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ABSTRACT

The current research work is related to the computational fluid dynamic analysis of two-dimensional convergent-divergent nozzle
in Ansys software. It using the CVM (control volume method) to solve the governing equation of fluid flow problem formulated
under the given boundary condition. The basic aim of the current study is to determine the most suitable or optimum
configuration of convergent-divergent angle in DC Nozzle. The parameter of a nozzle is taken according to the DC nozzle
geometry. The different configuration has made by vary angle from 15 to 40 degree at the step of 5 degrees for Convergent angle
and for divergent angle, it varies from 12.5 degrees to 20 degrees at the step of 2.5 degrees. The analysis was performed in the
fluent workbench of ansys software. The input data for the nozzle is taken as the temperature of exhaust gas and pressure at the
inlet. The output data is obtained by fluent in the form of temperature plot and pressure distribution and velocity gradient and
Mach number are calculated for each combination.
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1. INTRODUCTION

In flight at high altitude and high forward speeds, the use of a convergent-divergent Propelling nozzle on turbo-jet or ram-jet engines
is essential in order to achieve the greatest possible net thrust. However, at the off-design condition, such as would occur at take-off
or when flying at reduced speed, a fixed geometry divergent nozzle is inefficient due to the large negative pressure thrust which
arises as the result of over expansion within the nozzle. Before the part load performance of an engine fitted with a fixed divergent
nozzle can be calculated, it is necessary to know under what condition the nozzle runs full and how the position of internal shock
varies with the applied pressure ratio.

The nozzle is a mechanical device designed to control the direction or characteristics of a fluid flow. It is a specially shaped tube
through which hot gases flow. Nozzles are frequently used to control the rate of flow, speed, direction, mass, shape, and/or the
pressure of the stream that emerges from them. Nozzles come in a variety of shapes and sizes depending on the mission of the
aircraft. Simple turbojets, and turboprops, often have a fixed geometry convergent nozzle. Turbofan engines often employ a co-
annular nozzle. The core flow exits the center nozzle while the fan flow exits the annular nozzle. Mixing of the two flows provides
some thrust enhancement and these nozzles tend to be quieter than convergent nozzles. Afterburning turbojets and turbofans require
a variable geometry convergent-divergent - CD nozzle. In this nozzle, the flow first converges down to the minimum area or throat
and then is expanded through the divergent section to the exit at the right. The variable geometry causes these nozzles to be heavier
than a fixed geometry nozzle, but variable geometry provides efficient engine operation over a wider airflow range than a simply
fixed nozzle.

Fig. 1: De Laval nozzles
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2. PROBLEM FORMULATION

The release of heat energy in the combustor serves to raise the internal energy of the combustion products. In order to create thrust,
it is necessary to convert that energy into kinetic energy and thereby increase the velocity of the flow when it exits the propulsion
device. A simple device for accelerating a fluid in the nozzle, a duct whose area is varied in such a fashion as to increase the velocity
of the flow through it. The following assumptions have been taken for simplification to be made without introducing error in the
analysis:

1. Steady one-dimensional flow

2. Adiabatic flow

3. No shaft work

4. The area on both the side of the shock may be considered the same.

3. METHODOLOGY

3.1 CFD Model

In order to create the CFD model of DC nozzle first, we need to create the project schematic in ansys workbench. CFD fluent
workbench used for the modelling and analysis of Dc nozzle. First of all, we need to create the 2 D sketch of nozzle geometry
according to the marc linares setup and convert it to the 2D plain geometry.

Fig. 2: The 2D geometry of DC conical Nozzle

The modelling has done in geometry workbench by using sketch and modelling tools. There are several commands available in
geometry workbench by which we are able to create any complex geometry also same as other modelling software.

3.2 Meshing of geometry
In order to create the meshing of a geometry, we need to switch the workbench from geometry to meshing. After creating the
geometry, it is required to divide the control volume into a smaller number of Nodes and element of finite size, therefore it is called
a finite volume method. The method of splitting the Control volume into small finite size volume is known as a meshing of the
control volume.

Table 1: Specification of nodes and elements

S. no. Parameter Size/Specification
1 Advanced size function Curvature
2. Minimum Size 0.344680 mm
3. Maximum Size 68.9360 mm
4 Node 2937
5 Element 2816
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Fig. 2: Mesh Geometry of DC Nozzle
3.3 Boundary condition

The boundary condition provided to the DC Nozzle as per the actual working condition and scaled value given to the nozzle due to
the limits of calculation and time. the boundary condition of the nozzle is given in the table below.
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Table 2: Boundary condition of DC Nozzle

Boundary Type
Inlet Gauge total pressure 300000 (Pa), Temp. 300 k
Outlet Gauge Pressure
Wall Wall function
Surface Interior Surface

4. RESULT AND DISCUSSION

4.1 Comparison of CFD and experimental result

In the first phase, we compare the result obtained by the analysis of DC nozzle with the experimental method referred to by Olivera
P. Kosti¢[1]. The validation of CFD result has done by comparing the experimental result of macro [1] & Olivera P. Kosti¢ [2] for
the same geometry of DC nozzle. The experimental result was performed by taking the convergent and divergent angle about 40°
and 20° angle. The similar geometry of DC nozzle was created in Ansys 15 and same boundary condition applied for the analyses.
The inlet pressure for the nozzle is 3e5 pa and the outlet contour set the pressure outlet to find out the pressure ration in between the
inlet and outlet.

3.0 CFD Mach Number
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Fig. 4: Experimental result of Mach Number Fig. 5: CFD result of Mach Number

4.2 Optimization of divergent convergent angle

After the verification of CFD result, the next step was to optimize the geometry of DC nozzle by creating a different combination
of inlet and outlet angle of the nozzle. For this purpose, we create the five different geometry of DC nozzle including the existing
model of the nozzle. Each combination of geometry was analyzed in CFD workbench and mach number, pressure and velocity
contour is taken as a design parameter to find out the effectiveness and feasibility of DC nozzle. Here all these parameters are taken
as the output parameter while the divergent and convergent angle is taken as an input parameter. During the analysis of each set, the
boundary condition is constant and same fluid media is used for the CFD workbench. The convergent angle varies from 15° to 40°
and the divergent angle vary from 12.5° to 20°.

4.3 Pressure contour of DC Nozzle

The pressure distribution shown in the figure is a key example of the flow’s performance based on the initial conditions set forth in
ANSYS at 5 bar at the inlet and the outlet condition of an average static pressure of 1 bar. Again, as demonstrated, a maximum
pressure is found near to the inlet location and goes down gradually with the length of the nozzle and its minimum at the outlet
location for each case.
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Fig. 6: Pressure plot of DC nozzle
© 2018, www.lJARND.com All Rights Reserved Page | 11



https://www.ijarnd.com/

Kumar Uttam et al.; International Journal of Advance Research and Development
4.4 Mach number distribution in DC Nozzle
In the nozzle exit section of analysis results produced by the static pressure and Mach number contour of the CFD has to be
corresponding design parameters. The supersonic condition found due to the value of Mach number at the exit location and its value
is near about one at the throat location. At the inlet location, it’s less than or equal to the one which represents the subsonic condition.
The maximum value of Mach no found in the third configuration of the parameter and it's about 30° and 15° at the convergent and
divergent section.
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Fig. 7: Distribution of Mach number of DC Nozzle

5. CONCLUSION
The result obtained by the fluent is validated by the experimental result of Mr. Olivera P. Kosti¢ [1]. The phase | consist of the result
obtained by analysis of DC Nozzle of convergent angle 40° and divergent angle 20° only, after the examination of pressure, Mach
number and temperature distribution, its concluded that it shows very good agreement with the experimental result of Mach no with
respect to the nozzle axial length. The important conclusion can be summarized as follows:-
- It is observed that the experimental and CFD result of Mach number for DC Nozzle shows very good agreement for same
boundary condition.
- In order to get the supersonic condition at the outlet, location preferred the convergent angle at 25° and 17.5° for the divergent
angle.
- Itis observed from pressure contour is maximum in inlet location and it’s falling down with the axial length of the nozzle.
- Similarly, the contour of velocity is low at the inlet location and it goes up with the axial length of the nozzle.
- The temperature distribution of air inside enclosed spaces is obtained with the help of temperature contours.
- The present results of pressure drop and Mach number for two-dimensional, Dc nozzle is obtained by using Computational
Fluid Dynamics Software and compared with the results of Mr. Olivera P. Kosti¢ [1].
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