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ABSTRACT
Computational Fluid Dynamics (CFD) is a method
which depends on various numerical analysis and
algorithms for finding solutions and analyzing the
complex problems that concerns fluid flow and it is a
tributary of Fluid Mechanics. The objective of the
current project is to determine the variation of flow
parameters like pressure, temperature, velocity and
density is visualized using CFD. The simulation of
shockwave through CFD is also executed.In the current
work, Study of flow through the convergent divergent
nozzle is carried out by using finite volume method. The
modeling of the nozzle geometry is done in PTC Creo
Parametric 3.0. The discretization process and the
analysis are carried out in ANSYS FLUENT 16.0.

Keyword—CFD; Nozzle; Shockwave;Supersonic;De
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I. INTRODUCTION
Nozzle is a device used to control the speed of the
fluid flow, directions and flow characteristics. The
design of the nozzle is considered to be a pipe with
varying cross sectional areas throughout the length
for altering and controlling the mass flow rate,
velocity, direction of flow, pressure ratio etc. The
variation of pressure difference at the inlet and
outlet of the nozzle section results in the change of
flow characteristics.

Convergent-Divergent supersonic nozzles are
significantly used for high speed missiles and for
rocket nozzles. Depending on the nozzle
applications different shapes are used. The
divergent part of nozzle plays a vital role in
expansion characteristics. The function of CD
nozzle is to convert thermal energy into kinetic
energy to expel high speed exhaust

The major importance of a CD nozzle in the
industry is to improve the kinetic energy of the flow
medium at an expense of an internal energy and the
pressure.

Nozzles can be classified as the convergent,
divergent or both as convergent and divergent
nozzles.

A. CONVERGING NOZZLE:
The convergent nozzles are those in which the area
of cross section goes on decreases with the length of
the duct.

The pressure drops due to the random motion of the
particles at the inlet converging point are restricted
to fast forward stream line motion. Thus the kinetic
energy of the medium increases at the throat or
outlet section of the nozzle.Convergent nozzles are
widely used for high velocity jets, sprays, injections
etc.,.

Fig 1.1: Converging Nozzle

B. DE LAVAL NOZZLE:
Convergent-Divergent Nozzle is first developed by
Swedish engineer named Carl Gustaf De Laval in
the year 1888.CD nozzle is also termed as De Laval
Nozzle.

De Laval nozzle consists of three sections namely:

i. Converging section
ii. Throat section
iii. Diverging section
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Fig 1.2: Converging Diverging Nozzle
Configuration

Converging section of the CD nozzle is connected
to the gas or fluid chamber. At the converging
portion, the high pressure gas losses its pressure
energy and gains the kinetic energy. The
acceleration of the fluid gets increases along the
convergent section till the throat. The pressure drop
is due to the Bernoulli’s principle and the law of
conservation of mass. As the force of incoming
flow is greater than throat mass flow rate, the rate of
flow from the convergent section increases rapidly.

The throat section is impinged between inlet and
outlet of the duct. It is the smallest section between
convergent and divergent sections of the nozzle.
The throat acts as the connecting portion between
inlet ant outlets of De Laval nozzle.

Fig 1.3: Convergent Divergent Nozzle used in
Rockets

 Flow Regimes in Converging Diverging
Nozzle:Subsonic flow (for 0<M<1), the increase in
velocity of the flow is directly proportional to the
decrease in area of the duct. Similarly, increase in
area of the duct is associated with the decrease in
velocity. Clearly it is necessary to provide
converging section in order to improve the velocity
of the fluid and diverging section for decreasing the
flow velocity.

 Supersonic flow (For M>1), The Decrease
in velocity is directly associated with the decreasing

in area of the duct. Likewise, increase in velocity is
proportional to increasing in the area. So, in order to
improve the velocity of the flow we must provide
the duct with increasing cross sectional area for
supersonics.The trend here is simple opposite the
subsonic flow as illustrated in the figure1.3.

 Sonic flow (for M=1), the area and the flow
velocity are maintained to be constant. At the throat,
area so as the flow remains constant at sonic
speed.it may be noted that the trend is in between
the speeds of subsonic and supersonic at converging
and diverging sections of the nozzle respectively.

Fig 1.4: Flow velocities in CD nozzle

As described above in order to achieve the
supersonic speeds, it is necessary to design the
nozzle of converging diverging sections. Where the
flow is at subsonic speed at the converging part
increases the velocity at constant flow rate for
incompressible fluids followed by throat and
diverging ducts.

C. Pressure Distribution Along the Nozzle:

When the flow of fluid in the nozzle is accelerated
(Subsonically or supersonically) it encounters the
pressure drop. Pressure distribution along the nozzle
is the vital factor to be considered for the
optimization of the nozzle design. The rise of
pressure takes place instantly across the shock.In
the diverging section the pressure fall takes place as
the gas expansion occurs at the exit of the nozzle
supersonically.

Inside the converging part the pressure distribution
does not alters with the back pressure in any case.
The change in pressure distribution in the nozzle
can be understood by the figure illustrated below.
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Fig 1.5: Pressure distribution along the Nozzle

II. LITERATURE REVIEW
Gustaf De Laval [1],Swedish engineer De Laval
established the concept of impulse steam turbine
after that he built a model of steam turbine to
demonstrate that such devices can be set up on
scale. He enrooted a nozzle to increase steam jet to
supersonic speed and used in rocket engine nozzles.

David Gretrix [2],mentioned in an article saying
that, the most efficient conversion of pressure to
kinetic energy occurred when nozzle is first
narrowed thereby increasing the speed of jet to
speed of sound. In the article it is said that at throat
velocity magnitude is same for all divergence
degrees of angles and nearby wall Mach number is
decreasing for nozzles because of viscosity and
turbulence in fluid. With an increase in divergence
angle at nozzle exit Mach number increases. He
concluded by saying that efficiency of nozzle
increases by increasing the divergence angle of
nozzle up to certain limit.

TrongBui [3], in his one of the research experiment
conducted on the CFD analysis of Nozzle jet plume
effects on a supersonic aircraft. It is observed that
the effect of flow viscosity, size of the grid and type
of grid are significant in the jet signature plume.
The under expanded nozzle shows more reduction
in the strength of the tail stock of the nozzle while
compared to the over expanded flow.

Pandey et al [4], has worked on rocket engine
design, in their research they said that scope of
combustion in world today is very wide, as even we
use combustion applications directly or indirectly,
their main task was to compare the efficiencies of
rocket engines with two inlets in case of low thrust
orbit to orbit transfers.

In their experimental analysis they observed as the

air and fuel entering the combustion chamber it
starts burning due to high velocity and temperature
so that the pressure increases in combustion
chamber and then goes on decreasing to convergent
portion and at throat the total pressure was a
negative value. The temperature increases in
combustion chamber followed by convergent
portion of nozzle but as it reaches the divergent
portion temperature start decreasing.

Crowe [5], in his one of the journal paper on rocket
nozzle’s Drag coefficient of particles he observed
that the flow of gas particles inside the rocket
nozzle encounters gamut of flow regimes. The
performance of the Nozzle losses due to the thermal
and velocity lags of the particles of flow. A
consideration of flow particles is in spherical shape,
the use of drag coefficient for estimation of drag in
rocket nozzle is reasonable.

Based on Carlson algebraic expression and
empirical formulas by Millikan’s Drag coefficient
he has concluded some relations on drag coefficient
related to different Mach numbers by experimental
equations.

Deshpande et al [6], The Description of this
technical paper was to study and find the analysis of
De-Laval nozzle. It is a converging-diverging type
of nozzle, which is used to provide supersonic jet
velocity at the exit of nozzle.

In an experimental analysis it is observed that
velocity is minimum at inlet and then increases to
exit of nozzle, here temperature is maximum at inlet
and decreases towards outlet. Hence it is concluded,
as the results obtained by the CFD are more
insignificant with those obtained theoretically. Thus
it determines the fact that one-dimensional nozzle
analysis is enough to predict the nozzle
performance.

III. MODELING AND ANALYSIS
Some of the software’s that are used for modeling
2D or 3D models are such as CREO, CAD, SOLID
WORKS, and CATIA. The tools present in these
software’s helps us in designing the model. These
are very useful to get accurate results during
analysis. This software’s are mainly known for their
versatility and functionality.

A. PTC CREO PARAMETRIC 3.0v

PTC CREO parametric is a family of design
software used for product design by many product
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manufactures. It is a 3d modeling software which
runs on windows and provides applications for
schematic illustrations, element analysis, technical
design and development. This gives the user a
whole new dimension of capabilities for design and
analysis. CREO directly competes with solid works
and CATIA software’s. CREO has many different
software packages and features.

Fig 3.1: PTC Creo 3.0 interface

STEPS INVOLVED IN CREATING A MODEL
B. BASIC OUTLINE SKETCH OF NOZZLE

The Modeling part of the converging diverging Jet
Nozzle was done in PTC Creo Parametric 3.0
software. The points at the converging and
diverging ends are located by using the construction
line with datum axis. The points in Y-direction are
been taken with ratios of cross sectional areas with
the throat area as mentioned in the table below.

Table3.2: Nozzle dimensions

Parameter Dimension (mm)

Total length of nozzle (mm) 840

Inlet diameter (mm) 280

Outlet diameter (mm) 336

Throat diameter (mm) 210

Convergence angle (deg) 30.55

Divergence angle (deg) 54.532

Table 3.3: Coordinates of CD Nozzle

Section A/A* X coordinate
(m)

Converging 1.333 0

Converging 1.167 0.21

Throat 1 0.42

Diverging 1.301 0.63

Diverging 1.6 0.84

3.2.2 OBTAINING SURFACE OF THE MODEL

A 2D surface model is been created by using fill
option. Hence the surface layer in the loop of nozzle
profile is saved in .igs and .stp file formats for
future analysis of the geometry.

Fig 3.3.1: 2D Surface Model of CD Nozzle

COMPUTATIONAL FLUID DYNAMICS
ANALYSIS
C. COMPUTATIONAL FLUID DYNAMICS

CFD (computational fluid dynamics) a branch
which is widely used for solving governing
equations of fluid dynamics. Today we can find its
applications for all disciplines such as heat transfer,
fluid dynamics and even for natural science etc.
Problems which are very complicated to solve by
means of general analytical method can be easily
solved by CFD. Since the set of equations of
continuity, momentum, energy of fluid dynamics is
called as Navier-stroke equation.

There are many approaches in CFD through which
we can obtain the appropriate result, but the
standard method used is finite volume method. For
every bit of volume, the equations are solved and
results are obtained. Thus after the completion of
iterations each point specific some value. Thus
through these results we can make a point on the
behavior of fluid flow.

For analysis here we are using ANSYS. This
analysis includes subject of inlet temperature, inlet
pressure, and outlet temperature and pressure.

D. MESHING
Meshing: It represents the geometric body as a set
of finite elements.
Mesh generation: A face mapped mesh is generated

that approximates a geometric structure.

Fig 3.2: ANSYS FLUENT launcher
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In fluent solver, the geometry is imported first by
selecting the .igs (Initial Graphics Exchange
Specification) or .stp (Step) extension files from
appropriate directory.

Fig 3.3: Imported Geometry in ANSYS

Mapped face meshing is used to create hexahedral
elements and is shown in the fig 3.3.2

Fig 3.4: Mesh Generation

.

Fig 3.5: Mesh of Convergent Divergent Nozzle

3.3.3 GENERAL SETUP INFORMATION:

Solver type Density based

2D space Planer

Time Steady

3.3.4 MATERIAL PROPERTIES:
Density                              : Ideal gas

Viscosity                            :1.81x10-5 PAS

Thermal conductivity        :0.02619W/mK

Specific heat                      :1006.43J/KgK

Mean molecular mass        :28.966 g/mole

3.3.5 BOUNDARY CONDITIONS:

Inlet pressure 20x105Pa

Inlet temperature 300K

Outlet
temperature

171.519K

Outlet pressure 2.5x105Pa

E. APPLIYING BOUNDARY CONDITIONS FOR
SHOCK WAVE:

Inlet pressure 20x105Pa

Inlet temperature 300K

Outlet pressure 16x105Pa

IV. RESULTS AND DISCUSSIONS
For controlling the direction and speed, Convergent
and divergent nozzle plays a major role in different
applications like Aerospace and Rocketry. The
analysis of C-D nozzle is carried out in ANSYS to
obtain the flow properties like temperature,
velocity, pressure and density.

4.1 SIMULATION OF C-D NOZZLE
4.1.1 TEMPERATURE CONTOUR:

Fig 4.1: Temperature contour

Red color indicates the maximum temperature of
2.871e+002K and blue color indicates the minimum
temperature of 1.623e+002K at inlet and outlet of
the nozzle respectively as shown in the fig 4.1 .

4.1.2 PRESSURE CONTOUR:

Pressure at the inlet is low compared to the pressure at the
exhaust end of the C-D nozzle. It is clear from the fig 4.2
that at inlet the pressure is 1.714e+006 pa and outlet is
2.321e+005 pa

Fig 4.2: Pressure contour
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4.1.3VELOCITY CONTOUR:
Velocity at the inlet of the CD nozzle is 1.616e+002
m/s. At the throat velocity is increases rapidly.
velocity at the exhaust is very high as shown in fig
about 5-256e+002 m/s.

Fig 4.3: Velocity contour

4.1.4 DENSITY CONTOUR:
The density of the fluid flow through the nozzle
changes from inlet to outlet gradually.

It is clear that, density the inlet the density is about
2.082e+001 Kg/m3 while it is 4.992e Kg/m3 at outlet of
the nozzle respectively.

Fig 4.4: Density Contour

4.2 SHOCKWAVE SHOCK WAVE OF C-D
NOZZLE:
For any back pressure values, blunt changes in fluid
properties in super-sonic flow circumstances, causes
a shockwave.

The Shockwaves which are normal to the plane of
flow are called Normal shocks. The flow is
supersonic before the shock and subsonic
afterwards. The Shockwaves which are inclined to
the plane of flow direction are called Oblique
shocks. These type of shocks generally occurs at the
nose of the nozzle at supersonic speeds.The higher
the Mach number before the shock, higher the
impact of shock will be generated. In the case of
Ma=1, the shock wave will simply become a sound
wave.

4.2.1 TEMPERATURE CONTOUR FOR
SHOCKWAVE
The temperature variation along the CD nozzles for
shockwave is shown in the fig mentioned below
with a minimum and maximum temperature

variations of 2.208e+002K and 2.934e+002K.

Fig 4.5: Temperature Contour for Shockwave

4.2.2 PRESSURE CONTOUR FOR
SHOCKWAVE:
The pressure contour for shockwave is likely to be
similar as temperature contour as shown in fig 4.6.

Fig 4.6: Pressure Contour for Shockwave

4.2.3VELOCITY CONTOUR FOR
SHOCKWAVE:
The velocity contour for shockwave of CD nozzle is

as shown in the fig 4.7. it is observed that the
velocity at the throat section is high compared to the

converging section.

Fig4.7: Velocity Contour for Shockwave

4.2.4 DENSITY CONTOUR FOR
SHOCKWAVE:
The variation of density along the length of the CD
nozzle is abrupt at the diverging part.

The density is high at the diverging section about a range
of 8.135e Kg/m3

Fig 4.8: Density Contour for Shockwave
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V. CONCLUSIONS
A nozzle is a device crafted by engineers to control
the characteristics of the fluid. It is mostly used to
increase the velocity of the fluid which normally
consists of convergent portion, Throat section and
Divergent section.

In this project, design and analysis of a convergent-
divergent nozzle is carried out using Creo and
ANSYS FLUENT in order to study the flow field
analysis considering input variables as pressure inlet
and pressure outlet. From this study and analysis
various flow properties like pressure, temperature,
velocity and density are found and also shockwave
simulation is done.
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