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MOTORES A REACCION

How a jet works

Escaping air does not
thrust balloon forward
by pushing against

atmosphers.

2011 Encyelopadia Britannica, Ine.
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MOTORES A REACCION

The Campini-Caproni C.C.2:
a piston-powered jet engine

How the engine works

[(AMPINI  CAPRONI <)

Air intake housing

o Air enters an intake at the
nose of the aircraft

Guide vanes
Inside the intake the air passes
through a three-stage compressor Three-stage
powered by an Isotta-Fraschini compressor
V-12 piston engine with variable-
pitch blades
e The compressed air passes
through the fuselage until it
enters an “afterburning” system Isotta-Fraschini

where fuel is added to the piston engine
compressed air and ignited

o The heated and expanding
gases are directed out through a
tailpipe creating jet thrust to
propel the aircraft

e An adjustable “bullet'is
used to change the
cross-sectional area of the
tailpipe outlet and control
the jet thrust

A comparison with a
contemporary turbojet and
a Caproni piston-engined
biplane fighter highlights
the C.C.2's weaknesses

E 1
F

ge interior

Forms an air duct connecting
the compressor with the
“afterburning” section
Caproni Campini- Gloster
Ca.165 Caproni C.C.2 E.28/39

B

Fuel
injectors

Maximum speed (m.p.h.)

L3 338

Ik

Maximum rate of climb (ft/min)

“Afterburning”
section

1,063

245 “]’

Weights, fully loaded (Ib) 9,260

" Adjustable
“bullet” <Empty

weight

Tailpipe

Graphic: lan Bott
www.ianbottillustration.co.uk
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MOTORES A REACCION

Admision Cﬂmpresi:‘f-n Combustion
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MOTORES A REACCION
COMPRESSION COMBUSTION EXPANSION
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DIFUSOR DE ENTRADA

Inlet air Plenum

Fan discharge screen chamber
é—_— (bypass) \ |
Ll
Divergent Engine
inlet duct
e — j
) Qil cooler
Conducto de entrada divergente
usado en motor turbofan de alto indice de
Conducto de entrada derivacion.
divergente subsonico de motor turbofan .
& k El motor turbohélice P&V

(Canadd) PT6 tiene la entrada de aire al
compresor en la parte trasera del motor.

Reduction gearing

Reduction gearing Reduction gearing

S amamas Ry

Ducted spinner inlet Conical spinner inlet Underscoop inlet

Conductos de entrada tipicos para motores turbohélice.
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DIFUSOR DE ENTRADA

Convergent supersonic portion Shock Divergent subsonic portion
wave

El aire de entrada supersonico se decelera hasta Mach 1'0 en la zona
convergente del conducto de entrada, formdndose una onda de choque. 4 partir de
la onda de choque el movimiento del aire es subsonico y sufre una mayor
deceleracion en la zona divergente del conducto de entrada antes de entrar en el

compresor.

Intakes "
Intake Recovery -
1 hock fpitst)

"

2 Shock
3 Dhock

lakake ressute recaveny
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DIFUSOR DE ENTRADA

Wedge retracted — Throat area increased

| —

Wedge extended — Throat area decreased

Dump valve used as Spill valve open to ;
scoop to increase airflow prevent turbulence BlmpEbag eyl ?g,ﬂ \éig,eesg?r?l 2
irflow

Subsonic Condition Supersonic Condition

El Conducto de Entrada variable de cuiia movil decelera el flujo de aire supersonico hasta una
velocidad subsonica, forzandole a fliir a través de una serie de ondas de choquie oblicuas y finalmente a
través de una onda de choque normal.

Supersonic Inlet

Subsonic Diffuser

Engine
face
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COMPRESOR CENTRIFUGO

Entrada
aire

Rotor Difusor Colector Doble cara. Doble compresor Triple compresor.

Componentes del compresor centrifugo. "Impellers" de distintos tipos de compresores centrifugos.

dy d,

Corona directriz con dlabes
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COMPRESOR CENTRIFUGO

Rolls-Royce
Turbojet Engine

Nene Mk]1
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COMPRESOR AXIAL

e COMPRESSOR
CASING
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Escalonamiento de un turbocompresor axial
y triangulos de velocidades
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sTAZoR ROTOR DISC Componentes del compresor axial.

Corona movil y distribuidor de

alabes guia en un compresor axial
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DIFUSOR

TURBINA

COMPRESOR DIFUSOR CAMARA

Difusor post-compresor (o difusor pre-camaras).
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CAMARA COMBUSTION
INDIVIDUAL

Tubo de
llama
1 o/ Qg ~
-, g o g o Q
. © G- s
— A% o 2 " T
<

Descarga del N © 2.0 Q. _~ Desczfga
compresor S a turbina

Tubos de
Cédmaras de propagacion
combustion de llama

Quemadores

Disposicion de camaras individuales.
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FLAME TUBE COMBUSTION
OUTER CASING

TURBINE
NOZZLE GUIDE
VANES

H.P COMPRESSOR QUTLET —
GUIDE VANES

COMBUSTION INNER
CASING

FUEL SPRAY NOZZLE

FUEL MANIFOLD
Y o DILUTION TURBINE CASING MOUNTING
COMPRESSOR CASING FLANGE
MOUNTING FLANGE AIR HOLES

Camara de combustion anular.

CAMARA COMBUSTION

ANULAR
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CAMARA COMBUSTION
ANULAR FLUJO INVERSO D

Free turbine for Comp! Centrifug:
propeller reduction gears turbine compressor

Fuel nozzle Diffuser Inlet air Screen

Exhaust L RRaaana!
I

v\ HHT

e
o=

Camara de combustion

Turbina del
generador

Combustor =, 0 o
=
Exhaust |
Three-stage
Shaft to propeller axial-flow Inlet air
reduction gears compressor

Motor turbohélice P&W (Canada) PT6 con camara anular de flujo inverso.

Centrifugal

Compressor Three Stage
< Axial Flow

Igniter Compressor

Fuel Nozzle

Exhaust Outlet

Reduction
Gearbox

£ || o |

£\

Compressor
Turbine
(Gas Producer)

Propeller
Drive Shaft

Free (Power)
Turbine Igniter

Fuel Nozzle
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CAMARA COMBUSTION

CAN ANULAR

TURBINE

OUTER AIR CASING DILUTION AIR HOLES
- MOUNTING FLANGE

FLAME TUBE I

\ “I L \ ' ,;; \

'%L .

SWIRL VANES

7
o
™~

PRIMARY AIR SCOOP

DIFFUSER CASE

Camara de combustion can-anular.

Holes for
Flame tube  secondary air

Connections to fuel manifold

Camara individual de un
conjunto de camara can-anular.
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SECONDARY SCREEN
1 Al
DUAL ORIFICE NGZZLE (130 MICRON)

Q%V ‘\\\

\\\\\\\

SWIRL SLOTS
PRIMARY FLOW
CUT IN: B-12% N,

SECCNDARY FLOW
CUT IN: 32% N,

PRIMARY AND SECONDARY

B

Fuel inlet port

III/I4 ./1)‘ >
‘\\.\\\Wa\\\

2 z\“

PRIMARY SCREEN
{65 MICRON)

ABOVE 32% N, SECONDARY
FUEL
FROM FUEL
CONTROL

FLOW
DIVIDER

MANIFOLD

PRIMARY

_ dyrr——

CAMARA COMBUSTION

INYECTORES

- Small slot
4% Largeslot
B Compressor discharge air

Air flow to prevent formation
of carbon over onfice

TANGENTIAL /’

SWIRL CHAMBER

. Fuel pressure
. Compressor delivery

A Simplex fuel spray nozzle.

DUPLE & DUPLEX

DUPLE AND DUPLEX
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TURBINA DE REACCION

(a)

TURBINAS

Rotor

TURBINA DE IMPULSO
(b)

Turbinas de reaccion y de impulso.

|—

NOZZLE |

)

N

—
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TURBINE

TN

Turbine driven by the impulse

of the gas flow only

| NOZZLE
_ \
==
T
— =

\

X

777
N

N

Turbine driven by the impulse
of the gas flow and its
subsequent reaction as it
accelerates through the
converging blade passage

Comparacion entre turbina de impulso y tubina de

accion-reaccion.
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TURBINAS

HIGH PRESSURE LOW PRESSURE
TURBINE TURBINE

LOW PRESSURE
TURBINE SHAFT

INTERMEDIATE
PRESSURE

/D

E LAVAL BULB ROOT

Tg&B.F"‘rE (with locking screw)
INTERMEDIATE ™
PRESSURE
TURBINE

FIR TREE ROOT \ FIR TREE ROOT B.M.W.HOLLOW BLADE
(with locking plate) (with shank seals) (with retaining pins)

[l +P cooling air

[ P cooling air
Rolis-Royce
2. Circuit diagram
reflects how cooling air
is delivered to individual
components
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DIFUSOR

EXHAUST CONE CONVERGENT

JET PIPE

CONVERGENT DIVERGENT

CONVERGENT (propelling) NOZZLE

=

STATIC
PRESSURE o
SONIC VELOCITY
GAACH 1Y ‘= SONIC VELOCITY
TURBINE REAR (MACH 1)
e TURBINE REAR W \ AMBIEN 5;2¥URE
SUPPORT STRUTS U ‘ PRESSURE _

VALUE
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=
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Nowe

Ja

COMMON OR INTEGRATED
EXHAUST NOZZLE

PARTIAL INTERNAL MIXING OF GAS STREAMS
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DIFUSOR
REVERSOR

AN

L SRR

IPTITITENNN
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DIFUSOR
REVERSOR

AAAAARANNNAA
SRR
SRR -

Pratt & Whitney JT8D-9A clamshell-type thrust reversers
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DIFUSOR
REVERSOR

Normal Airflow

Reversed Airflow

Ing. C. M. Movilla Motores a Reaccién 23



DIFUSOR
EMPUJE VECTORIAL
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MOTORES A REACCION

Compresor

High-pressure Hig.:l)'!-pressure
Fan compressor turbine

High-pressure

Low-pressure
shaft

Low-pressure Combustion Low-pressure Nozzle ©2014 Unitep TECHNOLOGIES CORPORATION — PRATT & WHITNEY DivISION
compressor chamber turbine
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MOTORES A REACCION

Gearbox Turbine Exhaust

Compressor

Combustion
chamber

Compressor

Compressor turbine Exhaust

Combustion Free (power) Power
chamber turbine shaft

Accessory
gearbox

Compressor Axial

Power
turbine

Reduction

gearbox turbine compressor

Centrifugal Inlet
Compressor screen

Propeller Exhaust Combustion
shaft chamber

B ———

v

“I . '--z—";_;i’ Y 'f' .'

‘Vf"‘
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MOTORES A REACCION

CHARGING
(shutter valve open)

FIRING
(shutter valve closed)

JET PIPE AND
PROPELLING NOZZLE
SUPPLY

AIR INTAKE COMBUSTION CHAMBER

= 'IIlF-IDMILL :‘:IE
nEY ConT POCHET

COMBYSTION

CHAMBE

PRAOSULIION
usIT PHEUMATIC
SERWO-MOTOR

JET
ORIFICE

wAINETIC COMPASS

FOLICIACS
MASTER GYRD  agi iy Langing
BUSE SwWITCH

. BB![L Iéo$|r"e L}
1. 18
4 ST0E

TUBULAR
wiIKC SPAR
WIRE WOUND

COMPRESSED
AR

PHEUMATIC
SERVO-MOTOR

(EPERA‘I’JHG
LEVATCR
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MOTORES A REACCION

Inlet Fuel injection
(M>1)

FUEL PUMP

DELIVERING

264 GALLONS

PER MINUTE
OXYGEN
CYLINDER

Compression Combustion Exhaust
(M<1 ) Chambef (~1>1 ) WEIGHT, EMPTY, 8180 POUNDS LENGTH A1 FEEY

SPEED 087 MACH
CLIMB. 16,400 FEET PER MINUTE SPAN 38 FEET

Leduc 021

1 Inner skin of ramjet duct 13 Flap jacks 24 Wingtip nacelle 37 Shatt bracket crown 49 Hydraulic battery for connecting rod
2 Burner crowns 14 Box spar fib 25 Box spar 38 Rudder pedals servo cantrals 63 Pitot head
3 Burner banks 15 Aileran serva-control 26 Leading-edge box 39 Viewing prism 50 Central body 64 Inspection panels
4 Elovator control angle drive 16 Alleron control angle drive 27 Pilol head 40 Control column 51 Hydraulic tank 65 Alleron mass balance
5 Elevator control rads 17 Aileron control 28 Batieries 41 Sliding canopy 52 Compressed air tank 66 Rudder control angle drive
6 Control rod housing connecting rod 29 Jettisanable electrical roller 53 VHF antenna 67 Rudder control
7 Jelpipe fore and aft 18 Aileron mass balance pick-up points. 42 Gabin bearers 54 Starter fuel tank Gonnecting rod
lialson frame 19 Outrigger wheel rear 30 Flight control line antry 43 Cabin chutes 55 Central fuselags tank 68 Rudder mass balance
& Turbine inlet housing daor 31 Jacotiet control box 44 Jetisonable cockpit 56 Central veil 69 Fin attachment points
9 Turbomeca Artouste | turbine 20 Retracted position of 32 Hydraulic control 45 Jettisonable control 57 Upper bracing post 70 Rudder serva control
10 Main undercarriage autrigger wheel shearing point angle dives 58 Aileron control angle drive 71 Tail braking parachute
members 21 Outrigger wheel jack 33 Oxygen botiles 46 VHF installation 59 Timing system 72 Elevalor servo control
11 Undercarriage housing 22 Outrigger wheel leg 34 Measuring instruments 47 Gonwertor 60 Rudder control relay 73 Twin tailwheels
d 23 Qutrigger whesl 35 Pitot head 48 Battery for undercarriaga 61 Rudder contral housing 74 Tailplane attachment peints

joors . .
12 Wing/fuselage liaison frame forward housing door 36 Canopy splined shaft and flaps 62 Rudder control 75 Elevator mass balance |ng. C. M. Movilla Motores a Reaccidon
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