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FIFTH SEMESTER
MECHANICAL ENGINEERING
ME 1303 — GAS DYNAMICS AND JET PROPULSION
(REGUTLATIONS 2007)

Time : Three hours Maximum : 100 marks

Use of approved gas tables is permitted in the university
examinations

Answer ALL questions.
PART A — (10 x 2 = 20 marks)
1. Define stagnation state.

2.  What is the advantage of using M* instead of M in some
cases?

3.  Draw a plot for the variation of area ratio with Mach
number.

4. What is meant by choking in nozzles?
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11.

Give two examples for Fanno flow in thermal system and
state reasons justifying it.

In a Rayleigh flow remains
constant.

Why are expansion shocks impossible?

Write down the expression for Rankine- Hugoniot relation
for normal shock waves.

What is meant by after burning in turbo jet engines?
Name any two solid propellants used in rocket engines.
PART B — (5 x 16 = 80 marks)

(@ () What is the difference between Bernoulli's
equation and steady flow equation? @)

(i) An air jet y = 14 and R = 0.287kJ/kgK) at
400K has sonic velocity determine

(1)  Velocity of sound at 400 K

(2) Velocity of sound at stagnation
conditions,

(3) Maximum velocity of jet
(4) Stagnation enthalpy
(5) Crocco number, (12)

Or
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®)

(a)

(b}

@)  Define Mach numbers M and M* @
(i) What is the effect of Mach number on
compressibility?

Prove that for y=14
) o LYNNE

P -p/-PC°=1+-M*+—M"*. (12)
2 4 40

A conical diffuser has entry and exit diameters of
15cm  and 30cm respectively. The pressure,
temperature and velocity of air at entry are 0.69 bar,
340K and 180 m/s respectively. Determine

(i) The exit pressure
(i) The exit velocity and
(i) The force exerted on the diffuser walls

= 1.4, Cp=1.00kdJ/kgk.
(16}

Assume isentropic flow,
7

Or

A gas is expanded Isentropically from p=10 bar and
t=525°Cin a nozzle to a pressure of 7.6 bar. If the
rate of flow of the gas is 1.5kg/s determine

(i)  Pressure, temperature and velocity at the
nozzle throat and exit

(i) Maximum possible velocity attainable by the
gas and

(iii) The type of nozzle and its throat area Take
7 =13 and R= 0.464kJ/kgk. (16)
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(@=125 cm, F=0.0045) at a Mach number 0.5,

pressure 3.0 bar and temperature 312K. if the flow
is isothermal throughout the duct determine

(i) the length of the duct required to change the
Mach number to 0.7

(i) pressure and temperature of air at M=0.7

(iii) the length -of the duct required to attain
limiting Mach number and

(iv) state of air at the limiting Mach number. (16)
Or

() A combustion chamber in a gas turbine plant
receives air-at 350K, 0.55 bar and 75m/s. The air
fuel ratio is 29 and the calorific value of the fuel is
41,87MJ/kg. Taking 7 =1.4 and R= 0.287kJ/kgK for

the gas determine:
(i) The initial and final Mach numbers,

(ii) Final pressure, temperature and velocity of the
8as,

(iii) Percent stagnation pressure loss in the
combustion chamber and

(iv) The maximum stagnation  temperature
attainable. (16)
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@)

o)

(@)

Starting from the Energy Equation for flow through
a normal shock obtain the following Prandtl-Meyer
relations:

CyCy =a™ and My My =1 (16)

Or

The ratio of the exit to entry area in a subsonic
diffuser is 4.0. The Mach number of a jet of air
approaching the diffuser at P, =1.013 bar, T=290K

is 2.2. There is a standing normal shock wave just
outside the diffuser entry. The flow in the diffuser is
isentropic. Determine at the exit of the diffuser

() Mach number,
(i) Temperature and
(iii) Pressure.

What is the stagnation pressure lass between the

initial and final states of the flow? (16)

An Aircraft flies at 960 kmph. One of its turbojet
engines takes In 40 kegfs of air and expands the
gases to the ambient pressure. The air fuel ratio is
50 and the lower calorific value of the fuel is
43MJ/kg. For maximum thrust power determine

Q) jet velocity
(i) thrust

(iti) specific thrust
(iv) thrust power

5
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Qb

propulsive, thermal and overall efficiencies
and

TSFC. (16)
Or

A rocket lies the following data

Propellant flow rate = 5.0kg/s

Nozzle exit diameter = l0cm

Nozzle exit pressuré = 1.02 bar

Ambient pressure = 1.013 bar

Thrust chamber pressure = 20 bar

Thrust = TkN

Determine the effective jet velocity, actual jet
velocity, specific impulse and the specific
propellant consumption 8)

With a neat sketch explain the working of a
hybrid engine. 8





