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Abstract— Having its specific flow characteristics, a 

convergent divergent nozzles find its applications in various 

field such as aerospace technology, chemical and power 

plant also. Thus it is required to know flow phenomenon 

associated with convergent divergent nozzles to utilise their 

capabilities to their fullest. In this paper 2-d axial symmetric 

flow analysis for compressible flow through a convergent - 

divergent nozzle is carried out with the help of 

Computational Fluid Dynamics tools (Gambit 2.4.0.0 and 

Fluent 14.5 for modelling and analysis respectively). The 

problem is solved by standard K- epsilon turbulent model. 

The contours and vectors are drawn for pressure, velocity, 

temperature and mach number to ascertain out the design 

condition for convergent - divergent nozzles. 
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I. INTRODUCTION 

Advancements in computing technologies, hardware and 

software have revolutionized the design process of 

engineering vehicles such as aircrafts, automobiles ships and 

power generation sectors mainly. Many software packages 

are being used in design and analysis for predicting 

performance of designs before they are actually 

manufactured. These software packages save the lead time 

of designing and manufacturing cost of new design. Latest 

trend in fluid dynamics is the analysis of fluid flow and 

associated phenomenon with the help of computational fluid 

dynamics (CFD). This modern technique is very helpful in 

conceptual design and optimization of fluid flow problems. 

The relevant data obtained should be used in studies of new 

product design, trouble shooting and redesigning.  CFD 

tools used for thermal applications should have ability to 

simulate flow along turbines, tunnels and nozzles. 

A nozzle is a device, a tubing, which lead fast and 

hot fluid through it. Convergent- Divergent nozzles are 

tubing having reducing cross sectional area from inlet to a 

certain position along axis called throat, then gradually 

increases up to exit. Thus, these nozzles are made up of 

three sections convergent section, throat and divergent 

section.    Convergent- Divergent nozzles are used to 

accelerate flow of fluid passing though it to a supersonic 

velocity and after expansion, to shape the exhaust flow so 

the heat energy propelling the flow is converting in to 

kinetic energy directed effectively. The fluid enters through 

the convergent section, due to back pressure fluid reaches 

sonic conditions at throat this lead stream to flow in 

divergent section. The mach number approaches to unity at 

the throat and further increases as the flow progresses. 

II. LITERATURE REVIEW 

Xavier  Fernando et. al.[1] analyse the present of shock 

induced flow seperation by design and optimization of De-

Level nozzle. Nathan spotts et. al.[2] performed a CFD 

analysis on compressible flow through convergent conical 

shaped nozzle and investigated that the coefficient of 

discharge increase on decreasing nozzle angle and also 

confirmed that the choked nozzle pressure ratio  low for a 

small nozzle angle. G.  Jamuna  Rani et. al.[3] investigated 

the flow analysis of  the annular diffuser. Shembharkar and 

Khan et. al.[4] studied 2-dimensnal convergent-divergent  

nozzle for nozzle pressure ratios(NPR) corresponding to 

presence of shock inside the diverging section of nozzle and 

concluded  that computed solution using fluent differed 

from the simple theory as structure of shock their location 

and after shocks are concerned. Vaidyanathan and 

Padmanathan et. al.[5] carried out the investigation for 

different nozzles considering various nozzle pressure 

ratio(NPR) such as 1.52,1.55,1.59and1.63 and observed that 

for NPR above flow is reversible in nature and below 1.52 

there is no shock condition occurs. 

III. GOVERNING EQUATIONS 

The equations governing the flow through convergent 

divergent nozzles are: 

A. Continuity Equation 

∂ρ

∂t
 + 𝛁.(𝝆V)=0 

B. Momentum Equations 
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C. Energy Equation 
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IV. TURBULENCE MODELING 

1) Turbulence Model: The turbulence model used for this 

analysis work is standard K-epsilon (K-ε) model. 

2) K-epsilon Model: The standard K-epsilon model is 

mostly use model for flow problems. It is a two 

equations model[6]. 

A. Turbulent Kinetic Energy(K) Equation 

rate of increase of K + Convection transport = diffusive 

transport + rate of production - rate of destruction 
𝛛 

𝛛𝐭
 (ρk) + 

𝛛 

𝛛𝑥𝑖
 (ρkui) = 

𝛛 

𝛛𝑥𝑗
 [ (μ +

μt

σk
) 

𝛛𝐤

𝛛𝑥𝑗
] +Pk + Pb- ρ𝛆 - YM + Sk 

B. Turbulent Dissipation(𝛆)Equation 

rate of increase of + convective transport = diffusive 

transport + rate of production - rate of destruction 



CFD Analysis of Convergent-Divergent Nozzle using Standard K-Ε Model 

 (IJSRD/Vol. 3/Issue 12/2016/081) 

 

 All rights reserved by www.ijsrd.com 312 

𝛛 

𝛛𝐭
 (ρ𝛆) 

𝛛 

𝛛𝑥𝑖
 (ρ𝛆ui)= 

𝛛 

𝛛𝑥𝑗
[ (μ +

μt

σε
) 

𝛛ε

𝛛𝑥𝑗
]+

ε𝐶1𝛆 

𝑘
(Pk 

+ C3𝛆Pb) −
ε𝐶2𝛆 

𝑘
 + S 

This turbulence model preferred mainly for the 

computational problems involving of higher mach no. and 

for the computational problems of lower mach no. k-ω 

model is preferred.  

Standard values of constants. 

Cμ = 0.09;σk=1.00;σε=1.30; 𝐶1𝛆 =1.44 ; 𝐶2𝛆 =1.92 

Where,   ρ - density 

P-pressure 

u, v, w - velocity in x, y & z components 

V. GEOMETRIC MODELLING 

The geometry of the nozzle is obtained from coordinate .In 

below table second and third column represent x and y 

coordinate respectively. This table represent the coordinate 

up to throat. To get complete profile the coordinate should 

be repeated with positive x coordinate from throat. 

S.No. X-coordinate Y-coordinate 

1 -0.5 0.333711906 

2 -0.475 0.321881895 

3 -0.45 0.310241841 

4 -0.425 0.298813943 

5 -0.4 0.287623491 

6 -0.375 0.276699295 

7 -0.35 0.266074152 

8 -0.325 0.255785333 

9 -0.3 0.245875061 

10 -0.275 0.236390951 

11 -0.25 0.227386335 

12 -0.225 0.218920388 

13 -0.2 0.211057941 

14 -0.175 0.20386883 

15 -0.15 0.197426626 

16 -0.125 0.191806602 

17 -0.1 0.187082869 

18 -0.075 0.183324724 

19 -0.05 0.180592459 

20 -0.025 0.178933075 

21 0 0.178376517 

22 0.025 0.178933075 

23 0.05 0.180592459 

24 0.075 0.183324724 

25 0.1 0.187082869 

26 0.125 0.191806602 

27 0.15 0.197426626 

28 0.175 0.20386883 

29 0.2 0.211057941 

30 0.225 0.218920388 

31 0.25 0.227386335 

32 0.275 0.236390951 

33 0.3 0.245875061 

34 0.325 0.255785333 

35 0.35 0.266074152 

36 0.375 0.276699295 

37 0.4 0.287623491 

38 0.425 0.298813943 

39 0.45 0.310241841 

40 0.475 0.321881895 

41 0.5 0.333711906 

Table 1. Coordinate For Nozzle Profile. 

The save coordinate file with extension(.txt) is imported in 

GAMBIT(design modeler). Using the edge selection tool all 

the edges were selected and 2d surface is generated. The 

generated upper half portion of the 2 dimensional nozzle is 

appeared as: 

 
Fig. 1: Geometry profile of nozzle. 

VI. GEOMETRIC MESHING 

Meshing is done using quadrilateral method structured mesh 

is formed. 

Curvature Normal angle is 180, no. of Nodes is 147  

and no. of elements formed is 120. 

 
Fig. 2: Geometry profile of nozzle with meshing. 

VII. NAMING OF BOUNDRIES 

Boundaries of the geometry named for identification. The 

inlet of nozzle named as "nozzle_inlet", wall of nozzle as 

"nozzle_wall", outlet of nozzle as "nozzle_outlet" and 

centreline of geometry is named as "nozzle_axis". The basic 

reason for naming is to distinguish all the four edges with 

specific identification.   

VIII. ANALYSIS 

The geometry with generated structured  mesh is taken into 

fluent for flow simulation. The solution is taken as 2-

dimensional with parallel processing. The solver is set to 

density based 2D space is taken as symmetric about as axis. 

The velocity formulation is selected as absolute. The time 

domain is considered steady. The problem is solved without 

considering influence of gravity effect. 

The turbulence model for the simulation is standard 

k-epsilon and as a fluid material air is selected. 

IX. RESULTS 

The flow along the axisymmetric nozzle is as: 
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Fig. 3: Contour of Static Pressure (Pa). 

In the contour of static pressure it is observed that 

minimum static pressure is 3122.579 Pa and maximum static 

pressure is 100731.80 Pa. As from observation of contour 

the static pressure in the nozzle decreases from inlet to 

outlet. 

 
Fig. 4: Contours of Mach Number. 

The mach number is increases from inlet to outlet. 

The mach number is minimum at the inlet 0.1007019 and 

found to be maximum at 2.832873. The mach number at 

throat is 1.08 reassembles the theoretical value. 

 
Fig. 5: Contour of Static Temperature (K). 

The static temperature inside the nozzle in decrease 

from inlet to outlet. The maximum static temperature is 

292.8559 K and minimum is 11.7092 K obtained. 

 
Fig. 6: Static Pressure vs Position Curve. 

The static pressure vs position along the axis plot 

gradually decreases from inlet to outlet. The decrease in 

static pressure is converted in to kinetic pressure accelerate 

the flow of fluid in the nozzle. 
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X. VALIDATION 

 
Fig. 7: Mach No. vs Position. 

In figure the plot of mach no vs position plot the obtained 

curve obtained from standard k-epsilon model compared 

against the curve obtained from the   quasi one dimensional 

model. These two curves are in good agreement and shows 

the similarity  in mach no values. 

XI. CONCLUSION 

 Computational fluid dynamics analysis carried out on 

the convergent-divergent.   

 The standard k-epsilon turbulence model gives accurate 

results as compare to inviscous turbulence model. 

 The velocity increase when pressure decrease and the 

mach no is approaches to unity at the throat. The value 

of mach no. at throat is 1.08. 
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