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NTEGRATED BOOSTER AND SUSTAINER 
ENGINE FOR A MISSILE 

FIELD OF THE INVENTION 

This invention relates to missiles such as cruise mis 
siles, and more particularly, to the integration of the 
booster and sustainer engines commonly used on such 
missiles. 

BACKGROUND OF THE INVENTION 

In commonly assigned U.S. application Ser. No. 
263,397 in the name of Jones and Weber, filed Oct. 27, 
1988, entitled "Sustainer Propulsion System" and as 
signed to the same assignee as the instant application, 
the details of which are herein incorporated by refer 
ence, there is disclosed a missile including a sustainer 
engine. The sustainer engine is a thrust producing gas 
turbine which is employed to sustain the flight of the 
missile. However, to initiate the flight of the missile, it is 
common to use a rocket engine to provide sufficient 
boost for the purpose. Typically, the rocket engine will 
be a solid fuel rocket engine. 
To launch the missile, the rocket engine is fired and 

either simultaneously, or shortly thereafter, the gas 
turbine engine is likewise started to provide sufficient 
thrust to sustain the flight of the missile to its target. In 
the usual case, a pyrotechnic device such as a conven 
tial start cartridge is employed to initiate operation of 
the gas turbine engine. Typically, the start cartridge is 
fired to generate gas under pressure and such gas under 
pressure is directed to the compressor or the turbine 
wheel or both to accelerate the engine rotor up to a 
speed where at its operation may be self-sustained, fre 
quently 15 or 20% of rated speed. At that time fuel is 
admitted to the engine combustor and sustained com 
bustion will occur to maintain operation of the engine 
and induce further acceleration up to rated speed. Con 
ventionally, this requires the addition of a set of nozzles 
for introducing the gases from the start cartridge into 
the gas turbine that are in addition to the nozzle by 
which gases of combustion generated in the engine 
combustor are directed against turbine wheel. 

In most any application of a gas turbine, it is desirable 
that the complexity of the components be minimized to 
reduce fabrication cost, minimize failure rates, increase 
the ease of servicing and the like. Where the gas turbine 
is employed in an airborne environment as in a cruise 
missile, it is further desirable that system weight be 
minimized so as to maximize payload, range, etc. 
The present invention is directed to accomplishing 

those objectives. 
SUMMARY OF THE INVENTION 

A principal object of the invention is to provide 
improved vehicle system such as cruise missile. An 

other object of the invention is to provide an improved 
starting system for gas turbine engines. Still another 
object of the invention is to provide a method of start 
ing a gas turbine engine and still another object of the 
invention is to provide a method of starting a missile 
such as a cruise missile. 
According to one facet of the invention, there is pro 

vided a vehicle that includes a vehicle body. A gas 
turbine engine is within the vehicle body and includes 
an air inlet, a rotor and an exhaust through which gas 
may be expelled to provide thrust and thus propel the 
vehicle body. A rocket engine is also disposed within 
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the vehicle body and includes a gas outlet for thrust 
producing gases to provide thrust and thus propel the 
vehicle body. The gas outlet is connected to the gas 
turbine so that operation of the rocket will windmill the 
rotor to accelerate the same to a self-sustaining speed 
whereby the rocket may be used to initiate propulsion 
of the vehicle while starting the gas turbine engine to 
sustain propulsion of the vehicle. This facet of the in 
vention eliminates the need for a separate start cartridge 
and related nozzles for the gas turbine by utilizing gases 
from the rocket engine for the dual purpose of starting 
the gas turbine engine and for providing propulsion for 
the vehicle body. 

In a preferred embodiment of the invention, the vehi 
cle is a missile. 
According to one embodiment of the invention, the 

gas outlet and the exhaust are connected to each other 
and constructed and arranged so that operation of the 
rocket engine will cause eduction of air through the 
turbine engine inlet to windmill the rotor. 
According to this aspect of the invention, the vehicle 

may have an exhaust nozzle and one of the exhaust and 
the outlet is connected to the exhaust nozzle and the 
other of the exhaust and the outlet is disposed within the 
exhaust nozzle. 

In a highly preferred embodiment of the invention, 
the gas outlet from the rocket engine is disposed within 
the exhaust nozzle. 
The invention also contemplates the provision of a 

combustor for the gas turbine engine along with a flame 
propagation tube extending from the rocket engine to 
the combustor to provide a means of igniting fuel in the 
combustor. 
According to another aspect of the invention, there is 

provided a gas turbine engine that includes a rotary 
compressor with a turbine wheel connected thereto to 
drive the same. An air inlet is provided for the compres 
sor and a combustion gas exhaust from the turbine 
wheel is also provided. A combustor for receiving air 
from the compressor and fuel from a fuel source and 
combusting the fuel to provide gases of combustion to 
drive the turbine is likewise provided. An eductor is 
located in the exhaust and means are provided for sup 
plying a gas under pressure to the eductor so that the 
gas under pressure going through the eductor will cre 
ate a relatively lower pressure in the exhaust such that 
air will enter the gas turbine through the inlet and flow 
to the exhaust and accelerate the compressor and the 
turbine wheel so that the gas turbine can be started. 

In a highly preferred embodiment of the invention, 
the supplying means comprises a solid fuel gas generat 
ing device. 
According to this facet of the invention, the gas tur 

bine construction is simplified since there need be no 
special nozzles to direct gas under pressure from a start 
cartridge or the like against rotating components of the 
gas turbine. 
According to still another facet of the invention, 

there is provided a method of starting a gas turbine 
engine which comprises the steps of: a) creating a rela 
tively lower pressure in the exhaust of the gas turbine 
engine to cause air to pass through the engine to accel 
erate the engine, b) continuing step a) until the engine 
reaches a predetermined speed and c) starting the en 
gine at the predetermined speed. 

In a highly preferred embodiment of the invention, 
step a) is performed by placing an eductor in the exhaust 
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of the engine and delivering gas under pressure to the 
eductor. 
According to still another aspect of the invention, 

there is provided a method of starting a missile of the 
type having a launch or booster engine for initiating 
flight and a gas turbine thrust engine for sustaining 
flight. The method comprises the steps of: a) initiating 
the propulsion of the missile by firing the rocket engine, 
b) simultaneously or thereafter utilizing at least some of 
the gas generated by the rocket engine to windmill the 
gas turbine engine and accelerate the same to a desired 
speed, and c) when the desired speed is achieved, start 
ing the gas turbine engine to provide sustaining propul 
sion for the missile. 

Other objects and advantages will become apparent 
from the following specification taken in connection 
with the accompanying drawings. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of a missile made according 
to the invention; and 

FIG. 2 is a sectional view of a modified embodiment 
of the missile. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An exemplary embodiment of a missile made accord 
ing to the invention is illustrated in FIG. 1 and is seen to 
include a vehicle body, rather schematically illustrated 
at 10. Within the body is a thrust producing gas turbine 
engine, generally designated 12. The body 10 is pro 
vided with air intake ports 14 and at least one exhaust 
port or nozzle 16. For further details of the ports 14 and 
16, reference may be had to the previously identified 
Jones et al. application. 
The gas turbine engine 12 is generally along the lines 

disclosed in the commonly assigned application of She 
kleton et al., U.S. Ser. No. 065,528, filed Jun. 22, 1987, 
and assigned to same assignee as the instant application, 
the details of which are herein incorporated by refer 
ence. For present purposes, it is sufficient to note that 
the same includes an air intake 18 in fluid communica 
tion with the ports 14 and an exhaust 20 in fluid commu 
nication with the port 16. The engine 12 includes a 
so-called monorotor 22 although other forms of rotors 
could be used as desired. In the illustrated monorotor 
configuration, the side of the rotor 22 facing the inlet 18 
includes compressor blades 24 while the opposite side of 
the rotor 22 includes turbine blades 26 to define a tur 
bine wheel. A forwardly extending, shaft-like extension 
30 of the rotor 22 is received in bearings 32 mounted in 
a fairing 34 located within the intake 18 by means of 
struts 36. The shaft 30 may be coupled to a fuel pump 38 
which provides fuel to an annular combuster 40 by 
means of fuel injectors (not shown). 
The compressor blades 24 discharge in the radial 

direction to an annular diffuser 42. The compressed air 
is then directed to a plenum 44 about the annular com 
buster 40 and enters the same through well-known 
means to provide for the combustion of fuel within the 
annular combuster 40. The annular combuster 40 in 
cludes an outlet 50 to an annular turbine nozzle 52 in 
surrounding relation to the blades 26. The nozzle 52 
directs the gases of combustion against the blades 26 so 
as to rotate the rotor 22 and thus the blades 24 to pro 
vide compressed air for operational purposes. Most of 
the energy of the gases of combustion, however, is 
directed out of the exhaust 20 to the port 16 to provide 
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4. 
thrust sufficient to sustain the flight of the missile body 
10. 
Also disposed within the missile body 10 is a so-called . 

booster rocket 60. Preferably, the booster rocket 60 is of 
the solid fuel variety and may otherwise be of a conven 
tional construction. In the embodiment illustrated in 
FIG. 1, the booster rocket 60 has a gas outlet 62 located 
within the ducting 64 that extends from the turbine 
exhaust 20 to the port or nozzle 16. It will be observed 
that the size of the gas outlet 62 is smaller than the 
cross-section of the ducting 64 at the point of termina 
tion of the former so that gases may flow about the gas 
outlet 62 after exiting the turbine exhaust 20. 

In addition, a small tube 66 extends from the rocket 
engine 60 to the interior of the combuster 40. The tube 
66 is a flame propagation tube. 
A similar embodiment is illustrated in FIG. 2. Here, 

however, rather than use one or more ports 16 that exit 
from the side of the vehicle body 10, a centrally located, 
rearwardly extending exhaust nozzle 80 is utilized. In 
addition, the rocket 60 may be made with a central 
opening 82 to fit about exhaust ducting 84 extending 
from the exhaust 20 of the engine 12 to the nozzle 80. In 
all other respects, the two embodiments may be identi 
cal. 

In operation, the missile is launched by firing the solid 
fuel rocket 60, and gas under pressure will pass through 
the gas outlet 62 toward the exhaust nozzle 16 or 80. 
The sizing of the gas outlet 62 with respect to the duct 
ing 64, 84, forms an eductor within the exhaust passage 
way. As a consequence, a low pressure area about the 
gas outlet 62 will be created when gas under pressure is 
exiting the same. 

In turn, air from the exterior of the missile body 10 
will enter the ports 14 and flow through the engine 12 to 
the area of low pressure created by operation of the 
solid fuel rocket 60. This flow of air through the engine 
12 will cause the rotor 22 to windmill and accelerate. 
When the rotor 22 has accelerated to a self-sustaining 

speed, typically 15-20% of rated speed, a conventional 
start procedure for the engine 12 may be performed. 
Of course, during the initial operation of the rocket 

engine 60, sufficient thrust will be produced at the ex 
haust nozzle 16, 80 to initiate flight of the missile body 
10. Subsequent starting of the engine 12 will provide 
sufficient thrust to sustain such flight. 

Ignition of fuel within the combuster 40 may be had 
without the use of a separate igniter by reason of the 
propagation of flame from the solid fuel rocket 60 to the 
combuster 40 via the flame propagation tube 66. 
A number of advantages flow from the foregoing. 

Through the use of eduction to create the low pressure 
area downstream of the engine 12, no special provision 
for start nozzles within the engine itself need be made. 
That is to say, the engine may be simplified in that it 
requires only the nozzle 52 for directing gases of com 
bustion from the combuster 40 against the rotor 22. The 
use of the flame propagation tube 66 also eliminates the 
need for one or more separate ignitors. 

In addition, the unique use of the boost or propulsion 
rocket 60 as a means of causing windmilling of the rotor 
22 and acceleration of the same for starting purposes 
allows start cartridges heretofore required for an engine 
such as the engine 12 to be omitted while their function 
retained. Again, there is a simplification and indeed, a 
weight reduction which permits an increase in pay load 
and/or range. 

I claim: 
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1. A vehicle comprising: 
a gas turbine engine within said vehicle body includ 

ing an air inlet, a rotor, and an exhaust through 
which gas may be expelled to provide thrust and 
thus propel the vehicle body, said rotor including a 
rotary compressor and a turbine wheel connected 
to the compressor to drive the same to compress air 
received from said air inlet, said gas turbine engine 
further including a combustor for receiving air 
from said compressor and fuel from a fuel source 
and combusting fuel to provide gases of combus 
tion to drive said turbine wheel; 

and a solid fuel thrust producing engine within said 
body and including a gas outlet for thrust produc 
ing gases to provide thrust and thus propel said 
vehicle; 

said gas outlet and said exhaust being connected and 
constructed and arranged so that operation of said 
solid fuel engine will cause eduction of air through 
said inlet to windmill said rotor and accelerate the 
same to a self-sustaining speed whereby said solid 
fuel engine may be used to initiate propulsion of 
said vehicle while starting said gas turbine engine 
to sustain propulsion of said vehicle. 

2. A vehicle comprising: 
a vehicle body; 
a gas turbine engine within said vehicle body includ 

ing an air inlet, a rotor, a combustor and an exhaust 
through which gas may be expelled to provide 
thrust and thus propel the vehicle body; 

a solid fuel thrust producing engine within said body 
and including a gas outlet for thrust producing 
gases to provide thrust and thus propel said vehi 
cle; 

said gas outlet and said exhaust being connected and 
constructed and arranged so that operation of said 
solid fuel engine will cause eduction of air through 
said inlet to windmill said rotor and accelerate the 
same to a self-sustaining speed whereby said solid 

6 
4. The gas turbine of claim 3 wherein said supplying 

means comprises a solid fuel gas generating device. 
5. The gas turbine of claim 3 wherein said supplying 

means comprises a solid fuel rocket engine and said gas 
5 turbine is a thrust producing turbine. - 

6. A cruise missile including a missile body having a 
propulsion gas outlet and including the gas turbine of 
claim 5 mounted in said body with said exhaust and said 
eductor coupled to said outlet so that said rocket engine 

10 may initiate flight of said missile while accelerating said 
gas turbine so that said gas turbine may be started to 
provide sustained thrust for propelling said missile. 

7. A vehicle comprising: 
a vehicle body; 

15 a gas turbine engine within said vehicle body includ 
ing an air inlet, a rotor, and an exhaust through 
which gas may be expelled to provide thrust and 
thus propel the vehicle body, said rotor including a 
rotary compressor and a turbine wheel connected 

20 to the compressor to drive the same to compress air 
received from said air inlet, said gas turbine engine 
further including a combustor for receiving air 
from said compressor and fuel from a fuel source 
and combusting fuel to provide gases of combus 

25 tion to drive said turbine wheel; and 
a rocket engine within said body and including a gas 

outlet for thrust producing gases to provide thrust 
and thus propel said vehicle; 

and said gas outlet and said exhaust being connected 
30 and constructed and arranged so that operation of 

said rocket will cause eduction of air through said 
inlet to windmill said rotor and accelerate the same 
to a self-sustaining speed whereby said rocket en 
gine may be used to initiate propulsion of said vehi 

35 cle while starting said gas turbine engine to sustain 
propulsion of said vehicle. 

8. A missile comprising: 
a missile body; 
a gas turbine engine within said missile body includ 

fuel engine may be used to initiate propulsion of 40 ing an air inlet, a rotor, and an exhaust through 
said vehicle while starting said gas turbine engine 
to sustain propulsion of said vehicle; and 

a flame propagation tube extending from said solid 
fuel engine to said combustor. 

3. A gas turbine engine including: 
a rotary compressor; 
a turbine wheel connected to said compressor to 

drive the same; 
an air inlet for said compressor; 
a combustion gas exhaust from said turbine wheel; 
a combustor for receiving air from said compressor 
and fuel from a fuel source and combusting the fuel 
to provide gases of combustion to drive said tur 
bine wheel; 

an eductor in said exhaust; and 
means for supplying a gas under pressure to said 

eductor; 
whereby gas under pressure flowing through said 

eductor will create a relatively lower pressure in 
said exhaust such that air will enter said gas turbine 
through said inlet and flow to said exhaust and 
accelerate said compressor and said turbine wheel 
so that the gas turbine can be started at a self-sus 
taining speed. 

which gas may be expelled to provide thrust and 
thus propel the missile body, said rotor including a 
rotary compressor and a turbine wheel connected 
to the compressor to drive the same to compress air 

45 received from said air inlet, said gas turbine engine 
further including a combustor for receiving air 
from said compressor and fuel from a fuel source 
and combusting fuel to provide gases of combus 
tion to drive said turbine wheel; and 

50 a rocket engine within said missile body and includ 
ing a gas outlet for thrust producing gases to pro 
vide thrust and thus propel said missile; 

said gas outlet further being connected to said gas 
turbine so that operation of said rocket engine will 

55 windmill said rotor and accelerate the same to a 
self-sustaining speed whereby said rocket engine 
may be used to initiate propulsion of said missile 
while starting said gas turbine engine to sustain 
propulsion of said missile. 

60 9. The missile of claim 8 wherein said rocket is a solid 
fuel rocket and said gas outlet is in said exhaust and 
operable to educt air through said gas turbine to wind 
mill the rotor. 
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