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Useful simplifications in the analysis of aircraft/aeroengine operation (page 25):

CAa/pﬁf 3 L1 (600/{(@,71’

@ Analysis of aircraft/aeroengine operation is done in the aircraft frame-of-reference.
The engine is “stationary”.
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@ Core jet velocity = Bypass jet velocity = Jet velocity
Vej = Vo =V,
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Generation of thrust to propel the aircraft (page 25):
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Relationship to thrust measured on the ground (where V = 0 ) (page 26):

When tested on the ground, there is no inlet momentum (ram drag) so the engine

produces:
Gross thrust: Fq=m,V,  — (&TM&DM 3.2)

This is the number quoted as the engine “thrust”.

These two are related by: }i: Wi (\/v-f\/) < Mh«\/d— ~u;.&\/
Net thrust = Gross thrust — Ram drag
Fy = Fg - M,V o Thewst b as VT ald

oS 0{_/&&45[,(_ f &J}

The ram drag is the drag effect of the inlet air being “rammed” into the engine:

Ram drag = m_V
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Energy conversion process: “fuel” to “flight” (pages 27, 28, 29):
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][buz,/ ZL/DW /Dgu/-e/)f /% d{j

Ny = AKE _ AKE _ ;_r-na.(vjz_vz) - V“/‘IA Vuﬂ[@[(?{,oz
fuel heat release m, LCV m, LCV m AKE

S

LCV is the lower calorific value of the fuel, which is the energy released on complete

Thermal efficiency (page 28):

combustion if the water in the products is not condensed but remains as vapour.

Later we will see that the thermal efficiency is closely related to the thermodynamic

7{% /’L/’ 63 CL(_
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cyclic efficiency.
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Propulsive efficiency (page 27):
n = power to aircraft _ power to aircraft
P~ power to jet AKE

Power to aircraft = flight speed x net thrust:

VX F VD = I’M’& c/o 8 wof»é

=V rha(Vj -V)
Change in kinetic energy of airflow through the engine: Note
. / [\f—i—\/?)= (\/*Hy V- ~\9
AKE = Irh, (V7 -V?) J ) J
The propulsive efficiency:
N\ V- ’f i=V, =1
P~ 1p 2 \/2\
;m, (V7 =V?) V. +V [)OJ—/ FN:M(\{,——\A)=O

Known as the Froude equation for propulsive efficiency. NO THRUST!
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Overall efficiency (page 28): fw,, f/ow —F mse,/‘u/ ];owu 75 a»;/&f&ff

power to aircraft power to aircraft AKE
fuel heat release AKE fuel heat release
. = P x 'ft;
This can be expanded into: 70 7 7
n, = Thrgstxspeed _ Thrustxspeed _ 1 o Vv S/zcs fz‘_
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What do these efficiencies tell us about aircraft/aeroengine design? (page 29):

e)aocl wotch 15 WV@#/]LL‘JLLT codition
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Require high propulsive efficiency and high thermal efficiency.

Overall efficiency:

Propulsive efficiency:
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SO f{?q’t’ (\/ '-\/) ) Smal
Require jet speed V to be only slightly higher then the flight speed V.

needs o
fe [Mf)e—

However:  Thoaust wwst be madaised, / o
Net thrust: Fy=m (V V)
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[

SO need a very large air mass flow through the engine. — 5%3/3&5 S o é:)/)ass -QJ/LJLMQ.
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