
Jan. 5, 1954 W. D. TEAGUE, JR 2,664,710 
WAPOR PRESSURE STARTER FOR INTERNAL-COMBUSTION ENGINES 

Filed March 9, 1949 2 Sheets-Sheet l 

i 

III, 
O FF : 

"Hurt" INVENTOR. O 

" 7AAGU/A WAR. H. M/A/7AAp /), 7A, 
BY 

2.47%as-A 
477 oawa - 

- 
c 

s a 
as CE 

  

  

  



Jan. 5, 1954 W. D. TEAGUE, JR 2,664,710 
WAPOR PRESSURE STARTER FOR INTERNAL-COMBUSTION ENGINES 

Filed March 9, 1949 2 Sheets-Sheet 2 

CUT OFF 
24 96 SWITCH 

HIGH TEMP. 
SWITCH 

dENTRIFUGAL 
SWITCH 

FIG. 3 

INVENTOR. 

W4/7AA O. 7AAGUE UAP. 

- a 77 OaMay 

  



Patented Jan. 5, 1954 2,664,710 

UNITED STATES PATENT OFFICE 
WAPORPRESSURE STARTERFORINTER NA-COMBUSTION ENGINES 

Water D. Teague, Jr., Alpine, N.J., assignor to 
Bendix Aviation Corporation, Teterboro, N.J., 
tacorporation of Delaware 

Application March 9, 1949, Serial No. 80,543 
3Claims. 

1. 
This invention relates generally to starting 

‘means and methods and to such apparatus and 
methods including means for starting internal 
“combustion engines for aircraft. 

In the starting of certain types of aircraften 
gines, particularly jet engines, considerable start 
ing power 'at high speeds is required, and the 
necessity for using a source of starting energy 
other than the conventional electric storage bat 
teries has become apparent. Starter systems 
have been proposed utilizing a fixed charge of 
stored energy for driving a starter motor, but the 
problems involved in safely harnessing the sud 
denly released motive power into sustained 
cranking of the aircraft engine have necessitated 
the construction of rugged and bulky-equipments 
and extensive safety precautions in order to safe 
guard the plane and occupants. Furthermore, 
the stored energy charge must be sufficient to 
start the engine under the most adverse condi 
tions which will entail a waste of surplus energy 
under normal and favorable conditions includ ing of course the problem of safely discharging 
such surplus energy without permitting the 
starter mechanism to attain'tunsafe speeds after 
being disengaged from the aircraft engine. 
One object of the present invention is to pro 

vide an effective 'simple, inexpensive and novel 
starter system for internal combustion engines, 
Another object of the present invention is to 

provide means for starting internal combustion 
engines requiring sustained high-speed crank 
ing and to do so by novel, 'safe and effective 
neahS. 
Another object of the present invention is to 

provide a simple novel starter utilizing generated 
steam for operating the starter motor. . . 
The above and other objects and features of the 

invention will appear more fully hereinafter from 
a consideration of the following description taken 
in connection with the accompanying drawings 
wherein one embodiment of the invention is il iustrated by way of example. , 

In the drawings, in which like numerals are 
used to designate the same elements of the sev 
eral figures: . . . 

Fig. 1 shows a schematic view of the novel 
starter system of the present invention. . . . . . . . 

Fig.2 shows an enlarged view of fan and fuel 
nozzle assembly of Fig. 1. . . . . . . - 

Fig. 3 shows a wiring diagram for controlling 
the operation of the starter systern of Fig. 1. 

In Fig. 1 the starter System is shown as com 
prising in general a steam generator G, a source 
of fuel 2 and ineans for transferring fuel from 

40 

(C.60- 106) . . 

the source to the steam generator shown as a 
fuel punip fa, a steam operable starter engine 
f6 operated from steam generated in the 'steam 
generator, means in the 'steam generator for ig 

5 initing the fuel in the form of a spark plug f8, 
‘and means for directing the burning gases over 
the steam generator heating surfaces shown as a 
fan20, including 'means for controlling the proper 
operation of the various components of the 
starter such as the thermostat chamber 22 arid 
control box. 24. 
The steam generator is illustrated as a water 

tube boiler IO but 'steam may of course be geh 
'erated in any number of ways well known ih the 
art without Öeparting from the scope of this in 
vention. Fuel enters fuel nozzle 26 through the 
hollow fanishaft 28 (Fig.2) from pipe 30 leading 
from fuel pump 32 and fuel tank 34. The op 
eration of the fuel pump is controlled from con 
trol box24. To adjust the pressure and anotint 
'of fuel entering the fuel nozzle a pressure regu 
lator 33 and check valve 60 are connected in pipe 
3. The steam generator or boiler FO comprises 
a boilerhousing 42 and spirally coiled water tubes 
44 and 26. Surrounding the water tubes are 
wallportions 48 and 50 forming a tempering water 
tank or jacket 52 and air preheat chamber 54, 
respectively. The 'water tank is filled through 
a filler pipe 53 which is provided with 'a safety 

30 pressuire and vacuum relief valve 55. Mounted 
on top of the boiler is a fan motor 56 driving a 
fan or blower 20 through the hollow fan shaft 
28 adapted to rotate within a tubular sleeve 58 
formed integrally with or welded to boiler hous 
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35 ing 82. Sleeve 58 is provided with a bore adapted 
to connect with fuel pipe 30 and fuel passes from 
the pipe into the sleeve, through openings 60 in 
the wall of the hollow shaft 28 to a fuel nozzle 
26 which is in the form of a disc having circum 
ferentially spaced radial outlet holes 6f. With 
the fah rhotoi runhing at constant speed and the 
fuel pressure constant, the force with which the 
fuel leaves the fuel nozzle outlets will depend Öh 
the diameter of the nozzle dise. The disc is re 
movably mounted on the fan shaft and may read 
ily be changed to suit the requirements of the 
particular fuel used. The fan shaft 28 is sealed 
relative to the sleeve 50 on both sides of the fuel inlet in order to prevent fuel from escaping be 

50 tween the sleeve and shaft. Air enters air fire. 
heat chamber 54 through air inlet openings 62 

forced into the combustion chamber 64 by 
in 20 and mixed with the fuel flowing from 

nozzle 60 and the fuel mixture is ignited from 
55 spark plug 8. The combustion takes place in 
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the chamber 64 and the burning gases are forced 
in between and in close contact with the Water 
tubes on their Way out through the exhaust flue 
66. The water tube boiler shown is of a semi 
flash type in which a single pass tube received 
fluid at the bottom thereof from the Water pump 
68 and passes it through the Spirally arranged 
coils 44 to the Superheater coils 46 which form a 
coil closely adjacent to the inner Surface of the 
wall of the combustion chamber, before it passes 
the superheated steam through pipe 7 leading 
to thermostat chamber 22. From the thermo 
stat chamber the Steam paSSes through a preSSure 
safety valve 2 to a starter motor 6 which is 
shown as a vane-type engine but may of course be 
of any suitable type such as a steam turbine or re 
ciprocating engine. The vane-type engine shown 
is lubricated from oiler 74 placed in the Steam line 
and which passes off Sufficient lubrication to 
keep the engine properly lubricated. Mounted on ; 
the motor shaft is a normally closed centrifugal 
switch 76 which opens when the engine reaches 
a certain predetermined speed, in this type of in 
stallation usually approximately 5000 R. P. M. at 
which speed it is safe to assume that the aircraft 
engine has fired and is able to continue under 
its own power. 
Water is stored in the Water jacket 52 and is 

pumped into the boiler by the water pump 68. 
A by-pass valve 80 actuated by and connected 
to a bulb located in the thermostat chamber 22 
by a tube 82 and by means of fluid expansion in 
the bulb it opens or closes the valve in response 
to steam outlet temperature. With the valve in 
closed position the water pump 69 is pumping 
water directly into the boiler tubing and in fully 
open position it allows the pump outlet to by 
pass back to the inlet thus merely circulating 
water through the pump. A check valve built 
integrally with the by-pass valve prevents boiler 
pressure from forcing boiler water back to the 
tank when the latter valve is fully open. 
A cool-off switch 84 is mounted on the exhaust 

flue and connected to the blower fan motor, the 
purpose of which will be apparent as the descrip 
tion proceeds. 
High temperature switch 86 is controlled by 

another bulb in thermostat chamber 22 and con 
nected thereto by a tubing 88. The high ten 
perature switch is normally closed and connected 
in series with centrifugal Switch 76. 
The operation of the system will be better un 

derstood by referring to Fig. 3 in which the elec 
trical control of the system is schematically out 
lined. A source of electromotive force 90 such 
as a storage battery is shown as being connected 
to one terminal of main Switch 92 shown as a 
simple toggle switch in closed position. The 
other terminal of Switch 92 is connected to One 
side of a push button switch 94 and to a bus 96 
connected to one common side of multiple con 
tact, Switch 98 arranged to be closed by relay 
69, contact. 02 serving to hold the relay fee in 

closed position after starter button is released, 
The relay is connected to ground through 
high temperature switch 86 and centrifugal 
switch 76. Contact 03 actuated with contact 
92 connects water pump 68, fuel pump 4, fan 

2G and through booster coil 04 spark plug 8 
to the source 99. Cool-off switch 84 is normally 
open but is closed when the exhaust gases reach 
a predetermined temperature and opens up again 
as the temperature sinks below this value and is 
connected between bus 96 and the input to fan 
20. The water pump. 68, the fuel pump 4, the 
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4 
fan 20 and the booster coil 04 are shown as 
being connected to the same contact 03 but it 
may be found advantageous to connect some or 
all of them to separate contacts. 
The Operation of the starter system is as foll 

OWS: 
The main switch 92 is closed and starter but 

tOn 94 is depressed to close relay C9 and thereby 
close contacts 02 and 103. When the starter 
button is released the relay will remain closed 
by the holding contact 02 which permits current 
to flow through the relay coil 00, the normally 
closed high temperature switch 86 and centrif 
ugal switch 76 to ground. The closing of the 
relay 00 will also close contact 03 and energize 
Water pump 68, fuel pump 4, fan 20 and spark 
plug 18. The fuel pump 4 will pump fuel from 
the fuel tank 2 through pipe 39, pressure regu 
lator 38, check valve 40 and hollow fan shaft, 8 
to the rotating nozzle 26. The fuel entering 
through the nozzle outlet holes 6 is mixed with 
air drawn from the air preheat chamber 54 by 
the rotating fan. 20. The fuel-air mixture is 
ignited by Spark plug 18 and the burning gases 
are forced over the water coils 44 and 45 through 
the exhaust outlet 66. While the boiler is build 
ing up steam pressure water pump 68 is merely 
circulating water by the action of the by-pass 
Valve 80. The generated steam is supplied to the 
starter engine 6 which begins to crank the air 
Craft engine as soon as the steam pressure builds 
up to a value Sufficient to overcome the resistance 
of the engine to turning. The starter engine 
shown for the sake of illustration is a vane-type 
engine permanently engaged to the aircraft en 
gine although piston or turbine steam engines, 
in and of themselves well known in the art, may 
of course be used, in which case it may be neces 
Sary to provide means for disengaging the starter 
from the aircraft engine such as by a jaw ad 
Vancing-retracting mechanism or by an overrun 
ning clutch. The System is protected against ex 
cessive steam pressure as by a safety valve 72 in 
the steam Supply line and against excessive tem 
peratures of the steam which may arise under 
abnormal operating conditions such as failure 
of the water supply, by high temperature 
Switch 86. The high temperature switch 86 is 
normally closed but will open in response to a 
temperature responsive element such as a fluid 
filled bulb exposed to the steam in thermostat 
chamber 22. When this switch 86 OpenS, the 
holding circuit for relay 100 will be interrupted 
and the System will shut off with the opening of 
contacts O2 and 103. 
When the steam temperature approaches a 

certain value, indicating that the water in the 
boiler tubes is getting low, by-pass valve 80 will 
admit water to the boiler in an amount depend 
ing on the temperature of the steam. Thus. 
When the steam temperature reaches a certain 
predetermined value, the by-pass valve will grad 
ually open thereby permitting water pump 68 
Which up to this time has merely been circulating 
Water from its output to its input through the 
by-pass valve, to force water into the boiler from 
the water tempering tank 52. If the steam tem 
perature continues to rise, the by-pass valve will 
continue to open until the pump is pumping 
Water into the boiler at full capacity. A drop in 
temperature will cause a corresponding decrease 
of Water Supplied to the boiler. If the steam 
temperature for some reason continues to rise, 
this indicates a fault in the system and will 
cause a shut down thereof by the action of high 
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temperature switch 86 as previously explained. 
Pressure relief valve 72 will prevent dangerous 
Steam pressure from building up in the system 
if the aircraft engine should abnormally resist 
Cranking. 
When the starter engine has attained a speed 

at which it is safe to assume that the aircraft 
engine has fired and is able to continue under 
its own power, the centrifugal switch 76 opens 
and thereby interrupts the holding circuit for 
relay 00 which causes contacts O2 and 03 to 
open thereby shutting off the system. In order 
to expel all the burning gases, there is provided 
a cool-off switch 84 which is adapted to close 
when the exhaust temperature reaches a pre 
determined value, and thereby connects the fan 
motor directly to the main bus 98. When the 
System is shut off and contacts C2 and 03 have 
opened, the fan will continue to run until the 
exhaust temperature falls to a temperature suffi 
ciently low to open the cool-off switch 84 thereby 
shutting the fan off. 
In the illustration of the preferred embodi 

ment of this invention, the system is shown as 
operating a single starter engine while of course 
the system may be located anywhere in the plane 
and may be used to start all the engines in a 
multi-engine plane. In the System described, 
water is used but, of course, any suitable fluid 
may be used to produce the pressure necessary : 
to operate the starter engine and other Suitable 
means for producing such pressure well known 
in the art may be utilized without departing from 
the scope of my invention. 
Although only one embodiment of the inven 

tion has been illustrated and described, various 
changes in the form and relative arrangements 
of the parts may be made to suit requirements. 
What is claimed is: 
1. A starter system for internal combustion 

engines comprising, a starter motor, a vapor gen 
erator for producing vapor under pressure to 
drive said motor including a combustion cham 
ber and exhaust means therefor and fluid con 
taining means having inlet and outlet means 
and having surfaces in heat exchanging rela 
tionship with said combustion chamber, means 
supplying fluid to said fluid containing means, 
means for introducing a combustible mixture 
into said combustion chamber, means for igniting 
said combustible mixture, means for forcing the 
combustion products over said heat exchanging 
surfaces and out said exhaust means, tempera 
ture responsive switch means adjacent said ex 
haust means, control circuit including circuit 
closing means energizing said combustible mix 
ture introducing means, ignition means, forcing 
means and supply means, means for deemergizing 
said circuit if vapor attains a predetermined 
temperature, and means for deemergizing said 
circuit upon said motor reaching a predeter 
mined speed, and said temperature responsive 
Switching means being adjacent said exhaust 
means for maintaining said forcing means in 
operation after the deemergization of said circuit 
until the temperature of said exhaust means has 
dropped to a predetermined safe temperature. 

2. In a starter System for an internal combus 
tion engine comprising a starter engine, a vapor 
generator for driving said engine and having a 
combustion chamber including exhaust means, 
and fluid containing means having inlet and 
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outlet and having Surfaces in heat-exchanging 
relationship with said combustion chamber means 
for Supplying fluid to said inlet of said fluid con 
taining means, means for introducing a combust 
ible mixture into said combustion chamber, 
means for igniting Said mixture, and means for 
forcing the combustion products over and between 
Said heat-exchanging surfaces and out said ex 
haust means; the combination of a control circuit 
for said System comprising a circuit closing means 
Setting in operation said means for Supplying 
fluid to said inlet of said fluid containing means, 
Said means for introducing a combustible mixture 
into said combustion chamber, said combustion 
product forcing means, and said ignition means; 
and means for opening said circuit closing means 
when the Starter engine to be started reaches a 
predetermined speed; and means responsive to 
the temperature of said exhaust gases for main 
taining Said means for forcing Said combustion 
productS in operation until the temperature of 
Said exhaust gases has fallen to a relatively low 
value. 

3. For use in a vapor pressure motor starting 
system for internal combustion engines; a vapor 
generator for producing vapor under pressure to 
drive said motor comprising a combustion cham 
ber and exhaust means therefor, fluid containing 
means having inlet and outlet means and having 
surfaces in heat exchanging relationship with said 
combustion chamber, means to Supply fluid to 
Said fluid containing means, means for introduc 
ing a combustible mixture into Said combustion 
chamber, means for igniting said mixture, fan 
means for forcing the combustion products over 
Said heat exchanging Surfaces and Out Said ex 
haust means, temperature responsive Switch 
means adjacent Said exhaust means, a control 
circuit including circuit closing means for ener 
gizing said combustible mixture introducing 
means, ignition means, fan means and Supply 
means, means for deenergizing said circuit upon 
said vapor attaining a predetermined tempera 
ture, means for deemergizing Said circuit upon 
said motor reaching a predetermined speed, and 
temperature responsive SWitching means adjacent 
said exhaust means for maintaining said fan 
means in operation after deenergization of Said 
circuit until the temperature of Said exhaust 
means has dropped below a predetermined tem 
perature, 

WALTER, D. TEAGUE, JR. 
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