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MOTORI A REAZIONE

 PROPULSIONE A REAZIONE O GETTO
 generazione di spinta necessaria all’avanzamento dei veicolo, che si 

basa sul lancio di massa in senso opposto
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 A turbojet engine, in its simplest form is simply a gas turbine 
with a nozzle attached 
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MOTORI A REAZIONE

 PRINCIPIO DELLA QUANTITA’ DI MOTO IN REGIME 
PERMANENTE
 Vettore spinta F = massa lanciata m * vettore velocità relativa al 

veicolo w / tempo t
 F = m w / t 

 apparato: propulsore a reazione o reattore
 MASSA PROPELLENTE A BORDO: endoreattore
 MASSA PRELEVATA DALL’AMBIENTE ESTERNO: 

esoreattore – se ambiente esterno atmosfera: aeroreattore
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ACCELERAZIONE DELLA MASSA

 mezzi puramente meccanici
 elica

 mediante altra forma di energia (motore a reazione)
 termica (termoreattori), elettrica, magnetica

 ENDOREATTORE
 differenza di pressione tra tra l’interno di questo e l’esterno, 

necessaria per avere la velocità di emissione w
 massa gassosa m/t che si sviluppa per il progredire delle reazioni 

chimiche
 orifizio di emissione del getto
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 ESOREATTORE
 sovrapressione necessaria all’efflusso
 compressore comandato da motore (turbina a gas): 

TURBOREATTORE
 presa dinamica – trasformazione in pressione dell’energia cinetica 

relativa (autoreattore o statoreattore)
 combustione in camere chiuse o semichiuse (funzionamento 

periodico): PULSOREATTORE

 se vettore velocità veicolo u e massa combustibile mb

 F = m (w – u) / t + mb w / t

 a cui si aggiunge una spinta statica se per espansione incompleta si 
stabiliscono differenze di pressione all’efflusso
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TURBOREATTORI SEMPLICI

 turbogetto
 presa dinamica, 

compressore, camera di 
combustione, turbina 
comando compressore, tubo 
effusore

 presa dinamica e effusore 
sono come il primo stadio di 
un compressore e l’ultimo 
stadio di un turboespansore
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TURBOJET ENGINE

 Because the exit velocity is greater than the free stream 
velocity, thrust is created as described by the thrust equation. 

http://www.grc.nasa.gov/WWW/K-12/airplane/thrsteq.html
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Gas Generator 

 The purpose of a gas 
generator is to supply high 
temperature and pressure 
gas 
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The Turbojet 

 By adding an inlet and a 
nozzle to the gas 
generator, a turbojet 
engine can be 
constructed. 

 The adaptions of the 
turbojet in the form of 
turbofan, turboprop, and 
turboshaft engines came 
with the need for more 
thrust at relatively low 
speeds. 
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 Compressor stage GE J79 
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 Combustion chamber GE J79 
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 Turbine Stage GE J79 



 20

Università del Salento - FACOLTA’ DI INGEGNERIA INDUSTRIALE – FACOLTA’ DI INGEGNERIA INDUSTRIALE – BrindisiBrindisi 
Dipartimento di Ingegneria dell’Innovazione - Lecce

 All the sections of the engine must operate in such a way to 
efficiently produce the greatest amount of thrust for a 
minimum of weight. 
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TURBOREATTORI COMPLESSI

 post-combustione
 aumento della spinta per brevi periodi
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 General Electric J79 turbojet with afterburner 
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 Afterburner GE J79 
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TURBOREATTORI COMPLESSI

 doppio-flusso
 parte dell’aria compressa 

inviata direttamente 
all’effusore

 aumento rendimento 
propulsivo alle basse velocità

 intermedio tra semplice elica e 
turboreattore
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Turbofan Engine

 a turbofan gets some of its thrust from the core and some of 
its thrust from the fan. 
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 Cutaway diagram of the General Electric CF6-6 engine 
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 CFM56-3 turbofan, lower half, side view. 

http://en.wikipedia.org/wiki/CFM56
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 A Rolls-Royce RB211 turbofan mounted on a Boeing 747. 

http://en.wikipedia.org/wiki/Rolls-Royce_RB211
http://en.wikipedia.org/wiki/Rolls-Royce_RB211
http://en.wikipedia.org/wiki/Boeing_747
http://en.wikipedia.org/wiki/Boeing_747
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The Turbofan 

 The turbofan engine consists of an inlet, fan, gas generator, 
and nozzle. 

 In the turbofan, a portion of the turbine work is used to supply 
power to the fan. 

 Generally the turbofan engine is more economical and 
efficient than the turbojet engine in a limited realm of flight.
 The thrust specific fuel consumption (TSFC, fuel mass flow rate per 

unit thrust) is lower for turbofans and indicates a more economical 
operation. 

 The turbofan also accelerates a large mass of air to a lower velocity 
than a turbojet for a higher propulsive efficiency. 

 The frontal area of a turbofan is quite large compared to a turbojet 
and for this reason more drag and weight results. 

 The fan diameter is also limited aerodynamically when compressibility 
effects occur. 
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The Afterburning Turbofan Engine 

 These high performance afterburning turbofan engines are 
used in both the F15 Eagle and F16 Falcon supersonic 
fighter aircraft. 
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 RIGENERAZIONE
 molte difficoltà
 perdite di pressione negli scambiatori e aumento peso propulsore
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Turboelica

 Il motore turboelica, anche indicato in lingua inglese come 
turboprop, costituisce una tipologia di turbina a gas. 
Differisce dal motore a getto in quanto è progettato per 
produrre la potenza attraverso la rotazione di un albero e non 
con la spinta dei gas di scarico. In altre parole la potenza del 
motore aziona un albero al quale è collegata un'elica. 

http://it.wikipedia.org/wiki/Lingua_inglese
http://it.wikipedia.org/wiki/Turbina_a_gas
http://it.wikipedia.org/wiki/Motore_a_getto
http://it.wikipedia.org/wiki/Elica
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Turboprop Engine

 The exhaust velocity of a turboprop is low and contributes 
little thrust because most of the energy of the core exhaust 
has gone into turning the drive shaft. 
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 A schematic diagram showing the operation of a turboprop 
engine. 
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 The P&W PT6, one of the most popular turboprop engines. 

http://en.wikipedia.org/wiki/Pratt_%26_Whitney_Canada_PT6
http://en.wikipedia.org/wiki/Pratt_%26_Whitney_Canada_PT6
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 Polish turboprop, single engine, two seat trainer PZL-130 
Orlik TC-I of Orlik Aerobatic Team 

http://en.wikipedia.org/wiki/Poland
http://en.wikipedia.org/wiki/Trainer_%28aircraft%29
http://en.wikipedia.org/wiki/PZL-130_Orlik
http://en.wikipedia.org/wiki/PZL-130_Orlik
http://en.wikipedia.org/wiki/Orlik_Aerobatic_Team
http://en.wikipedia.org/wiki/Orlik_Aerobatic_Team
http://en.wikipedia.org/wiki/Orlik_Aerobatic_Team
http://en.wikipedia.org/wiki/Orlik_Aerobatic_Team
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TURBOALBERO

 Il motore turboalbero è un tipo di 
turbina a gas usato 
principalmente sugli elicotteri. 
Differisce dal motore turboelica, a 
cui è per molti versi simile, per il 
fatto che la potenza del motore 
viene erogata attraverso un 
sistema di ingranaggi che è posto 
a 90° rispetto al motore stesso. 
Questo sistema è spesso montato 
vicino al baricentro del motore, in 
modo da distribuire lo sforzo su 
entrambi i lati dell'unità di 
potenza. 

http://it.wikipedia.org/wiki/Turbina_a_gas
http://it.wikipedia.org/wiki/Elicottero
http://it.wikipedia.org/wiki/Turboelica
http://it.wikipedia.org/wiki/Potenza_%28fisica%29
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The Turboprop and Turboshaft 
 A gas generator that drives a propeller is a turboprop engine. 
 The turboshaft engine is similar to the turboprop except that the power is supplied to a shaft 

rather than a propeller. 
 The turboshaft engine is used quite extensively for supplying power for helicopters. 

 The limitations and advantages of the turboprop are those of the propeller. 
 For low speed flight and short field takeoff, the propeller has a performance advantage. 
 At speeds approaching the speed of sound, compressibility effects set in and the propeller loses its 

aerodynamic efficiency. Due to the rotation of the propeller, the propeller tip will approach the speed 
of sound before the vehicle approaches the speed of sound. This compressibility effect when 
approaching the speed of sound limits the design of helicopter rotors and propellers. 

 At high subsonic speeds, the turbofan engine will have a better aerodynamic performance than the 
turboprop since the turbofan is essentially a "ducted turboprop." 
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Motore propfan

 Il motore propfan è un motore a 
getto turboventola modificato con 
le ventole poste all'esterno della 
gondola motore, sullo stesso 
asse delle palette del 
compressore. In apparenza il 
propfan ha una configurazione 
simile a quella di un motore con 
elica spingente. Il concetto che 
ha portato alla creazione di 
questa tipologia di motore era 
quello di unire la velocità e le 
prestazioni di un turboventola con 
quelle di economia di 
combustibile di un motore 
turboelica. Il motore propfan è 
anche conoscuto come motore a 
grande rapporto di diluizione 
(ultra high bypass). 

http://it.wikipedia.org/wiki/Motore
http://it.wikipedia.org/wiki/Turboventola
http://it.wikipedia.org/wiki/Ventola
http://it.wikipedia.org/w/index.php?title=Gondola_motore&action=edit
http://it.wikipedia.org/wiki/Compressore
http://it.wikipedia.org/wiki/Elica
http://it.wikipedia.org/wiki/Turboelica
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 Afterburning jet nozzles on an F-18 
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 Iris vectored thrust nozzle 
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ENDORETTORE razzo - rocket

 razzi termici (chimici)
 masse propellenti prodotte da 

reazioni chimiche esotermiche
 calori da reazioni nucleari 

(razzi nucleotermici)
 accelerazione di particelle 

elettricamente (razzi elettrici)
 campi elettrostatici o 

elettromagnetici; plasmi (ioni + 
elettroni)

 emissione fotoni
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 propellente liquido 
(combustibile e 
comburente)
 combustore + ugello di De 

Laval
 iniezione di liquidi mediante 

gas inerte o pompe di 
iniezione (mosse da turbogas)
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 propellente solido
 barre (grani) 
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AUTOREATTORE (ramjet)

 grandi velocità u di trasporto
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The Ramjet 

 The ramjet engine consists of an inlet, a combustion zone, 
and a nozzle. 

 The ramjet operates best at high supersonic velocities. 
 At subsonic velocities, the ramjet is inefficient and, in order to start the 

ramjet, air at a relatively high velocity must enter the inlet. 
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 The combustion process in an ordinary ramjet takes place at low 
subsonic velocities. If the inlet has to decelerate a high supersonic 
velocity air stream to a subsonic velocity, large pressure losses can 
result. 

 By using a supersonic combustion process, the temperature rise and 
pressure loss due to deceleration in the inlet can be reduced. This ramjet 
with supersonic combustion is known as the SCRAMJET (supersonic 
combustion ramjet). 
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 It must be remembered that since it takes a relative velocity 
to start the ramjet or scramjet, another engine system is 
required to accelerate aircraft like the X-30 to ramjet 
velocities. 
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SCRAMJET

 Il termine Scramjet è l'acronimo 
di Supersonic Combustion 
Ramjet e, come il nome lascia 
intuire, è una variante della 
propulsione Ramjet (in italiano 
"Statoreattore"), dalla quale 
differisce principalmente per il 
fatto che il flusso d'aria in camera 
di combustione è a velocità 
supersoniche; per velocità molto 
elevate, infatti, l'aria che viene 
rallentata dalla presa dinamica 
raggiunge temperature troppo 
elevate e non è più possibile 
somministrargli calore.

http://it.wikipedia.org/wiki/Acronimo
http://it.wikipedia.org/wiki/Statoreattore
http://it.wikipedia.org/wiki/Regime_supersonico
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 Diagram illustrating the principle of scramjet operation 
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 X-43A with scramjet attached to the underside 

http://en.wikipedia.org/wiki/X-43A
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PULSOREATTORE

 orifizi aerodinamicamente irreversibili
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ENDOAEROREATTORI

 Air-augmented rockets (also known as rocket-ejector, ramrocket, 
ducted rocket, integral rocket/ramjets, or ejector ramjets) use the 
supersonic exhaust of some kind of rocket engine to further compress air 
collected by ram effect during flight to use as additional working mass, 
leading to greater effective thrust for any given amount of fuel than either 
the rocket or a ramjet alone.

 They represent a hybrid class of rocket/ramjet engines, similar to a ramjet
, but able to give useful thrust from zero speed, and are also able in 
some cases to operate outside the atmosphere, with fuel efficiency as 
good or better than both a comparable ramjet or rocket at every point.

http://en.wikipedia.org/wiki/Working_mass
http://en.wikipedia.org/wiki/Ramjet
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 A turborocket is a type of aircraft engine combining 
elements of a jet engine and a rocket.

 Once a jet engine goes high enough in an atmosphere, there 
is insufficient oxygen to burn the jet fuel. The idea behind a 
turborocket is to supplement the atmospheric oxygen with an 
onboard supply. This allows operation at a much higher 
altitude than a normal engine would allow.

http://en.wikipedia.org/wiki/Aircraft_engine
http://en.wikipedia.org/wiki/Aircraft_engine
http://en.wikipedia.org/wiki/Aircraft_engine
http://en.wikipedia.org/wiki/Jet_engine
http://en.wikipedia.org/wiki/Jet_engine
http://en.wikipedia.org/wiki/Rocket
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Jet_fuel
http://en.wikipedia.org/wiki/Jet_fuel


 72

Università del Salento - FACOLTA’ DI INGEGNERIA INDUSTRIALE – FACOLTA’ DI INGEGNERIA INDUSTRIALE – BrindisiBrindisi 
Dipartimento di Ingegneria dell’Innovazione - Lecce

 Precooled jets engines feature a cryogenic fuel-cooled heat 
exchanger between the air intake and the (LP) compressor, 
to precool the air entering the compressor. After gaining heat 
and vapourising in the heat exchanger, the fuel (e.g. H2) is 
burnt in the combustor. 

 A liquid air cycle engine (LACE) is a spacecraft propulsion 
engine that attempts to gain efficiency by gathering part of its 
oxidizer from the atmosphere. In a LOX/LH2 bipropellant 
rocket the liquid oxygen needed for combustion is the 
majority of the weight of the spacecraft on lift-off, so if some 
of this can be collected from the air on the way, it might 
dramatically lower the take-off weight of the spacecraft. 

http://en.wikipedia.org/wiki/Spacecraft_propulsion
http://en.wikipedia.org/wiki/Spacecraft_propulsion
http://en.wikipedia.org/wiki/Spacecraft_propulsion
http://en.wikipedia.org/wiki/Earth%27s_atmosphere
http://en.wikipedia.org/wiki/LOX
http://en.wikipedia.org/wiki/LH2
http://en.wikipedia.org/wiki/Bipropellant_rocket
http://en.wikipedia.org/wiki/Bipropellant_rocket
http://en.wikipedia.org/wiki/Bipropellant_rocket
http://en.wikipedia.org/wiki/Liquid_oxygen
http://en.wikipedia.org/wiki/Liquid_oxygen
http://en.wikipedia.org/wiki/Liquid_oxygen
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 AUTOTURBOREATTORE
 vantaggi dell’autoreattore ad altissime velocità
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Turbojet/Ramjet Combined Cycle Engine 

 The J58 operates as an afterburning turbojet engine until it 
reaches high Mach when the six large tubes bypass flow to 
the afterburner. When these tubes are in use, the 
compressor, burner, and turbine of the turbojet are 
essentially bypassed and the engine operates as a ramjet 
with the afterburner acting as the ramjet's burner. 
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 Relative suitability of the turboshaft (left), low bypass 
turbofans (middle) and ordinary turbojects (right) for the flight 
at the 10 km attitude in various speeds 
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OPERATIONAL ENVELOPES 
 Each engine type and airframes will 

operate only within a certain range of 
altitudes and Mach numbers 
(velocities) - corridor of flight.

 The corridor is bounded by a lift limit, a 
temperature limit, and an aerodynamic 
force limit. 
 The lift limit is determined by the 

maximum level-flight altitude at a given 
velocity. 

 The temperature limit is set by the 
structural thermal limits of the material 
used in construction of the aircraft. At 
any given altitude, the maximum 
velocity attained is temperature-limited 
by aerodynamic heating effects. 

 At lower altitudes, velocity is limited by 
aerodynamic force loads rather than by 
temperature. 

 Schematic diagram showing simple 
ramjet operation, with Mach numbers 
of flow shown. 
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IMPULSO SPECIFICO 

 quoziente della spinta F per la massa di propellente nell’unità 
di tempo
 trascurando la spinta statica e  = m/mb

  = F/(m+mb) = [(w-u)+w]/(+1) = w - /(+1)*u

 razzo =0  = w
 esoreattore puro ->  = w - u
 per unità di peso  = (w – u) / g
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 Specific impulse as a function of speed for different jet types with kerosene fuel (hydrogen Isp would be 
about twice as high). Although efficiency plummets with speed, greater distances are covered, it turns 
out that efficiency per unit distance (per km or mile) is roughly independent of speed for jet engines as a 
group; however airframes become inefficient at supersonic speeds 

http://en.wikipedia.org/wiki/Specific_impulse
http://en.wikipedia.org/wiki/Specific_impulse
http://en.wikipedia.org/wiki/Specific_impulse


 81

Università del Salento - FACOLTA’ DI INGEGNERIA INDUSTRIALE – FACOLTA’ DI INGEGNERIA INDUSTRIALE – BrindisiBrindisi 
Dipartimento di Ingegneria dell’Innovazione - Lecce

RENDIMENTI

 rendimento termico (equivalenza motore) e

 incremento dell’energia cinetica rapportato all’energia cinetica spesa
 massa mb riceve energia cinetica w2/2

 massa mb riceve l’energia cinetica (w2-u2)/2

 Hm potere calorifico della MISCELA

 e = [ (w2-u2) + w2] / [2 Hm (1 + )]

 RAZZO  = 0 e = w2 / (2 Hm)

 ESOREATTORE -> e = (w2-u2) / [2 Hm]
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 RENDIMENTO GLOBALE g

 rapporto tra potenza utile resa e energia ricevuta nell’unità di tempo

 POTENZA: forza * velocità spostamento
 per aeroreattore, velocità spostamento = velocità relativa 

all’atmosfera u 
 g = F u / Q = (w – u) u / Hm

 ENDOREATTORE
 velocità non più definite
 perdita di masse portate a bordo che hanno acquistato una energia 

cinetica grazie al funzionamento precedente
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 per l’esoreattore si può tenere conto del termine mb/tu2/(2e) 
che descrive il calore che deve essere stato speso 
precedentemente per comunicare alle masse espulse la 
velocità u
 g = [ (w-u) + w] u / [Hm (1 + ) + u2/(2 e )]

 RENDIMENTO PROPULSIVO p = gv/ e

 perdita dell’energia cinetica 
 p = 2u [ (w-u) + w] / ([ (w2-u2) + w2] [1+u2/[2eHm(1 + )])])

 RAZZO p = 2u / (w2 [1+u2/[2eHm]]) = 2u / (w [1+(u/w)2]) 

 ESOREATTORE p = 2u / (w+u) = 2 / (w/u+1) 
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 Dependence of the engine 
efficiency (rendimento 
propulsivo) from the 
exhaust speed/airplane 
speed ratio, c/v 
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 Dependence of the energy 
efficiency (η) upon the 
vehicle speed/exhaust 
speed ratio (v/c) for rocket 
engines 
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CONSUMO SPECIFICO

 consumo specifico di calore: reciproco del rendimento utile

 consumo specifico di combustibile qb = 1 / (g Hi)
 qb kg/Joule; Hi Joule/kg

 qb = 632 / (g Hi) qb kg/CVh; Hi kcal/kg

 CONSUMO SPECIFICO DELLA SPINTA
 rapporto del consumo di combustibile nell’unità di tempo alla spinta
 qbs = qb u 

 qbs kgmassa/(s-N) = s/m; u m/s

 se Gb la portata in peso del combustibile

 qbs = Gb / F = 3600/427 u/ (g Hi)

 qbs kg/(h-kg) = 1/h; Gb kg/h; F kg
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PRESA DINAMICA

 in seguito al rallentamento della corrente relativa nel tubo di 
aspirazione si ha (trasformazione adiabatica):
 i2-i1 = (u2-w2

2)/2 = cp (T2-T1)
 2 uscita presa dinamica

 vi corrisponde un aumento di pressione in base al 
rendimento politropico yd 

 p2/p1 = (T2/T1)yd
x/(x-1) = [1+(u2-w2

2)/(2cpT1)yd
x/(x-1) 

  nei reattori w2
2 trascurabile rispetto a u2
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 il tubo diffusore deve essere a sezioni crescenti quando u è 
minore della velocità del suono, decrescenti e poi crescenti 
quando u è maggiore

 anche condotti semplicemente cilindrici possono dar luogo, 
seppure con minor rendimento, all’aumento di pressione 
voluto

 velocità supersoniche: si usa la sovrapressione dietro le 
onde d’urto frontali
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 duct work on an A-7 Corsair 
— the decreasing diameter 
of the inlet duct slows 
incoming air. 

http://en.wikipedia.org/wiki/A-7_Corsair
http://en.wikipedia.org/wiki/A-7_Corsair


 92

Università del Salento - FACOLTA’ DI INGEGNERIA INDUSTRIALE – FACOLTA’ DI INGEGNERIA INDUSTRIALE – BrindisiBrindisi 
Dipartimento di Ingegneria dell’Innovazione - Lecce

Aircraft Engine Performance Parameters 

 The two most useful performance parameters for 
airbreathing engines in aircraft propulsion are the thrust of 
the engine (F) and the trust specific fuel consumption (S). 

 www.aircraftenginedesign.com 

http://www.aircraftenginedesign.com/
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FATTORI DELLE PRESTAZIONI 
SPECIFICHE

 FATTORI ESTERNI
 velocità aereo
 quota di volo ovvero temperatura captazione aria

 FATTORI INTERNI
 lavoro di compressione (rapporto di compressione)
 temperatura di ammissione in turbina
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 The predicted variations of 
uninstalled engine thrust (F) and 
uninstalled thrust specific fuel 
consumption (S) with Mach 
number and altitude for an 
advanced fighter engine are 
plotted. 

 Note that the thrust (F) decreases 
with altitude and the fuel 
consumption (S) also decreases 
with altitude until 36k ft (the start 
of the isothermal layer of the 
atmosphere). 

 Also note that the fuel 
consumption increases with 
Mach number and the thrust 
varies considerably with Mach 
number. 
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COMPORTAMENTO DEL 
TURBOREATTORE AL VARIARE DELLE 
CONDIZIONI DI IMPIEGO

 comportamento spontaneo del turboreattore
 comportamento controllato (intervento del regolatore)

 mantenere costante la velocità angolare o la temperatura di 
ammissione in turbina

 mezzi di regolazione
 variazione portata pompa combustibile
 variazione sezione dell’effussore
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 The predicted partial throttle performance of the advanced 
fighter engine is shown at three flight conditions in Fig. 
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 The takeoff thrust of the JT9D high 
bypass turbofan engine is given in 
Figure 15a versus Mach number 
and ambient air temperature for two 
versions. Note the rapid fall-off of 
thrust with rising Mach number that 
is characteristic of this engine cycle 
and the constant thrust at a Mach 
number for temperatures of 86F 
and below (this is often referred to 
as a flat rating). 

 The partial throttle performance of 
both engine versions is given in 
Figure 15b for two combinations of 
altitude and Mach number. 



 99

Università del Salento - FACOLTA’ DI INGEGNERIA INDUSTRIALE – FACOLTA’ DI INGEGNERIA INDUSTRIALE – BrindisiBrindisi 
Dipartimento di Ingegneria dell’Innovazione - Lecce

REQUEST FOR PROPOSAL (RFP)

 describing the desired performance
 a milestone of a new engineering development program
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UNITA’ DI MISURA

 British Engineering (BE) 
system
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THE ATMOSPHERE

 properties presented in terms of the ratio to sea level 
reference value (subscript “std”)

 nonstandard atmospheres to probe the impact of reasonable 
extremes hot and cold days
 tropical day for naval operation

 ATMOS program
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 geometric or actual altitude h
 geo-potential altitude z only used 

for internal calculations 
(r0=6356.577 km)

 variation of temperature and 
pressure by piecewise functions

 T0=288.15 K

 g0=9.80665 m/s2

 R*=8314.31 J/kmol-K

 W0=28.9644 kg/kmol

 P0=101325.0 N/m2
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RELAZIONI FLUSSI COMPRIMIBILI

 total or stagnation temperature

 total or stagnation pressure

 mass flow parameter (based 
on total pressure)
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 static pressure mass flow 
parameters (combining 
eqs.)

 impulse function
 axial force exerted on the fluid 

Iexit-Ientry

 reaction force exerted by the 
fluid Ientry-Iexit
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 dynamic pressure
 ratio of specific heats

 REPRESENT THE BEHAVIOR 
OF THE GASES

 temperature and composition 
change (combustion)

 AIR 1.4
 2500-3000 °R 1.33 (1400-1700 

K)
 3000-3500 °R 1.30 (1700-1900 

K)
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REQUEST FOR PROPOSAL
AIR-TO-AIR FIGHTER (AAF)

 F-15
 The F-15's maneuverability is derived from low wing loading (weight to 

wing area ratio) with a high thrust-to-weight ratio enabling the aircraft 
to turn tightly without losing airspeed. The F-15 can climb to 30,000 
feet (10,000 m) in around 60 seconds. The thrust output of the dual 
engines is greater than the aircraft's weight, thus giving it the ability to 
accelerate in a vertical climb. The weapons and flight control systems 
are designed so that one person can safely and effectively perform air-
to-air combat.

 Empty weight: 28,000 lb (12,700 kg) 
 Loaded weight: 44,500 lb (20,200 kg) 
 Max takeoff weight: 68,000 lb (30,845 kg) 
 Powerplant: 2× Pratt & Whitney F100-220 or 229 afterburning 

turbofans 
 Dry thrust: 17,450 lbf (77.62 kN) each 
 Thrust with afterburner: 25,000 lbf for -220; 29,000 lbf for -229 (111.2 kN 

for -220; 129.0 kN for -229) each 
 Maximum speed:

 Low altitude: Mach 1.2 (900 mph, 1,450 km/h) 
 High altitude: Mach 2.5 (1,875 mph, 3,018 km/h) 

 Ferry range: 3,000 nm (3,500 mi, 5,600 km) with external fuel and 
conformal fuel tanks 

 Service ceiling: 65,000 ft (20,000 m) 
 Rate of climb: >50,000 ft/min (254 m/s) 
 Wing loading: 73.1 lb/ft² (358 kg/m²) 
 Thrust/weight: 1.12 (-220), 1.30 (-229) 

http://en.wikipedia.org/wiki/Wing_loading
http://en.wikipedia.org/wiki/Thrust-to-weight_ratio
http://en.wikipedia.org/wiki/Foot_%28unit_of_length%29
http://en.wikipedia.org/wiki/Metre
http://en.wikipedia.org/wiki/Maximum_Take-Off_Weight
http://en.wikipedia.org/wiki/Pratt_%26_Whitney_F100
http://en.wikipedia.org/wiki/Turbofan
http://en.wikipedia.org/wiki/Afterburner
http://en.wikipedia.org/wiki/Vno
http://en.wikipedia.org/wiki/Service_ceiling
http://en.wikipedia.org/wiki/Rate_of_climb
http://en.wikipedia.org/wiki/Wing_loading
http://en.wikipedia.org/wiki/Thrust-to-weight_ratio
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F-16
 General characteristics
 Empty weight: 18,238 lb (8,272 kg) 
 Loaded weight: 26,463 lb (12,003 kg) 
 Max takeoff weight: 42,300 lb (16,875 kg) 
 Powerplant: 1× Pratt & Whitney F100-PW-220 

afterburning turbofan 
 Dry thrust: 14,590 lbf (64.9 kN) 
 Thrust with afterburner: 23,770 lbf (105.7 kN) 

 Alternate powerplant: 1× 
General Electric F110-GE-100 afterburning 
turbofan 

 Dry thrust: 17,155 lbf (76.3 kN) 
 Thrust with afterburner: 28,985 lbf (128.9 kN) 

 Performance
 Maximum speed: >Mach 2 (1,320 mph, 2,124 

km/h) at altitude 
 Combat radius: 340 mi (295 nm, 550 km) on a 

hi-lo-hi mission with six 1,000 lb (450 kg) bombs 
 Ferry range: >3,200 mi (2,800 nm, 4,800 km) 
 Service ceiling: >50,000 ft (15,239 m) 
 Rate of climb: 50,000 ft/min (254 m/s) 
 Wing loading: 88.2 lb/ft² (431 kg/m²) 
 Thrust/weight: F100 0.898; F110 1.095 

http://en.wikipedia.org/wiki/Maximum_Take-Off_Weight
http://en.wikipedia.org/wiki/Pratt_%26_Whitney_F100
http://en.wikipedia.org/wiki/Turbofan
http://en.wikipedia.org/wiki/Afterburner
http://en.wikipedia.org/wiki/General_Electric_F110
http://en.wikipedia.org/wiki/Vno
http://en.wikipedia.org/wiki/Service_ceiling
http://en.wikipedia.org/wiki/Rate_of_climb
http://en.wikipedia.org/wiki/Wing_loading
http://en.wikipedia.org/wiki/Thrust-to-weight_ratio
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F-22

 The dual afterburning 
Pratt & Whitney F119-PW-100 
turbofans incorporate 
thrust vectoring. Thrust vectoring is 
in the pitch axis only, with a range of 
±20 degrees. The maximum thrust is 
classified, though most sources 
place it at about 35,000 lbf (156 kN) 
per engine. Maximum speed is 
estimated to be Mach 1.72 in 
supercruise mode and without 
external weapons; with afterburners, 
it is "greater than Mach 2.0" (2,120 
km/h), according to Lockheed 
Martin. 

http://en.wikipedia.org/wiki/Afterburner
http://en.wikipedia.org/wiki/Pratt_%26_Whitney_F119
http://en.wikipedia.org/wiki/Turbofan
http://en.wikipedia.org/wiki/Thrust_vectoring
http://en.wikipedia.org/wiki/Flight_dynamics
http://en.wikipedia.org/wiki/Classified_information_in_the_United_States
http://en.wikipedia.org/wiki/Pound-force
http://en.wikipedia.org/wiki/Mach_%28speed%29
http://en.wikipedia.org/wiki/Supercruise
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 The F119-PW-100 is an 
afterburning turbofan 
engine developed for the 
Lockheed Martin 
F-22 Raptor advanced 
tactical fighter by 
Pratt & Whitney 

http://en.wikipedia.org/wiki/Afterburner_%28engine%29
http://en.wikipedia.org/wiki/Turbofan
http://en.wikipedia.org/wiki/Lockheed_Martin
http://en.wikipedia.org/wiki/F-22_Raptor
http://en.wikipedia.org/wiki/Pratt_%26_Whitney


 112

Università del Salento - FACOLTA’ DI INGEGNERIA INDUSTRIALE – FACOLTA’ DI INGEGNERIA INDUSTRIALE – BrindisiBrindisi 
Dipartimento di Ingegneria dell’Innovazione - Lecce

 General characteristics
 Length: 62 ft 1 in (18.90 m) 
 Empty weight: 31,700 lb (14,379 kg) 
 Loaded weight: 55,352 lb (25,107 kg) 
 Max takeoff weight: 80,000 lb (36,288 kg) 
 Powerplant: 2× 

Pratt & Whitney F119-PW-100 Pitch 
vectoring turbofans, 35,000 lb (155.7 kN) 
each 

 Performance
 Maximum speed: ≈Mach 2.42 (1,600 mph, 

2,575 km/h) at high altitude 
 Cruise speed: Mach 1.72[39] (1,140 mph, 

1,825 km/h) at high altitude 
 Ferry range: 2,000 mi (1,738 nm, 3,219 km) 
 Service ceiling: 65,000 ft (19,812 m) 
 Rate of climb: classified (not publicly 

available) 
 Wing loading: 66 lb/ft² (322 kg/m²) 
 Thrust/weight: 1.26 
 Maximum g-load: −3/+9 g 

http://en.wikipedia.org/wiki/Maximum_Take-Off_Weight
http://en.wikipedia.org/wiki/Pratt_%26_Whitney_F119
http://en.wikipedia.org/wiki/Turbofan
http://en.wikipedia.org/wiki/Vno
http://en.wikipedia.org/wiki/Mach_number
http://en.wikipedia.org/wiki/VC_speed
http://en.wikipedia.org/wiki/F-22
http://en.wikipedia.org/wiki/Service_ceiling
http://en.wikipedia.org/wiki/Rate_of_climb
http://en.wikipedia.org/wiki/Wing_loading
http://en.wikipedia.org/wiki/Thrust-to-weight_ratio
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MISSION
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 In aviation, pressure altitude is the indicated altitude when 
an altimeter is set to 101.3 kPa (29.92 inHg US and 
Canada). 

http://en.wikipedia.org/wiki/Aviation
http://en.wikipedia.org/w/index.php?title=Indicated_altitude&action=edit
http://en.wikipedia.org/wiki/Altimeter
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PERFORMANCE
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