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Abstract  

In this paper CFD analysis of pressure and temperature for a rocket nozzle with two inlets at Mach 2.1 is 

analyzed with the help of fluent software. When the fuel and air enter in the combustion chamber 

according to the x and y plot, it is burning due to high velocity and temperature and then temperature 

increases rapidly in combustion chamber and convergent part of the nozzle and after that temperature 

decreases in the exit part of the nozzle. It is concluded in this paper that two inlet rocket nozzle is having 

better performance than single inlet. We know that the driving forces such as conversation, pressure and 

temperature gradient can causes species transport, momentum transport and energy transport respectively. 

Scientist have been worked on ―Comparison of the rocket engines efficiency in the case of low thrust 

orbit-to-orbit transfers‖ and their findings are the following: The main task of this paper is to compare two 

types of low thrust rocket engines: constant thrust vs. variable-thrust engines. They are concerned with 

efficiency, where efficiency is evaluated in the case of the orbit -toorbit transfer with maximum payload 

mass in the central Newtonian gravity field. 
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1. INTRODUCTION 

A jet engine uses a nozzle to accelerate hot 

exhaust to supply thrust as delineated by 

Newton'sthird law of motion. The study of the 

high-temperature gas flow in a nozzle has led to 

thedefinition of a certain number of parameters, 

characteristic serve as a basis for evaluation of 

arocket motor and, alsofor comparison between 

different systems. So, as to attain 

theseparametersmathematically.A 

nozzleisatubeofvaryingcross-

sectionalarea(usuallyaxisymmetric) aiming at 

increasing the speed of an outflow, and 

controlling its direction 

andshape.Inthesimplestcaseofarocketnozzle, 

relativemotioniscreatedbyejectingmassfromacha

mberbackwardsthroughthenozzle,withthereactio

nforcesactingmainlyontheoppositechamber wall, 

with a small contribution from nozzle walls. 

Two types of nozzle, 
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ConvergingnozzlesandConverging-

Divergingnozzle.Convergingnozzlesareusedtoac

celeratethefluidin subsonic gas streams (and in 

liquid jets), since at low speeds density do not 

vary too 

much,and𝑚=ρvA=constcanbeapproximatedbyvA

=const.Liquidjetsandlowspeedgasflowscanbestud

iedwithclassicalBernoulliequation(untilcavitation

effectsappearinliquidflows),but high-speed gas 

dynamics is dominated by compressibility 

effects in the liquid.(1)Thrust 

istheforcethatpropelsarocketspacecraftandismeas

uredinpounds,kilogramsorNewtons. 

Objectives 

Todesignanozzleforanidealrocketthathastooperat

eathighaltitudehavingthetargetedthrustandthenus

ageofnozzleforreactioncontrolsystemaswell. 

Todesignanozzleusinganalyticalmethod. 

StudyofcharacteristicsofNozzleforvariousoperatin

g condition. 

FlowanalysisofaxsymmetricusingCFD. 

History 

De Laval Nozzle Gustaf de Laval, a Swedish 

inventor, invented the De Laval Nozzle. 

Theconverging-diverging nozzle, is normally 

used to supply super-sonic jet velocity at the exit 

ofthe nozzle. In the convergent section of the 

nozzle, the pressure of the exhaust gases 

willincreaseandasthehotgasesexpandthroughthed

ivergingsectionattaininghighvelocities.Inthe 

nozzle, the combustion chamber pressure is 

decreases as the flow propagates towards theexit 

as compared to the ambient pressure i.e., 

pressure outside the nozzle. This results 

inmaximumexpansionknownasoptimumexpansio

n. 

2. IMPLEMENTATION  

SchematicDiagram 

 

Figure1 Schematicdiagramofrocketnozzle. 

Workingprinciple 

A 

rocketengineusesanozzletoacceleratehotexhaustt

oproduce 

thrustasdescribedbyNewton'sthirdlawofmotion.T

heamountofthrustproducedbytheenginedependso

nthemass flow rate through the engine, the exit 

velocity of the flow, and the pressure at the exit 

ofthe engine. The value of these three flow 

variables are all determined by the rocket 

nozzledesign.Anozzleisarelativelysimpledevice, 

https://www.grc.nasa.gov/www/k-12/rocket/rocket.html
https://www.grc.nasa.gov/www/k-12/rocket/rktth1.html
https://www.grc.nasa.gov/www/k-12/rocket/newton3r.html
https://www.grc.nasa.gov/www/k-12/rocket/rockth.html
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justaspeciallyshapedtubethroughwhichhotgasesfl

ow. Rockets typically use a fixed convergent 

section followed by a fixed divergent 

sectionforthedesignofthenozzle.Thisnozzleconfi

gurationiscalledaconvergent-divergent,or CD, 

nozzle. In a CD rocket nozzle, the hot exhaust 

leaves the combustion chamber 

andconvergesdown to theminimum area, or 

throat, of 

thenozzle.Thethroatsizeischosentochoketheflow

andsetthemassflowratethroughthesystem.Theflo

winthethroatissonicwhich means the Mach 

numberis equal to one in the throat. Downstream 

of the throat, thegeometry diverges and the flow 

is isentropicallyexpanded to a supersonic Mach 

number thatdepends on the area ratioof the exit 

to the throat. The expansion of a supersonic flow 

causesthestaticpressureandtemperatureto 

decreasefromthethroattotheexit,sotheamountofth

eexpansion also determines the exit pressure and 

temperature. The exit temperature determinesthe 

exit speed of sound, which determines the exit 

velocity. The exit velocity, pressure, 

andmassflowthroughthenozzledeterminesthe 

amount ofthrustproducedbythenozzle.On this 

swe derive the equations which 

explainanddescribe why a 

supersonicflowaccelerates in the divergent 

section of the nozzle while a subsonic flow 

decelerates in 

adivergentduct.Webeginwiththeconservationofm

assequation: 

3. RESEARCHMETH

ODOLOGY 

In ANSYS, the nuts and bolts of FEA ideas, 

displaying and the breaking down of 

designingissue utilizing ANSYS workbench. 

Likewise, portray of significance instruments 

and 

ideasgivenatwhateverpointrequired.thisfollowin

g 

reproductionsurgesofANSYS.Structuralanalysis:

StaticstructuralanalysisModalanalysisTransientst

ructuralanalysisThermalanalysis: 

SteadystatethermalanalysisTransientthermalanal

ysis. 

 

Fig2displayinganalysis ofANSYS. 

https://www.grc.nasa.gov/www/k-12/rocket/mflchk.html
https://www.grc.nasa.gov/www/k-12/rocket/mach.html
https://www.grc.nasa.gov/www/k-12/rocket/mach.html
https://www.grc.nasa.gov/www/k-12/rocket/isentrop.html
https://www.grc.nasa.gov/www/k-12/rocket/astar.html
https://www.grc.nasa.gov/www/k-12/rocket/sound.html
https://www.grc.nasa.gov/www/k-12/rocket/rktthsum.html
https://www.grc.nasa.gov/www/k-12/rocket/mass.html
https://www.grc.nasa.gov/www/k-12/rocket/mass.html
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4. CONCLUSION 

This paper was a detailed study on the design of a 

bell type nozzle using G.V.Rao method.To verify 

whether our design could sustain the stresses 

without suffering any major deformation and the 

stresses produced doesn’t produce any significant 

change in the contour of the nozzle. We have 

found out from this work that the stresses 

produced are much below the limit. We have 

performed the analysis to get a stable structure 
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