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I.INTRODUCTION: 

The possibility of using a reaction jet had interested aircraft 
designers for a long time, but initially the low speeds of early 
aircraft and the unsuitably of a piston engine for producing the 
large high velocity airflow necessary for the ëjetí presented 
many obstacles. A French engineer, RenÈ Lorin, patented a jet 
propulsion engine (fig. 1-1) in 1913, but this Was an athodyd 
(Para. 11) and was at that period impossible to manufacture or 
use, since suitable heat resisting materials had not then been 
developed and, in the second place, jet propulsion would have 
been extremely inefficient at the low speeds of the aircraft of 
those days. However, today the modern ram jet is very similar 
to Lorin's conception. In 1930 Frank Whittle was granted his 
first patent for using a gas turbine to produce a propulsive jet, 

 

but it was eleven years before his engine completed its first 
flight. The Whittle engine formed the basis of the modern gas 
turbine engine, and from it was developed the Rolls-Royce 
Welland, Derwent, Nene and Dart engines. The Derwent and 

Nene turbo-jet engines had world-wide military applications; 
the Dart turbo-propeller engine became world famous as the 
power plant for the Vickers Viscount aircraft. Although other 
aircraft may be fitted; with later engines termed twin-spool, 
triple-spool, by-pass, ducted fan, inducted fan and prop fan, 
these are inevitable developments of Whittle's early engine. 

II. LITERATURE REVIEW 

Jet engine nozzle is designed for attaining speeds that are 
greater than speed of sound. The design of this nozzle came 
from the area-velocity relation (dA/dV) = (A/V) (1-M^2) M is 
the Mach number (which means ratio of local speed of flow to 
the local speed of sound) A is area and V is velocity the 
following information can be derived from the area-velocity 
relation  

I. For incompressible flow limit, i.e. for M tends to 
zero, AV = constant. This is the famous volume 
conservation equation or continuity equation for 
incompressible flow.  

II.  For M < 1, a decrease in area results in increase of 
velocity and vice versa. Therefore, the velocity 
increases in a convergent duct and decreases in a 
Divergent duct. This result for compressible subsonic 
flows is the same as that for incompressible flow.  

III.  For M > 1, an increase in area results in increases of 
velocity and vice versa, i.e. the velocity increases in a 
divergent duct and decreases in a convergent duct. 
This is directly opposite to the behavior of subsonic 
flow in divergent and convergent ducts.  
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IV. For M = 1, dA/A = 0, which implies that the location 
where the Mach number is unity, the area of the 
passage is either minimum or maximum. We can 
easily show that the minimum in area is the only 
physically realistic solution.  

One important point is that to attain supersonic speeds we 
have to maintain favorable pressure ratios across the nozzle. 
One example is attain just sonic speeds at the throat, pressure 
ratio to e maintained is (P throat / P inlet) = 0.528. 

 

Table: 1 

Regi
me 
Mac
h 

Subso
nic 

<1.0 

Transo
nic 

0.8-
1.2 

Son
ic 

1.0 

Supers
onic 

1.0-5.0 

Hypers
onic 

5.0-
10.0 

High-
hypers
onic 

>10.0 

From table.1 at transonic speeds, the flow field around the 
object includes both sub- and supersonic parts. The transonic 
period begins when first zones of M>1 flow appear around the 
object. In case of an airfoil (such as an aircraft's wing), this 
typically happens above the wing. Supersonic flow can 
decelerate back to subsonic only in a normal shock; this 
typically happens before the trailing edge. As the speed 
increases, the zone of M>1 flow increases towards both 
leading and trailing edges. As M=1 is reached and passed, the 
normal shock reaches the trailing edge and becomes a weak 
oblique shock: the flow decelerates over the shock, but 
remains supersonic. A normal shock is created ahead of the 
object, and the only subsonic zone in the flow field is a small 
area around the object's leading edge. 

The governing continuity, momentum, and energy equations 
for this quasi one-dimensional, steady, isentropic flow can be 
expressed, respectively.  

III.METHODS OF JET PROPULSION  

The types of jet engine, whether ram jet, pulse jet, rocket, gas 
turbine, turbo/ram jet or turbo-rocket, differ only in the way in 
which the 'thrust provider', or engine, supplies and converts 
the energy into power for flight. The ram jet engine (fig. 1-6) 
is an athodyd, or 'aero-thermodynamic-duct to give it its full 
name. It has no major rotating parts and consists of a duct with 
a divergent entry and a convergent or Convergent-divergent 
exit.   

 

When forward motion is imparted to it from an external 
source, air is forced into the air intake where it loses velocity 
or kinetic energy and increases its pressure energy as it passes 
through the diverging duct. The total energy is then increased 
by the combustion of fuel, and the expanding gases accelerate 
to atmosphere through the outlet duct. A ram jet is often the 
power plant for missiles and .target vehicles; but is unsuitable 
as an aircraft power plant "because it requires forward motion 
imparting to it before any thrust is produced.  

 The pulse jet engine (fig. 1-7) uses the principle of 
intermittent combustion and unlike the ram jet it can be run at 
a static condition. The engine is formed by an aerodynamic 
duct similar to the ram jet but, due to the higher pressures 
involved; it is of more robust construction. The duct inlet has a 
series of inlet 'valves' that are spring-loaded into the open 
position. Air drawn through the open valves passes into the 
combustion chamber and is heated by the burning of fuel 
injected into the chamber. The resulting expansion causes a 
rise in pressure, forcing. 

 

 

The valves to close and the expanding gases are then 
ejected rearwards. A depression created by the exhausting 
gases allows the valves to open and repeat the cycle. 
Pulse jets have been designed for helicopter rotor 
propulsion and some dispense with inlet valves by careful 
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design of the ducting to control the changing pressures of 
the resonating cycle. The pulse jet is unsuitable as an 
aircraft power plant because it has high fuel consumption 
and is unable to equal the performance of the modern gas 
turbine engine.  

The mechanical arrangement of the gas turbine engine is 
simple, for it consists of only two main rotating parts, a 
compressor and a turbine, and one or a number of 
combustion chambers. This simplicity, however, does not 
apply to all aspects of the engine, for as described in 
subsequent Parts the thermo and aerodynamic problems 
are somewhat complex. They result from the high 
operating temperatures of the combustion chamber and 
turbine, the effects of varying flows across the 
compressor. 

 

Fig. 2.1: Effects of varying flows 

IV.WORKING CYCLE   

The working cycle of the gas turbine engine is similar to that 
of the four-stroke piston engine. However, in the gas turbine 
engine, combustion occurs at a constant pressure, whereas in 
the piston engine it occurs at a constant volume. Both engine 
cycles show that in each instance there is induction, 
compression, combustion and exhaust. These processes are 
intermittent in the case of the piston engine whilst they occur 
continuously in the gas turbine. In the piston engine only one 
stroke is utilized in the production of power, the others being 
involved in the charging, compressing and exhausting of the 
working fluid. In contrast, the turbine engine eliminates the 
three 'idle' strokes, thus enabling more fuel to be burnt in a 
shorter time; hence it produces a greater power output for a 
given size of engine. Due to the continuous action of the 
turbine engine and the fact that the combustion chamber is not 
an enclosed space, the pressure of the air does not rise, like 
that of the piston engine, during combustion but its volume 
does increase. This process is known as heating at constant 
pressure. Under these conditions there is no peak or 

fluctuating pressures to be withstood, as is the case with the 
piston engine with its peak pressures in excess of 1,000 lb. per 
sq. in. It is these peak pressures which make it necessary for 
the piston engine to employ cylinders of heavy construction 
and to use high octane fuels, in contrast to the low octane fuels 
and the light fabricated combustion chambers used on the 
turbine engine. The working cycle upon which the gas turbine 
engine functions is, in its simplest form, represented by the 
cycle shown on the pressure volume diagram in fig. 2-2. Point 
A represents air at atmospheric pressure that is compressed 
along the line AB. From B to C heat is added to the air by 
introducing and burning fuel at constant pressure, thereby 
considerably increasing the volume of air. Pressure losses in 
the combustion chambers are indicated by the drop between B 
and C. From C to D the gases resulting from combustion 
expand through the turbine and jet pipe back to atmosphere. 
During this part of the cycle, some of the energy in the 
expanding gases is turned into mechanical power by 

 

The turbine; the remainder, on its discharge to atmosphere, 
provides a propulsive jet. Because the turbo-jet engine is a 
heat engine, the higher the temperature of combustion the 
greater is the expansion of the gases. The combustion 
temperature, however, must not exceed a value that gives a 
turbine gas entry temperature suitable for the design and 
materials of the turbine assembly. The use of air-cooled blades 
in the turbine assembly permits a higher gas temperature and a 
consequently higher thermal efficiency 
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V.CONSTRUCTION AND MATERIALS 

The exhaust system must be capable of withstanding the high 
gas temperatures and is therefore manufactured from nickel or 
titanium. It is also necessary to prevent any heat being 
transferred to the surrounding aircraft structure. This is 
achieved by passing ventilating air around the jet pipe, or by 
lagging the section of the exhaust system with an insulating 
blanket. Each blanket has an inner layer of fibrous insulating 
material contained by an outer skin of thin stainless steel, 
which is dimpled to increase its strength. In addition, 
acoustically absorbent materials are sometimes applied to the 
exhaust system to reduce engine noise. When the gas 
temperature is very high (for example, when afterburning is 
employed), the complete jet pipe is usually of double-wall 
construction with an annular space between the two walls. The 
hot gases leaving the propelling nozzle induce, by ejector 
action, a flow of air through the annular space of the engine 
nacelle. This flow of air cools the inner wall of the jet pipe and 
acts as an insulating blanket by reducing the transfer of heat 
from the inner to the outer wall. The cone and streamline 
fairings in the exhaust unit are subjected to the pressure of the 
exhaust gases; therefore, to prevent any distortion, vent holes 
are provided to obtain a pressure balance. The mixer unit used 
in low by-pass ratio engines consists of a number of chutes 
through which the bypass air flows into the exhaust gases. A 
bonded honeycomb structure is used for the integrated nozzle 
assembly of high by-pass ratio engines to give lightweight 
strength to this large component. Due to the wide variations of 
temperature to which the exhaust system is subjected, it must 
be mounted and have its sections joined together in such a 
manner as to allow for expansion and contraction without 
distortion or damage. 

 

 

 

 

VI.MODELING OF JET NOZZLES 

 

By revolving the above sketch we get the model of jet nozzle. 

VII.SOLIDWORKS FLOW SIMULATION PROJECT:  

A fluid flow analysis using Flow Simulation involves a 
number of basic steps that are shown in the following 
flowchart in figure. The process of setting up a Flow 
Simulation project includes the following general setting steps 
in order: choosing the analysis type, selecting a fluid and a 
solid and settings of wall condition and initial and ambient 
conditions. Any fluid flow problem that is solved using Flow 
Simulation must be categorized as either internal bounded or 
external unbounded flow. Examples of internal flows include 
flows bounded by walls such as pipe- and channel flows, heat 
exchangers and obstruction flow meters. External flow 
examples include flows around airfoils and fuselages of 
airplanes and fluid flow related to different sports such as 
flows over golf balls, baseballs and soccer balls. Furthermore, 
during the project setup process a fluid is chosen as belonging 
to one of the following six categories: gas, liquid, non-
Newtonian liquid, compressible liquid, real gas or steam. 
Physical features that can be taken into account include heat 
conduction in solids, radiation, time-varying flows, gravity 
and rotation. Roughness of surfaces can be specified and 
different thermal conditions for walls can be chosen including 
adiabatic walls or specified heat flux, heat transfer rate or wall 
temperature. 
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Figure 3: Flowchart for fluid flow analysis using Solid works 
Flow Simulation 

VIII.MESHING IN SOLID WORKS FLOW 

SIMULATION:   

Mesh consists of cells in the form of rectangular 
parallelepipeds. The Flow Simulation mesh can contain basic 
cells of three different types: fluid cells, partial cells and solid 
cells see figure below. Basic cells can be split during the 
process of refinement. During refinement, each basic cell is 
split in eight smaller cells with the same volume. Therefore, 
the volume of each refined cell is only l/8 of the original 
volume. The computational mesh is recommended to be 
constructed in the following order: 

a) Start by using the automatic mesh setting. Set the minimum 
gap size and minimum wall thickness to appropriate values. 

b) Turn off automatic settings and set your own basic mesh 
values with both the small solid features rehnement level and 
the curvature refinement level set to zero. Disable the narrow 
channel refinement. 

c) Increase both the small solid features refinement level and 
the curvature refinement level in steps and enable the narrow 
channel refinement. 

 

Figure 4: Different types of mesh shells 

 

Figure 5: Refinement of rectangular parallelepiped 

XI.APPLYING BOUNDARY CONDITIONS ON JET 

NOZZLES IN SOLIDS WORKS FLOW SIMULATION 

Select default fluid as air 

 

Using the result resolution of 3 as shown below: 

 

Mass flow inlet 50 kg/sec 
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At out let atmospheric pressure is taken 

 

Then  solving the flow simulation as shown: 

 

After solving the results we achieved proper convergence 

X. RESULTS AND CONCLUSION 

Designing of jet nozzle is made in solid works 

Pressure counters 

 

Velocity counters 

 

Mach number 

 

Pressure Trajectories 

 

Velocity trajectory 
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After changing the throat area and divergent area 

Pressure counters 

  

Velocity counters 

 

Mach number 

 

Mach number trajectory 

 

Pressure trajectory 

 

Velocity trajectory 

 

 

Designing of jet nozzle and CFD  analysis made in solid 
works. It is observed from the results that the maximum 
velocity is attained at throat area and divergent part of the 
nozzle. The flow is reached up to 7 Mach number at 
convergent region; Pressure is decreased at convergent region 
due to sudden expansion of flue gasses. Shocks waves are 
detected in jet nozzle due to high Mach number of flue gasses. 
If we vary the throat area and convergent area it may increase 
the performance of jet nozzle. 
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