressure in all the cases is calculated according to the Nozzle Pressure Ratio
NPR. The outlet pressure in all the cases is considered as 1 atmospheric pressure.

IV.  Analysis
The analysis is done by varying the area ratios and nozzle pressure ratios. The values of nozzle
pressure ratios considered are 2, 4, 6, 8 and 10. For each value of nozzle pressure ratio area ratios considered are
1, 2, 4, 6, 8 and 10. The enlarged duct diameter (D) is calculated for each area ratio. The remaining all
dimensions are kept constant and shown in figl. The analysis is done for all possible combinations of flow and
geometry parameters and the results are plotted with help of graphs.

V.  Results And Discussion
By considering the different area ratios and nozzle pressure ratios the analysis is done and XY plots are
generated with the help of postprocessor of Ansys software. The results are generated by considering different
area ratios at same nozzle pressure ratios (NPR) and plotted separately. The results for all the cases are shown
below.
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Fig.3: Pressure distribution along the axial length for
NPR=2.0 at different area ratios

Fig.4 : Pressure distribution along the axial length for
NPR=4.0 at different area ratios

VI.  Conclusion

From the above results it can be concluded that the flow field in enlarged duct is strongly influenced by
Nozzle Pressure, area ratio, Mach number and L/D ratio. When the area ratio is low the fluctuations are very
high due the non-availability of the relaxation to the flow. When the NPR is very high the flow becomes highly
under expanded and the flow field is full of waves, the waves are hitting the wall of the duct and getting
reflected, this process continues till the level of under expansion is reduced and the pressure becomes equal to
the back pressure. The reattachment length is function of area ratio, it is lowest for smallest area ratio, and
increases progressively with increase in the area ratio. When the flow is over expanded for a given Mach
number, NPR, area ratio and L/D ratio, after exiting from the nozzle, the jet under goes compression in view of
the presence of the oblique shock wave, and this process will continue till it attains the value of the ambient
atmospheric pressure.
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