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Abstract—In this project we are going to design rocket
nozzle by using the catia v5r20 after completion of the
design we will do thermal analysis in three cases case
one without coating of ultra high temperature material
case two with one mm thickness of coating case three with
coating of 2mm thickness and we will observe the results
and will compare the results and we will conclude what is
the use of the ultra high temperature materials in
hypersonic vehicle application .

Indexed Terms—rocket nozzle, catia software, thermal
analysis, hypersonic vehicle application etc.

I. INTRODUCTION

Ultra-high-temperature ceramics (UHTCSs) are a class
of obstinate ceramics that offer brilliant steadiness at
temperatures surpassing 2000 ° being examined as
conceivable warm insurance framework (TPS)
materials, coatings for materials exposed to high
temperatures, and mass materials for warming
components. Comprehensively, UHTCs are borides,
carbides, nitrides, and oxides of early change metals.
Current endeavors have concentrated on substantial,
early progress metal borides, for example, hafnium
diboride (HfB2) and zirconium diboride (ZrB2); extra
UHTCs wunder scrutiny for TPS applications
incorporate hafnium nitride (HfN), zirconium nitride
(ZrN), titanium carbide (TiC), titanium nitride (TiN),
thorium dioxide (ThO2), tantalum carbide (TaC) and
their related composites.
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UHTC explore was to a great extent deserted after the
spearheading mid-century Manlabs work because of
the finishing of the Space Shuttle missions and the
disposal of the Air power spaceplane improvement.
After three decades, in any case, inquire about intrigue
was revived by a series of 1990s time NASA programs
planned for building up a completely reusable
hypersonic spaceplane, for example, the National
Aerospace Plane, Venturestar/X-33, Boeing X-37, and
the Air Force's Blackstar program. New research in
UHTCs was driven by NASA Ames, with look into at
the inside proceeding to the present through financing
from the NASA Fundamental Aeronautics Program.
UHTCs additionally observed extended use in differed
conditions, from atomic building to aluminum
creation.

e Physical properties

Most research led over the most recent two decades
has concentrated on improving the presentation of the
two most encouraging mixes created by Manlabs,
ZrB2 and HfB2, however critical work has proceeded
in describing the nitrides, oxides, and carbides of the
gathering four and five components. In contrast with
carbides and nitrides, the diborides will in general
have higher warm conductivity however lower
dissolving focuses, a tradeoff which gives them great
warm stun obstruction and makes them perfect for
some high-temperature warm applications. The
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liquefying purposes of numerous UHTCs are appeared
in Table 1. In spite of the high softening purposes of
unadulterated UHTCs, they are unacceptable for some
recalcitrant applications due to their high helplessness
to oxidation at raised temperatures.

e Thermodynamic properties

In correlation with carbide and nitride-based ceramics,
diboride-based UHTCs show  higher warm
conductivity (allude to Table 2, where we can see that
hafnium diboride has warm conductivity of 105, 75,
70 W/m*K at various temperature while hafnium
carbide and nitride have values just around
20W/m*K). Thermal stun obstruction of HfB2 and
ZrB2 was examined by ManLabs and it was
discovered that these materials didn't come up short at
warm angles adequate for the disappointment of SiC;
to be sure, it was discovered that empty chambers
couldn't be split by an applied outspread warm
inclination without first being indented on the inward
surface. UHTCs by and large display warm extension
coefficients in the scope of 5.9-8.3 x 10—6 K—1.The
auxiliary and warm strength of ZrB2 and HfB2
UHTCs results from the inhabitance of holding and
antibonding levels in hexagonal MB2 structures with
substituting hexagonal sheets of metal and boride
molecules. In such structures, the foremost wilderness
electronic states are holding and antibonding orbitals
coming about because of holding between boron 2p
orbitals and metal d orbitals; before gathering (1V), the
quantity of accessible electrons in a unit cell is
deficient to fill all holding orbitals, and past it they
start to fill the antibonding orbitals. The two impacts
lessen the general holding quality in the unit cell and
in this manner the enthalpy of arrangement and
dissolving point. Test proof shows that as one moves
over the change metal arrangement in a given period,
the enthalpy of development of MB2 ceramics
increments and tops at Ti, Zr, and Hf before rotting as
the metal gets heavier. Thus, the enthalpies of
arrangement of a few significant UHTCs are as per the
following: HfB2 > TiB2 > ZrB2 > TaB2 > NbB2 >
VB2.

e Mechanical properties

Table 3 records UHTC carbides and borides
mechanical properties It is critical that UHTCs can
hold high twisting quality and hardness at high
temperatures (over 2000 °C). UHTCs for the most part
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display hardness over 20 GPabecause of the solid
covalent bonds present in these materials. Be that as it
may, the various strategies for preparing UHTCs can
prompt incredible variety in hardness esteems. UHTCs
show high flexural qualities of > 200 MPa at 1800 °C,
and UHTCs with fine-grained particles display higher
flexural qualities than UHTCs with coarse grains. It
has been indicated that diboride ceramics integrated as
a composite with silicon carbide (SiC) show expanded
crack sturdiness (increment of 20% to 4.33 MPam1/2)
comparative with the unadulterated diborides. This is
because of material densification and a decrease in
grain size after preparing.

o Applications

UHTCs, explicitly Hf and Zr based diboride, are being
created to deal with the powers and temperatures
experienced by driving vehicle edges in barometrical
reemergence and continued hypersonic flight. The
surfaces of hypersonic vehicles experience outrageous
temperatures more than 2500 °C while likewise being
presented to high-temperature, high-stream rate
oxidizing plasma. The material structure difficulties
related with growing such surfaces have so far
constrained the plan of orbital reemergence bodies and
hypersonic air-breathing vehicles, for example,
scramjets and DARPA's HTV in light of the fact that
the bow stun before an unpolished body shields the
basic surface from the full warm power of the
onrushing plasma with a thick layer of generally thick
and cool plasma.

e NOZZLE

A nozzle (from nose, implying 'little spout’) is a holder
of evolving cross-a sectional area (generally ax
symmetric) going for extending the speed of a flood,
and controlling its bearing and shape. Nozzle stream
constantly makes powers identified with the
modification in stream vitality, as we can feel by
handholding a hose and opening the tap. At all mind
boggling occasion of a rocket nozzle, relative
development is made by shooting mass from a
chamber backward through the nozzle, with the
reaction powers acting mostly on the opposite
chamber divider, with a little duty from nozzle
dividers. As basic as the propeller is to shaft-engine
catalysts, so it is the nozzle to stream drive, since it is
in the nozzle that warm essentialness (or some other
kind of high-pressure imperativeness source) changes
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into dynamic essentialness of the exhaust, and its
related direct vitality making push.

e CONVERGENT NOZZLE

Convergent nozzle is used to grow the speed of the
fluid by decreasing the cross sectional district of the
nozzle dividers. the aera of the dividers furthermore
decrease by proportionately right now fundamental
weight extent is lesser then the back weight which
made by exhaust gasses

I1. INTRODUCTION TO CATIA

CATIA (Computer Aided Three-dimensional
Interactive  Application) is a multi-platform
CAD/CAM/CAE  commercial  software  suite
developed by the French company Assault Systems.
Written in the C++ programming language, CATIA is
the cornerstone of the Assault Systems product
lifecycle management software suite.

e SCOPE OF APPLICATION

Commonly implied as 3D Product Lifecycle
Management programming suite, CATIA supports
various periods of thing improvement (from
conceptualization, plan (CAD), manufacturing
(CAM), and building (CAE). CATIA empowers
network arranged structure transversely over orders,
including surfacing and shape layout, mechanical
planning, apparatus and systems engineering.
Commonly suggested as 3D Product Lifecycle
Management programming suite, CATIA reinforces
diverse periods of thing progression (from
conceptualization, plan (CAD), creating (CAM), and
structuring (CAE). CATIA empowers network
arranged structure across over controls, including
surfacing and shape layout, mechanical planning,
apparatus and systems structuring.

e Surfacing and Shape Design

CATIA gives a suite of surfacing, making sense of,
and discernment answers for make, change, and
support complex innovative shapes. From subdivision,
styling, and Class A surfaces to mechanical down to
earth surfaces.

Mechanical Engineering

CATIA engages the generation of 3D segments, from
3D draws, sheet metal, composites, and shaped,
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designed or tooling parts up to the importance of
mechanical social affairs. It offers devices to complete
thing definition, including pragmatic protections, and
furthermore kinematics definition.

e Equipment Design

CATIA engages the development of 3D segments,
from 3D draws, sheet metal, composites, and formed,
produced or tooling parts up to the significance of
mechanical social affairs. It offers instruments to
complete thing definition, including utilitarian
protections, and also kinematics definition.CATIA
supports the layout of electronic, electrical and
moreover passed on systems, for instance, fluid and
HVAC structures, the separation to the production of
documentation for amassing.

e Systems Engineering

CATIA offers a response for presentation complex and
sharp things through the structures building approach.
It covers the requirements definition, the systems
designing, the direct showing and the virtual thing or
embedded programming period. CATIA can be
revamped by methods for usage programming
interfaces (API). CATIA V5 and V6 can be balanced
using Visual Basic and C++ programming tongues
through CAA (Component Application Architecture);
a portion challenge appear (COM)- like interface.

1. ANSYS

The association was built up in 1970 by Dr. John A
Swanson Analysis frameworks, Inc. SASI. Its
essential job was to make and feature limited
component examination programming for auxiliary
material science that could reproduce static
(stationary), dynamic (moving) and warm trade
(warm) issues. SASI developed its business in parallel
with the improvement in PC advancement and
structuring needs. The association created by 10 to 20
percent year, and in 1994 it was sold to TA Associates.
The new owners took SASI's driving programming
called ANSYS as their pioneer thing and doled out
ANSYS, Inc as the new association name.

The ANSYS program is a multi-reason program,
suggesting that you can use it for a limited component
investigation in for all intents and purposes any
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industry - vehicles, flying, railways, mechanical
assembly, equipment, wearing stock, control time,
control transmission, and biomechanics, to indicate
just a couple. "Multi-reason in like manner suggests
the manner in which that the program can be used as a
piece of all controls of structure — assistant,
mechanical, electrical, electromagnetic, electronic,
warm, fluid, and biomedical. The ANSYS program is
moreover used as an enlightening gadget in schools
and other academic foundations.

ELEMENT CHARACTERISTICS:

LISTS OF ELEMENT TYPES:

The ANSYS program has a considerable library of
component sorts. A segment of the properties of the
component sorts, and their groupings, are depicted in
this part to make component sort assurance less
requesting.

The ANSYS component library contains in excess of
100 unmistakable component plans or sorts. A
component sort is perceived by a name (8 characters
most extraordinary, for instance, BEAMS3, including a
social event mark (BEAM) and an uncommon
distinctive number (3). The component is browsed the
library for use in the examination by contributing its
name on the component sort bring

TWO-DIMENSIONAL
DIMENSIONAL MODELS:
ANSYS models may be either two-dimensional or
three-dimensional depending on the component sorts
used. Two-dimensional models must be described in a
X-Y plane. They are less requesting to set up, and run
speedier than relative three-dimensional models.
Rotate Symmetric models are furthermore thought to
be two-dimensional.

VERSUS THREE-

If any three-dimensional component sort, (for
instance, BEAM4) is consolidated into the component
sort set, the model winds up doubtlessly three-
dimensional. Some component sorts, (for instance,
COMBIN14) may be a couple of dimensional,
dependent upon the KEYOPT regard picked. Other
component sorts, (for instance, COMBIN40) have no
effect in choosing the model estimations. Two-
dimensional component sorts may be used (with
caution) in three-dimensional models.
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FINITE COMPONENT TECHNIQUE

The limited component system (FEM) (its sensible
application routinely known as limited component
investigation (FEA) is a numerical technique for
finding inferred plans of inadequate differential
conditions (PDE) and furthermore of essential
conditions. The course of action approach is develop
either in light of getting rid of the differential condition
absolutely (steady state issues), or rendering the PDE
into an approximating game plan of customary
differential equation , then numerically joined using
standard methodology, for instance, Euler's procedure,
Runge-kutta , etc.

In handling partial differential conditions, the
fundamental test is to make a condition that
approximates the condition to be thought about, yet is
numerically enduring, inferring that goofs in the data
and center estimations don't total and make the
resulting yield be unimportant. There are various
strategies for doing this, all with good conditions and
shortcomings. The Finite Element Method is a not too
bad choice for settling partial differential conditions
over tangled spaces (like cars and oil pipelines), when
the territory changes (as in the midst of a solid state
reaction with a moving point of confinement), when
the pined for exactness varies over the entire zone, or
when the course of action needs smoothness. For
instance, in a frontal accident multiplication it is
possible to extend conjecture precision in
"fundamental" areas like the front of the auto and
decrease it in its back (as such reducing cost of the
reenactment). Another outline would be in Numerical
atmosphere estimate, where it is progressively basic to
have definite desires over developing extremely
nonlinear wonders, (for instance, tropical brutal
breezes in the earth, or whirls in the ocean) instead of
by and large calm local
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IV. RESULTS

Temperature distribution (1 mm coting)

V. CONCLUSION

In this project we did design of nozzle by using the
catiav5r20 after completion of design we did thermal
analysis on nozzle the main aim of the project is to
evaluate the thermal performance of the Ultra high
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thermal materials so for nozzle analysis we used zrb2
as a proposed material.

case 1 Inconel material, case 2 Inconel with one mm
thickness zrb2 coating, case 3 Inconel with two mm
thickness zrb2 coating. We find good results for case 3.
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