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Abstract— This setup is concerned with the study of 

compressible flow in a converging-diverging Nozzle. From a 

theoretical and experimental investigation of the flow in an 

illustrative channel with convergent-divergent area variation, 

the behavior of the flow along the channel was found to be 

generally similar in trend to the flow in a stationary 

convergent-divergent nozzle. In compressible flow, the 

density and temperature variations are often significant. 

Therefore, the following study provides additional 

information on shock location, Mach number behavior and 

pressure distribution by varying nozzle length. The obtained 

curves show pressure distribution and Mach number along 

the two dimensioned nozzles which enable us to compare the 

experimental data with the theoretical calculation. 

Furthermore, interesting graphs are going to be plotted which 

shows some relationship between some nozzle parameters 

and flow characteristics.  
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I. INTRODUCTION 

The one dimensional inviscid isentropic flow in a convergent 

divergent nozzle is a classical textbook problem, which has 

different flow regimes depending upon the nozzle pressure 

ratio (NPR). Practically multi dimensionality and viscous 

effects like wall boundary layer and flow separation 

drastically alter the flow in a convergent divergent nozzle. 

Compressible flows are important in many engineering 

applications ranging from aerodynamics, gas turbines to 

nozzles and walls. In a subsonic flow, when the flow area 

decreases along the direction of flow, the fluid starts to 

accelerate, but the same cannot be said for a supersonic and 

hypersonic flow. The Mach number of the flow cannot be 

increased above unity with just a convergent duct, so, for such 

cases where we need to accelerate the flow to above sonic 

velocity a convergent-divergent nozzle seems inevitable. 

This was mathematically proved and a working model was 

designed by Gustaf De Laval in the year 1980. To accelerate 

the fluid above sonic speed, the flow area should converge till 

a minimum area that is throat area. The one dimensional 

inviscid isentropic flow in a convergent divergent nozzle is a 

classical problem, which has different flow regime depending 

upon the nozzle pressure ratio (NPR). The inviscid theory 

predicts a simple shock structure consisting of a normal shock 

followed by a smooth recovery to exit pressure in a 

divergence part of a chocked nozzle for the nozzle pressure 

ratios corresponding to the over-expanding flow regimes. But 

in reality, multi-dimensionality and viscous effects like wall 

boundary layer and flow separation drastically ulter the flow 

in a convergent-divergent nozzle. The over-expanded flow 

regime in a convergent-divergent nozzle of different shapes 

and sizes has been a subject matter of numerous 

investigations because of there wide range of applications. 

A. Problem Statement 

To expand the knowledge on fluid Computational 

consideration such as appropriate software choice is 

imperative. Simulation software whose capabilities include 

high velocity flow (greater than Ma<1). The lab experiment 

is based on analyzing the various types of shock waves 

created in the convergent divergent nozzle. The inlet and 

outlet pressures are varied to display the curved, straight and 

lambda shock. 

B. Aims and Objectives 

The primary objective is to fabricate an effective 

experimental setup for convergent divergent nozzle which 

will help to measure the flow of fluid and pressure 

distribution under different exit and inlet pressure ratios. 

Firstly, the minimization of the length serves a dual purpose; 

reduction of friction due to surfaces in contact, and reduction 

of materials used as well as weight. Second, maximization of 

the exit Mach number; to achieve greatest speed and mass 

flow rate. Finally, maximize the uniformity of the flow by 

reducing inconsistencies in temperature and pressure. 

II. SYSTEM DESIGN AND MECHANISM 

 
Fig. 1: Experimental Setup 

A. Construction 

Design specifications taken into consideration for this project 

are based upon simulation, optimization and manufacturing 

results. Simulations are based upon the modeling performed 

on nozzle (de laval shaped) using Catia and an input program. 

In order to accomplish the project objectives, the optimization 

goals are realized through calculations derived from 

modeFrontier and computation fluid dynamics (CFD) multi-

platform programs. In order to validate simulated tests, 

considerations between the size of the theoretical optimized 
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nozzle and prototype was strongly considered. Dimensional 

analysis was completed to obtain a prototype used to acquire 

testing results. A key specification for the De laval nozzle was 

the ability to directly observe shock wave formation inside 

the divergent section. 

1) Component of Experiment: 

Sr. No. Component Material 

1 Measuring Tank Fibre 

2 Sump Tank Fibre 

3 Pump OEM 

4 De laval Nozzle Al 

5 Pipes PVC 

6 Flow Control Valve OEM 

B. Condition of Operation 

A de Laval nozzle will only choke at the throat if the pressure 

and mass flow through the nozzle is sufficient to reach sonic 

speeds, otherwise no supersonic flow is achieved, and it will 

act as a Venturi tube, this requires the entry pressure to the 

nozzle to be significantly above ambient at all times 

(equivalently, the stagnation pressure of the jet must be above 

ambient). In addition, the pressure of the gas at the exit of the 

expansion portion of the exhaust of a nozzle must not be too 

low. Because pressure cannot travel upstream through the 

supersonic flow, the exit pressure can be significantly below 

the ambient pressure into which it exhausts, but if it is too far 

below ambient, then the flow will cease to be supersonic, or 

the flow will separate within the expansion portion of the 

nozzle, forming an unstable jet that may "flop" around within 

the nozzle, producing a lateral thrust and possibly damaging 

it. In practice, ambient pressure must be no higher than 

roughly 2–3 times the pressure in the supersonic gas at the 

exit for supersonic flow to leave the nozzle. 

III. APPLICATIONS 

Process plants consist of hundreds, or even thousands, of 

control loops all networked together to produce a product to 

be offered for sale. Each of these control loops is designed to 

keep some important process variable, such as pressure, flow, 

level, or temperature, within a required operating range to 

ensure the quality of the end product. Each loop receives and 

internally creates disturbances that detrimentally affect the 

process variable, and interaction from other loops in the 

network provides disturbances that influence the process 

variable. 

IV. FUTURE SCOPE 

System is bulky, this can be improved by reducing the 

number of connections. 

V. CONCLUSION 

We have successfully designed and manufactured the                    

setup of De Laval Nozzle by adjusting the lengths and 

properties of pressure gauges. 

REFERENCES 

[1] Borda, Comparison of Empirical and Theoretical 

Computations of Velocity for a Cold. Dinavahi, Surya, 

Champagne, Victor and Helfritch, Dennis. s.l.: IEEE, 

2010. 

[2] Korst, Mbuyamba, Jean-Baptiste Mulumba, 

“Calculation and Design of Supersonic Nozzles for Cold 

Gas Dynamic Spraying using MATLAB and ANSYS 

Fluent” [2013] 

[3] Badrinarayanan, Karla K., "Design Optimization of 

Nozzle Shapes for Maximum Uniformity of Exit Flow" 

[2012]. FIU Electronic Theses and Dissertations. Paper 

779. 

[4] Wood, Colaco J, Helcio RB Orlande and George S 

Dulikravich. "Inverse and Optimization Problems in 

Heat Transfer." J. of the Braz. Soc. of Mech. Sci. & Eng. 

XXVIII.No.1 (2006). 


