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10.

" Answer ALL questions.

PART A — (10 x 2 = 20 marks)

Name the different regions of compressible fluid flow.
Differentiate nozzle and diffuser.

What is the value of the Mach number of air at the maximum point in the
Rayleigh heating process?

Compare Rayleigh flow and Fanno flow:

Why the shock waves cannot develop in subsonic flow?

Compare normal shock and oblique shock.

How is the turbofan engine different from the turboprop engine?
Why ramjet engine does not require a compressor and a turbine?

Classify rocket engines based on the source of energy employed.

Write the advantages of solid propellant rockets over liquid propellant rockets.




e PART B —(5x 13=65 marks)

----5“-An. an ]et at:. 300 Ix has sonic velocity. Detelmme the followmg
(1) Veloc1ty of eound at 300 K, Gi) Velocity of sound: at stagnation:
cond1t1ons (111) Maxunum velocity of the jet, (iv) Stagnation enthalpy and :
_(v) Crocco numbel Take Y=14R=287Jkg K.~ .

| (b) _:f:The velomty, pressure and temperature of a duct are 320 m/s, 1 bat and

995 K Calculate the following : (i) Stagnation pressure, (n) Stagnation
j_':.temperatule (111) Velocity of sound in dynamic corndition,’ (1v) Velocity of
sound in stagnatmn condition and (v) Stagnation pressure assummg
'constant cienSIty Take Y =14 R=287Jkg K :

' "-'._3';_:-_-"The preesure temperature and velocity of a gas in'a combustlon chamber
L '-'entry ‘are 0.35 bar; 300 K and 55 m/s. The increase in'stagnation
;enthalpy of the gas between entry and exit is 1170 kd/kg. Calculate the
G :3 ;. followmg (1) Fxit Mach number, (ii) Exit pressure, (iii) Exit temperature
.'-_ﬂ'and (w) Exzt veloc1ty Take Y= 1.4. Cp = 1.005 kd/kg K.

- (b) - Airenters a pipe of 25 mm diameter, at a Mach number of 2.4 stagnation

7 temperature of 300 K and static pressure of 0.5 bar. If the coefficient of

SRR ffietiqn' is 0.003, determine the following for a section at which the Mach

B ' number reaches 1.2. (i) Static pressure and temperature, (i) Stagnation
e 'pre'seu'r'e' and temperature, (iii) Velocity of air, (iv) Distance of this section
. from the inlet, and (v) Mass flow rate.

"13.° (a) . The stagnation pressure and temperature of the air at the entry of a
L B0 rozzle are 5 bar and 450 K respectively. The exit Mach number is 2.1
“where a normal shock occurs. Calculate the following quantities before
;_:"ein'd after the shock. (i) Static temperatures, (1) Stagnation temperatures,
© (i) Static pressures, (iv) Stagnation pressures, (v) Stagnation pressure

- loss, and (vi) Increase in entropy.

Or

. (by' An oblique shock wave occurs at the leading edge of a symmetrical

' “wedge. Air has a Mach number of 2.1 and a deflection angle (§) of 15°.
Determine the following for strong and weak waves (i) Wave angle,
(ii) Pressure ratio, (ili) Density ratio, (iv) Temperature ratio, and
{v) Down stream Mach number.
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(b)

(a)

(b

An aircraft ﬂles at a Spee{i of 5‘?0 kmph at an altltude of 6000 m. The
diameter of the propeller of an: a1rcraft is'2:4 m and the flight to jet speed
ratio 13 074 - Find the: foilowmg (1) The rate of air flow through the
propelier, (i) Thiust produced (111)‘ Spec1flc thiust (1V) Specify impulse,
and (v) Thrust power

01

A turbojet pr{)pels an a1rcraft at a speed of 900 kmfh while taking
3000 kg of air per mmute The 1sentropic enthalpy drop in the nozzle 1s
200 kd/kg and the nozzle efflclency is 90%. The air-fuel ratios 85 and the
combustion efficiericy is’ 95%. The calorific value of the fuel is
42,000 kJ kg. Calculate: (1) Propuls1ve power (11) Thermal efficiency, and
(1di) P10pu131ve eff101ency

Explain the constluctmn and operatlon ‘of a solid propellant rocket
engine. Also, name any four solid propellants.

Or

Describe with a schematic: diagram the principle of working of liquid
propellant rocket:’ Also wnte the de31rab1e characteristics of liquid
propellants.

PART C e (1 X 15 = 15 marks)

A rocket englne has the followmg data Effective jet velocity = 1200 m/s.
Flight to jet-speed = 0.82, Oxidizer flow rate = 3.4 kg/s. Fuel flow rate
= 1.2 kg/s. Heat of reaction per kg of the exhaust gases = 2250 Kd/kg
Calculate the following : (i) Thrust, (i) Specific impulse, (iii) Propulsive
efficiency. (iv) Thermal efficiency, and (v} Overall efficiency

Or

rocket nozzle has a throat area of 18 cm? and a combustor pressure of
25 bar. If the specific impulse is 127.42 sec and the rate of flow of
propellant is 44.145 N/s. determine the thrust coefficient, propellant
weight flow coefficient, specific propellant consumption and
characteristics velocity
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