Jet Aircraft
Propuision L

Prof. Bhaskar Roy, Prof. A M Pradeep

Department of Aerospace Engineering,
IIT Bombay

Lect-38



JET AIRCRAFT PROPULSION Lect-38

INn this lecture...

« Thermodynamic cycle and
performance parameters of ramjets
and pulsejets

Prof. Bhaskar Roy, Prof. A M Pradeep, Department of Aerospace, IIT Bombay



JET AIRCRAFT PROPULSION Lect-38

Ramjet engines

Ramjet is the simplest of all the airbreathing
engines.

It consists of a diffuser, combustion chamber
and a nozzle.

Ramjets are most efficient when operated at
supersonic speeds.

When air Is decelerated from a high Mach
number to a low subsonic Mach number, it
results in substantial increase in pressure and
temperature.

Hence ramjets do not need compressors and
conseguently no turbines as well.
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Ramjet engines
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Schematic of typical ramjet engine
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Ramjet engines

T a-2: Isentropic

v compression in the intake
2-4: combustion at
constant pressure

7 4-7: Isentropic expansion
/ through the nozzle

Ideal ramjet cycle on a T-s diagram
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Ramjet engines

In an ideal ramjet cycle, there are no
Irreversibilities considered.

Therefore there are no pressure drops or
efficiencies of the components comprising a
ramjet.

If we assume complete expansion in the
nozzle, P,=P,=P,
We shall use the isentropic relations to

determine the variation of pressure and
temperature In the intake and nozzle.
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Ramjet engines

Intake :
Toa _g 4 Y- dye o pgo, oo = Tos g Y1y
T, 2 T, T, T, 2

y/(y-1)
Similarly,POa _ 1+Y_1M2 and, For _ 1+y—1
P 2 P 2

a e

From the above equations, IIDD =

a T
and therefore, M, =M, or u, = —=u=_|-2uU= /_I_—O“u
02
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Ramjet engines

Combustor :
Energy balance across the combustor gives,
mh,, + mQ = (M +m;)h,,
h,, + fQ =@ + Hh,,
CoTo, +TQ =@+ 1), Ty,
(CoTos 7C,Tp) -1
Q/c,Ty) —(c,To, /C,To,)

therefore, f =
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Ramjet engines
Thrust developed is:
F=mi@+fu, —ujor F/m=(1+fu, —u

We know that, u, =u Joa _ U Tos 1
TOa Ta 1+ Y — 1 MZ
2

The thrust equation can be re — written as

-1/2
F _MHRT @+ )\ Tos /Ta(1+ v;lej -1

m

and TSFC:ﬂzL,
F F/m
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Ramjet engines

A real or actual ramjet cycle will have
Irreversibilities like pressure drop and
efficiencies of intake, combustor and
nozzle.

: P
Pressure recovery of the intake, n, = 2=,
I:)Oa
' I:)04
Pr essure lossin the combustor, n, = o
02

: . P
Stagnation pressure ratio in the nozzle,n, = -

04

. P
Overall pressure ratio, 2~ = nn, 7,
Oa
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Ramjet engines

a-2: Compression in the
Intake

2-4: Combustion at
constant pressure

4-7 . Expansion through
, the nozzle

Real ramjet cycle on a T-s diagram
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Ramjet engines

The exhaust Mach number can be related to
the inlet Mach number as

5 1 P (v-1) /v ]
M2 = [—:J (1 + Y 5 sz[ndﬂ:bnn P_aj -1
Y~ e

In the above expression, if ny, =n, =, =1 and
P, =P,, then M, = M— ldeal ramjet cycle.
We can determine, f,by energy balance,

) (€0 Toa /CoaTos) - 1

B (M,Q/ CpaTOZ) - (CpgTO4 / CpaTOZ)
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Ramjet engines

=)

u, =M_,/yRT, =M \/yRTM LE =M \/ VF\;EM >
T, @+ M2

The specific thrust and SFC can be calculated
In a manner similar to that adopted for the ideal

ramjet.

E_fa+nu, -u+ 2@, -p)
m m

and TSFC — F/Lm
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Ramjet engines
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Variation of specific thrust and TSFC
with Mach number
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Pulsejet engines

 Pulsejet is a very simple engine like a
ramjet.

« Comprises of an intake, combustion
chamber and an acoustically resonating
exhaust pipe.

« Combustion occurs In pulses resulting Iin a
pulsating thrust.

 Two types of pulsejet engines: valved and
valveless engines.

 Pulse Detonation Engines (PDE) Is being
evolved conceptually.
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Pulsejet engines
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Schematic of typical pulsejet engine
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Pulsejet engines
Intake :

_1 v/(v-1)
P, =P, = Pa(l + ¥ ; sz

Similarly, T,, = T,, = Ta(l + ¥ ; 1|\/|2j
For an ideal pulsejet, P,, =P,,and T,, = T,,
Combustor :

Combustion takes place at constant volume (ideal cycle).

Therefore, P, =P, [hj
T02
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Pulsejet engines

Energy balance across the combustion chamber :

(rh +m; )CpT03 — mcpT02 +mQ

Simplifying,

Tailpipe :

Assuming, P, = pa,h _ (Pﬁ
T7

f =

(:IDT03 — (:IDT02

Q

— (:IOT03

P?

U, = |2C, T3

e

The thrust and TSFC can therefore be calculated.
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Pulsejet engines

a-2: Stagnation
pressure loss

2-3: Non 2-3

3-7: Non-isentropic
process

S

Real pulsejet cycle on a T-s diagram
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Pulsejet engines

A real or actual pulsejet cycle will have

Irreversibilities like pressure drop and
efficiencies of intake, combustor and
nozzle.

: P
Pressure recovery of the intake, n, = 2=,
I:)Oa
I I:)04
Pr essure lossin the combustor, n, = o
02

- . _ P
Stagnation pressure ratio in the tailpipe, n, = Pﬂ

04

. P
Overall pressure ratio, -2~ = nn, 7,
Oa
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Pulsejet engines

e Besides this combustion process may have
an efficiency associated with It.

_ CoTos — Cp T
M,Q — CpTO3

f

 The thrust and fuel consumption will be
affected as a result of the irreversibilities.
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INn this lecture...

« Thermodynamic cycle and
performance parameters of ramjets
and pulsejets
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INn the next lecture...

« Components of ramjets and
pulsejets
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