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ABSTRACT 

An external combustion engine system with the nox 
ious pollutant content of its emitted products of com 
bustion within the Standards set for 1976 by the Envi 
ronmental Protection Agency. Superheated steam is 
used as the powering vapor. The power expander is a 
vapor turbine with its pressure drop substantially at its 
input nozzle section. The power/torque demand of the 
engine system or vehicle therewith is met responsively 
by a rapidly acting vapor generator. Water is supplied 
by a variable displacement pump controlled by de 
mand power, as is the fuel and air to the combustor. 
The mass flow of the vapor generated is maintained 
substantially proportional to the throttle settings that 
controllably supplies the vapor to the turbine. 

3 Claims, 10 Drawing Figures 
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LOWPOLLUTION VAPOR ENGINE SYSTEMS 

BACKGROUND OF THE INVENTION 
The basic engine power cycles in current use were 

originated before the turn of the century. The Rankine 
cycle involves the vapor engine principle, wherein the 
engines are fueled externally (ECE). Most of today's 
cars, buses and trucks are fueled internally, as combus 
tion engines (ICE). The Otto cycle uses carbureted gas 
oline air/fuel mixtures that are exploded against the en 
gine's pistons. Gas turbines function generally on the 
Brayton cycle. Other variations are the Stirling and the 
Diesel engine cycles. Nevertheless, none of these en 
gine cycles transform the heat energy that is generated 
into practical work with high efficiency. The Carnot 
cycle delineates the theoretical limits of such power 
conversion from heat energy. 

10 

15 

The automakers have thoroughly mastered the mass 
production of ICE piston engines using liquid petro 
leum fuel. The automobile industry has thoroughly de 
veloped gasoline fueled ICE engines so that they cost 
less, weigh less, require less space, and use less fuel for 
given output ratings than other engine types currently 
available. Internal combustion engines however pres 
ent a high noxious pollution factor. In operation, mea 
sured fuel and air mixtures are fed into each cylinder 
successively, exploded, then exhausted to the atmo 
sphere, all at many times per minute. Their pistons con 
vert the explosion energy into work. The air/fuel mix 
ture often is improperly carbureted, and upon entering 
the cylinders only some portions of the charge burn 
well, while other portions have too little or too much 
fuel for the contained air. Another important defect is 
the relatively cooler cylinder walls that cause incom 
pletely burned fuel therein. 
The portions of the air/fuel charges that burn poorly, 

or not at all, contain carbon monoxide and hydrocar 
bons. The higher temperatures in the explosions cause 
the oxygen and nitrogen of air in the charge to form un 
wanted oxides of nitrogen (NO). To date, researchers 
have determined that these inherent faults of the ICE 
systems may be moderated but not sufficiently as to 
their noxious pollution. The relatively high adverse pol 
lutant emissions from ICE engines are today a signifi 
cant cause of smog and unhealthy city climates. The 
present invention is directed towards improved and 
practical ECE engines operated by superheated steam 
at high temperature and high pressure with relatively 
low resultant pollution. A single stage vapor turbine 
drive is used as the exemplary expander thereof. 
The gas turbine, and the vapor turbine system hereof, 

both burn fuel in a continuous manner, and in propor 
tion to output power demand. In the vapor turbine en 
gine (VTE) system the generated heat through fuel as 
heated gas is presented to the turbine through a differ 
ent medium, namely vapor or steam. In the gas turbine, 
the heated gas impinges directly upon the turbine 
wheel. Important components of the gas turbine thus 
are operated at relatively high temperatures. The gas 
turbine blades often glow at cherry red, well above 
2,000°F. They are fabricated of exotic metals to with 
stand this, resulting in a cost comparable to that of a 
whole conventional passenger ICE engine. Far less ex 
pensive parts and materials are required for the ECE 
vapor turbine hereof, as its operating temperature is far 
less than in a gas turbine. The combustor/vapor genera 
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2 
tor is apart from the turbine expander in the VTE sys 
tem and independent thermodynamically. This factor 
permits better control of fuel combustion over the VTE 
power operating range, permitting better fuel economy 
and lower noxious pollutant emission than possible in 
commercial gas turbine systems. 
There is considerable development activity on de 

vices to minimize pollutant emission from ICE systems, 
and from gas turbines as well. These involve catalytic 
converters, manifold security and after-burners. Such 
devices add to cost, space and weight, and still are quite 
difficult to keep maintained. The powering of the vapor 
turbine engine hereof is in a closed fluid cycle with neg 
ligible water or vapor depletion. The ECE engine sys 
tems can be readily fitted into the engine compart 
ments of conventional cars, buses, boats and trucks. 
Their fuel efficiency is comparable to that of ICE sys 
tems; and cost less to manufacture, particularly when 
exhaust cleaning devices are included in the ICE instal 
lations. Future engine systems will have to be low nox 
ious polluters. The Environmental Protection Agency 
and the Clean Air Act are presently forcing the issue. 
Ecological emission is becoming an important factor in 
the design and construction of engine systems for the 
future. The engine system of the present invention is 
directed towards that goal. 

SUMMARY OF THE INVENTION 

Water producing superheated steam has been found 
preferable to any available organic fluid as fluorocar 
bons. Water is stable at superheat. With water and 
steam there is no disintegration of fluid or vapor, or 
fowling of system components. The VTE system hereof 
comprises a combustor/vapor generator, a feedwater 
pump, throttle valve control, vapor turbine (the power 
expander), output reduction gearing, and a torque con 
verter as mechanical transmission to the output shaft 
and wheels. Superheated steam is generated by the 
combustor or burner as at the order of 1,000°F, and 
high pressure as at the order of 1,000 pounds per 
square inch (psi). The flow of the superheated steam to 
the vapor turbine is manually controlled through a 
throttle valve. The steam enters the turbine nozzles, 
and at supersonic velocity against the turbine blades, 
impelling the rotor to high speeds. Operating high 
speed of the turbine may well be 60,000 to 65,000 rpm. 
The resultant ease of vehicle operation, its smoothness, 
quietness and sensitive response to throttle position for 
output power and torque, compares favorably with 
commercial ICE vehicles. 
The expended steam enters a vapor condenser. It is 

then at substantially reduced energy level, at lower 
temperature and pressure. The vapor is thereupon con 
verted back to hot water. The water is moved into a 
standby or make-up tank, and thereupon recycled by a 
feedpump to the boiler of the vapor generator. Tem 
perature, pressure and rotational speed sensors are uti 
lized to coordinate the operation and safety of the com 
ponents of the ECE engine system hereof. These, in as 
sociation with mechanical, electrical and electronic 
controls automatically maintain predetermined system 
parameters. Once start-up is accomplished, the vehicle 
is directed by the driver and/or driving conditions, in a 
prompt and directly responsive manner. Such ECE en 
gine systems can be designed and constructed to power 
passenger cars, buses, boats, trucks, and industrial and 
off-the-road equipment. The operating cycles and sys 
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tem controls for each such type of installation are 
closely related. 
An important component of the exemplary ECE en 

gine system, is its unique combustor/vapor generator of 

4 

THE VAPOR ENGINE SYSTEM 

The exemplary power vapor turbine engine system 
10 is shown schematically in FIG. 1 as applied to a pas 

simple construction; and rugged, reliable and efficient. 5 senger bus. The fluid water fron make-up tank 15 is 
It assures relatively clean emission operation from 
idling through top power demand. The combustor 
thereof has full vaporization and combustion of com 
mercially available fuels, such as gasoline, kerosene, 
fuel oil and aircraft fuel. A combustor/vapor generator 
constructed with sufficient gross output to power pas 
senger cars rated at 120 HP, can be made the size of a 
spare tire, about 26 inches in diameter. One for a bus, 
with 240 HP gross engine output, is of the same diame 
ter, with less than twice the height. 
A further important feature of the exemplary ECE 

engine system is its control of vapor flow in its impact 
ing of the vapor turbine in proportion to power output 
demand. The steam throttle is operator-responsive as 
by linkage to the accelerator pedal, and controls the 
volume of ambient superheated steam to the impulse 
turbine wheel. Automatic controls maintain substan 
tially rated temperature and pressure of the steam out 
put of the vapor generator. The combustor is fueled 
through controlled air/fuel into it, the latter being held 
in general proportion to throttle position over a wide 
range, over 20 to , direct or transient torque and 
power output requirements. 
The combustor hereof has low noxious pollutant 

emission over the wide power range of the vehicle in 
use. The feedwater is fed into the vapor generator by 
a suitable pump in general proportion to output power 
demand. The result is a steam flow rate that is rapidly 
responsive to power demands on the ECE system as a 
whole. The respective steam and fuel and air mass 
flows, and their controls herein are continuous and 
continual while the engine system is ON, and provides 
a power drive basis for the vehicle that is as smooth and 
effective as commercial ICE cars, buses and trucks. 
The ECE system hereof is equally suited to marine in 
stallations and stationary power plants. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of the exemplary vapor 
turbine engine (VTE) system, as installed in a coach or 
passenger bus. 
FIG. 2 is a cross-sectional view through the exem 

plary combustor/vapor generator of the VTE system of 
FIG. I. 
FIG. 3 is a view in perspective of the combustor/va 

por generator of FIG. 2, with the boiler tube bundle re 
moved, and with the central combustor element modi 
fied. 
FIG. 4 is a view in perspective of the assembled vapor 

generator of FIG. 2, as seen from below. 
FIGS. 5, 6 and 7 are respective rear, plan and side el 

evational views of the VTE engine system of FIG. 1 as 
installed in the bus. 
FIG. 8 is an elevational view of the exemplary vapor 

turbine and its throttle control of the VTE system par 
tially cut away. 
FIG. 9 is a segmented cross-sectional view through 

the vapor turbine and throttle of FIG. 8. 
FIG. 10 is an elevational view of the vapor turbine 

and throttle of FIGS. 8 and 9 assembled with a foot 
pedal for a passenger car. 
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drawn by boost pump 14, and a positive inlet pressure 
is maintained along main fluid supply lines 16 and 17 
to high pressure feedpump 20, and startup of the vapor 
generator. A small portion of the high pressure fluid is 
divertable through normalizers 18, 19 for generator 
control, used intermittently for steam over 
temperature safety in a manner to be described. The 
main fluid flow is through feedpump 20 at sufficiently 
high pressure to main fluid lines 21, 22, 23, and 
through regenerators 24, 24'. As the water passes 
through regenerators 24, 24' it is heated by exhaust 
steam therein from turbine 25, as later described. The 
heated fluid flows along main lines 26, 27, 28 to inlet 
29 of the vapor generator 30. The operation of the 
novel vapor generator 30 with integral combustor 55 
hereof is described in detail hereinafter in connection 
with FIGS. 2, 3 and 4. 
The water is rapidly converted into superheated 

steam in vapor generator 30. Superheated steam 
emerges in outlet line 31, as in the order of 1,000F and 
1,000 psia. The steam outlet 31 connects with vapor 
lines 32 and 33, towards the input of power turbine (ex 
pander) 25. The exemplary turbine 25 has been found 
best to be of the impulse type, a single blade-wheel 
stage; as well as one of the Curtis type with two spaced 
turbine blade sets on a single wheel and stator therebe 
tween. Rapid response to power demands, up and 
down, is provided thereby due to the relatively low ro 
tational inertia of such single turbine wheel, as well as 
its having good power conversion efficiency herein 
over the power range. The steam expands through the 
turbine which, through reduction gearbox 35 powers 
the vehicle and the system accessory devices. Also, its 
low inertia permits more efficient and practical idling 
stage, with its prompt stopping and restart feasible. 
Exhaust steam from turbine 25 passes into exhaust 

plenum 36 and via steam lines 37, 37' through the 
vapor side of regenerators 24, 24'. The main feedwater 
fluid flow from output line 23 is through the regenera 
tors 24, 24' via schematically indicated connection 
lines 38, 38', to return main fluid lines 26, 27, 28. Heat 
transfer to the feedwater passed through the regenera 
tors improves cycle efficiency of the VTE system, and 
reduces the condenser cooling load. The bus VTE sys 
tem 10 involves generation of up to the order of 240 
horsepower at turbine 25. It has been found that two 
spaced condensers 40, 40', one on each side of the bus, 
(see FIG. 5) are sufficient. Only one such condenser 
need be used for a passenger car, for about one-half 
said power. Vapor output lines 39, 39' of the regenera 
tors respectively pass the exhaust steam into condens 
ers 40, 40'. The condensers have respective fans 41, 
41', with sufficient capacity to condense all the exhaust 
steam under all operating modes of the bus, so that ex 
cess steam need not be vented. Inlet shutters 42, 42' 
are desirably used at the air inlet position to condensers 
40, 40' to avoid excessive fluid cooling at low power 
condition, which would reduce cycle efficiency. The 
fluid phase from condensers 40, 40' is returned to 
make-up tank 15 via output lines 43, 44 through line 
45. The position of shutters 42, 42' is herein controlled 
through compressed air on the bus by respective elec 

m 
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trically actuated solenoid valves 78, 78' and cylinder? 
piston units 79, 79'. 
The pressure of the water and steam in vapor genera 

tor 30 is of the order of 1,000 psi. The feedwater is thus 
fed at sufficient pressure into the boiler tubes of vapor 
generator 30, via inlet 29. Boost pump 14 initiates the 
fluid from tank 15. The exemplary feedpump 20 is of 
the positive and variable displacement type. The feed 
water is controllably directed into the inlet 29 by the 
feedpump 20. Pump 20 is driven through pulley 46. Ac 
tuator 47 couples to lever 48 extending from pump 20. 
The position of lever 48 controls the rate of feedwater 
pumped. 
Pump actuator 47 is control-operated through a 

small servo-motor therein, connected to control signals 
by leads 49. The control signals therefor are derived 
from systern power/torque demand as determined from 
the vapor mass flow via throttle setting into turbine 25. 
Fluid output of feedwater pump 20 is directed to fluid 
line 21, in series with surge tank 52 and filter 53, as of 
10 micron size. The main fluid enters input line 29 of 
vapor generator 30 at sufficient pressure to replace 
evaporating water in the boiler tubes. 
Vapor generator 30 converts the fed-in feedwater 

into high-temperature high-pressure vapor, as super 
heated steam. Combustor 55 is constructed integrally 
with vapor generator 30. Combustor 55 is fired with a 
continual flow of fuel held mixed with air in generally 
predetermined mass proportion, as will be explained. 
Towards this end, fuel tank 56 connects to electric fuel 
pump drive 57. The fuel is directed through solenoid 58 
to U-shaped feed nozzle 61 into spin cup 60. An elec 
tric motor 62 of small power spins cup 60 at a predeter 
mined rate as 12,000 rpm, atomizing the fuel that im 
pinges thereon into a radially spread-out fine spray in 
torroidal shape within combustor 55. Once ignited by 
spark-plug 63 an intense combustion starts and is main 
tained therein. 
The combustor 55 is constructed to have particularly 

low proportions of noxious pollutants in its exhaust 
emission. Tests in actual operation in a 50-passenger 
bus have shown that its exhaust safely meets the 1976 
Standards of the EPA Clean Air Act referred to. Its gas 
eous exhaust passes through ducts 65, 65' arranged to 
emit them generally from the rear of the vehicle. Fuel 
pump 57 is electrically operated through its terminals 
59 by electric control current derived in proportion to 
the setting of throttle lever 51 or equivalent power de 
mand signals, whereby the fuel feed into cup 60 is di 
rectly consonant with output power/torque demand. 
Thus the basic fuel energy supplied to combustor 55, 

as well as the mass offeed fluid flow into vapor genera 
tor 30, are maintained in direct mass relation over the 
operating range of the VTE system. The volume and 
power of the superheated steam responsively delivered 
from generator 30 to turbine 25 through throttle 50, 
drives the impulse turbine wheel thereof for the output 
torque/power demand, whether transient or sustained. 
In this manner the temperature and pressure controls 
more readily maintain the vapor close to predeter 
mined levels. In essence then, the superheated steam is 
rapidly generated in mass and volume at a rate propor 
tional to that requisite to drive the turbine expander 25 
as determined by output demand and throttle setting by 
the operator. The VTE system 10 utilizes superheated 
steam generated in the order of 1,000F at a pressure 
input to the turbine 25 of the order of 1,000 psia. In op 
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6 
eration, the combustor/vapor generator hereof can be 
steamed-up from initial ignition start to full rated con 
diton for vehicle drive well within 20 seconds. 
Should the combustion process flame out, or not take 

hold for any reason, unburned fuel drops to the floor 
of combustor 55 and exits in drain tube 67' directly 
into flame arrest device 67 that prevents its ignition. 
From there it drains out through tube 67' to back to 
fuel tank 56. A photocell flame detector 64 mounted 
in the combustor frame. It connects to a fail-safe circuit 
that promptly disconnects fuel flow and stops other ac 
tivity in the system if the detector indicates no-flame at 
anytime when it should be ON. 
Ambient air is directed into combustor 55 by blower 

70 that draws in air through inlet duct 71. The exem 
plary blower system couples to the combustion cham 
ber by scroll shaped surround 72, see FIGS. 2, 3 and 4. 
The air is swirled into combustor 55, and broken into 
numerous thin streams that are powerfully intermixed 
with the atomized fuel sprayed-out by spin cup 60, to 
be described in detail. The objective and result are to 
produce multitudes of tiny packets of atomized fuel 
surrounded by ample oxygen to burn-up thoroughly 
without producing incompleted noxious products of 
combustion. Full fuel combustion results in benign 
compounds, as H2O and CO2, and in higher net effi 
ciency. 
Towards this end, air is blown into combustor 55 in 

controlled amount to insure optimum combustion of 
the fuel as fed-in concurrently. A safe ratio of air quan 
tity to fuel quantity is maintained for this purpose. Such 
ratio is the order of twice the basic stoichiometric ratio. 
A practical air-fuel mass ratio used is 30:1 for particu 
lar fuels over the operating range, presenting sufficient 
oxygen for complete fuel combustion at about 2, 100°F 
or less. This upper temperature limit minimizes the 
generation of oxides of nitrogen, as well as unburned 
HC and CO. Adjustable inlet guide vanes 73 are setta 
ble to maintain safe air/fuel ratio as directed into com 
bustor 55. Actuator 74 controls the setting of vanes 73 
for blower air. This is accomplished through actuator 
74 coupled to the vanes 73, and through its electrical 
terminals connected to the amplifier control responsive 
to the mass vapor flow as by throttle demand position. 
The basic blower 70 is driven by pulley 76 driven 

through belting 77 that also drives the feedpump pulley 
47. During start-up of the VTE system 10 starter motor 
80 is operated by connection to battery power through 
its lead terminals 81, or alternatively to local bus com 
pressed air. Its output pulley 82 drives belt 83 and pull 
ley 84 at the blower. An overrunning clutch (ORC) 85 
couples pulley 84 to blower pulley 76 and thereby to 
belting 77. Thus, initial starter 80 operation as by the 
ignition key, directly starts up blower 70 and the feed 
water pump 20. At the same time, these lower powered 
fuel and spin cup motors 57 and 62 are electrically con 
nected to the battery. They perform fuel pumping and 
spin cup 60 rotation for fuel atomization. Initial igni 
tion of the atomized fuel in combustor 55 is accom 
plished by spark plug 64. Combustion thereupon takes 
hold, firing-up the vapor generator and promptly gen 
erating steam. The rapid response of vapor generation 
is due to the tube array of the fluid therein, and the di 
rect combustion at high intensity in combustor 55. 
The superheated vapor output into lines 32, 33 leads 

on through throttle 50 to the turbine 25. In startup po 
sition the throttle passes vapor to the turbine 25 in 
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idling status. The idle drive of the gearing in reduction 
gearbox 35 occurs. Such turning of this gearing 35 di 
rectly rotates auxiliary drive shafting 90. A pulley 91 
thereon drives belt 92 which operates pulley 93 of 1:1 
ninety degree gear unit 94. Gear unit 94 in turn drives 5 
pulley 95 through overruning clutch 96. The initiation 
of gearbox 35 rotation by the idling power of turbine 
25 is thus by starter motor 80 as just described. When 
at sufficient power level shafting 90 drives gear unit 94 
and its pulley 95, and takes over the operation of 10 
blower 70 at its pulley 76, and feedpump 20 at its pull 
ley 46. ORC 85 at pulley 76 thereupon mechanically 
disconnects starter 80. Conversely, during starter 80 
use, ORC 96 at pulley 95 disconnects the belt 77 drive 
from gear unit 94 and thus also shaft 90. In system 10 15 
switch-off of starter 80 power is effected when the 
vapor pressure generated reaches 750 psi. 
The other auxiliary units of VTE system 10 are 

driven by the shafting 90 upon its rotation during the 
idling mode of turbine 25, and also throughout the op-20 
erational course under driver control of lever 51, of 
throttle 50. As shown in FIG. 1, these auxiliaries in 
clude the transmission oil pump 97 through pulleys 98, 
99; alternator 100 through pulleys 101, 102; fans 41, 
41' of condensers 40, 40' through bevel gearing unit 25 
103; and in turn air compressor 105 (optional in a bus) 
through pulleys 106, 107. A take-off line 86 from main 
fluid supply line 16 passes through filter 87, 10 micron 
size, to line 88 supplying seal purge fluid to turbine 25. 
Fluid drain from turbine 25 passes through line 110, 30 
pressure relief valve 111, and drain line 112 on to the 
make-up tank input line 45. A fluid holding tank 113 
of about one gallon capacity is in series therewith, to 
gether with check valve 114. 

Fluid drain from turbine exhaust plenum 36 enters 35 
drain line 115, and return line 112. Non-condensable 
gas from condensers 40, 40' are directed to make-up 
tank 15 by conduits 116, 117, 118. A check valve 119 
and a finned cooler 120 is in series therewith. It is prac 
ticable to provide heating for the whole bus by inserting 
finned tubing 121 in the hot return fluid in make-up 
tank 15, for heat transfer and heating-up of fluid con 
tained in the tubing 121. The bus heating system 122 
is schematically indicated, through which this heated 
fluid is transmitted via tubes 123, 124, as will now be 
understood. 
The vapor turbine 25 hereof, takes-up a relatively 

small volume of the VTE system, particularly for a 240 
gross horsepower system for the bus. The single wheel 
of the exemplary turbine is only 5.4 inches diameter, 
with 80 blades only 0.3 inch long. It is designed for su 
personic nozzle velocity and impulse action, with good 
performance substantially over its normal operating 
speed range of 10,000 to 65,000 rpm. A double reduc 
tion gear train 35 reduces this top operating speed to 
a ratio that permits coupling to a standard automatic 
transmission 125, namely a torque converter to trans 
mit its output drive 126 to the differential gearing, and 
the vehicle wheels. Such automatic stepped transmis- so 
sion 125 used for the 50 passenger bus hereof is an Alli 
son Model HT-7400. In place of such automatic trans 
mission 125 it is contemplated to use a hydromechan 
ical transmission unit to derive even smoother power 
and speed variation for the vehicle output drive. A suit- is 
able hydromechanical transmission therefor are shown 
in U.S. Pat. Nos. 2,830,468 and 3,41 1,381. The 
stepped transmission 125 utilizes savenger/pressure oil 
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8 
pump 97 with oil lines 127 and 128, and oil cooler/oil 
resevoir unit 129. 
An electronic control unit 106 is shown mechanically 

coupled with throttle lever 51 through linkage 107 and 
arm 108. The throttle demand position of lever 51 is 
thereby translated to arm 108 and in turn into a corre 
sponding electrical signal modifier in unit 106, as a po 
tentiometer. The amplified output 109 thereof con 
nects with leads 49 to control the setting of actuator 47 
for feedpump 20, as aforesaid; as well as with control 
actuator 74 for setting blower vanes 73 by connection 
with lead 75. The rate control of fuel pump drive motor 
57 through leads 59 is also arranged with master con 
trol unit 106. To assure proportionally of mass vapor 
flow to the turbine in accordance with the throttle 50 
demand position 51, the speed of blower motor fan 70 
and that of feedpump 20 is provided, as through their 
respective pulleys from shaft 90 and compensation 
feedback of their respective speeds to their actuator 
operational controls, as understood by those skilled in 
the art. In this manner, the mass flow of superheated 
steam vapor, at predetermined system temperature and 
pressure, to turbine 25 remains substantially propor 
tional to vehicle power/torque demand through throttle 
settings 51 as aforesaid. 
An electrical temperature sensor/transducer T is 

placed in the vapor path in pipe 33 to throttle 50; as is 
electrical pressure sensor/transducer P. These may be 
direct parameter readouts for the system control net 
work. The circuits are preset to provide differential or 
error-temperature and error-pressure signal outputs; or 
combined with readouts on the basic parameters as 
well. The normalizer tubes 18, 19 divert feedwater con 
trollably through their indicated solenoid valves 78, 79 
should vapor temperature rise substantially above the 
system value, as 1,000F, and thus avoid excess vapor 
temperature. Other approaches to overall system con 
trol to maintain smooth delivery of power and torque 
as required, from idle to full power, transient and sus 
tained, may be used with the basic VTE system hereof. 
In essence, the system 10 provides for rapid response 
in generating superheated steam to the turbine 25 on 
demand. The combustor has low noxious pollutant 
emission over the operating steam demand range. It uti 
lizes fuel in proportion to the mass of the steam re 
quired corresponding to feed water insertion, as well as 
maintain an air/fuel mass ratio of twice stoichiometric 
for the clean emission. Deviation from preset system 
vapor temperature (as 1,000 F), and from system 
vapor pressure (as 1,000 psi) are directly correctable 
by auxiliary, control and trim means, that may readily 
be integrated with the feedwater data and fuel rate con 
trols. 
There are further elements incorporated as safe 

guards in the operation and use of the VTE system 10, 
for vehicle, boat or stationary installation. A speed sen 
sor on the turbine 25 opens solenoid valves 68 and 68' 
at overspeed, as at above 80,000 rpm. Valve 68 directly 
discharges superheated vapor from line 32, preferably 
into exhaust ducts 65, 65' as indicated at 89; and valve 
68' directly discharges main fluid from line 27 into 
make-up tank 15. The turbine thereupon slows and 
promptly stops; the auxiliaries thus stopping as well, to 
shut down the VTE power and operation. The vapor 
turbine 25 hereof has been tested to failsafe condition 
in that even at engine "runaway' condition when the 
turbine wheel could spin faster than 95,000 rpm during 



3,861,150 
9 

no load, it did not disintegrate. A safety pressure relief 
valve 69 is in vapor delivery line 33 should the super 
heated vapor pressure exceed a given high design valve, 
as 1,300 psi. The vapor is preferably directed into the 
exhaust ducts 65, 65' as schematically indicated at 89. 
Other safety sensors, check valves and relief valves are 
utilized, some of which are indicated in FIG. 1, which 
are not further discussed as they are not significant for 
the patentable aspects hereof. 
The vapor impulse-type vapor turbine 25 hereof is 

powered by the superheated steam admitted thereto 
through the throttle 50 with variable area vapor con 
trol. The number of supersonic nozzles used are deter 
mined by the position of driver control lever 51, which 
then direct the superheated vapor onto the single wheel 
turbine blades. This arrangement is uniquely advanta 
geous in the VTE system 10 hereof for vehicles, as 
compared with an engine system with a plurality of tur 
bine wheels. Use of several stages of bladed wheels re 
sults in the turbine quite rapidly dropping off in effi 
ciency when operating off its optimum speed. The sin 
gle stage turbine 25 combined with the reducing gear 
box 35 operates with good efficiency over the wide 
speed range of vehicles. The throttle area changing or 
modulation is under driver control 51. This directly de 
termines the superheated vapor volume to turbine 25 
and the power/torque output of the single stage turbine 
25 hereof. The vapor, at substantially rated tempera 
ture and pressure, is under variable mass flow control 
by the throttle 50. It exits from the number of turbine 
nozzles that are exposed to the vapor, at supersonic ve 
locity. The plural nozzles involved at any power setting 
by lever 51 imparts energy directly to the turbine wheel 
blades, at high efficiency herein. Such throttle area 
control, with plural nozzle selection directly to the tur 
bine wheel is an effective power output to demand re 
sponse. It is also effective with a Curtis type turbine re 
ferred to. In both cases control is by direct nozzle im 
pacting based upon throttle 50 area exposure through 
throttle lever 51 position, with power output substan 
tially proportional to demand, throttle position 51 
through the corresponding mass flow of the vapor. As 
an engine unit for an ECE system the turbine/gearbox 
25,35 hereof is relatively light in weight, efficient, small 
in volume, and inexpensive. The high-speed geared 
turbine 25,30 hereof offers good reliability and life, at 
relatively lower operating and fuel cost. This factor also 
involves low rotational inertia, and ties in with simplifi 
cation of the control approach for the VTE system 
hereof, and its effective operation. 

COMBUSTOR-VAPOR GENERATOR 
The exemplary vapor generator 30 and integrally as 

sembled combustor 55 are in cross-sectional view in 
FIG. 2, and in external perspective view in FIG. 4. Its 
novel internal construction and combustion process are 
arranged to maximize fuel combustion and to minimize 
hot spots above about 2,100°F to keep formation of 
NO below the requisite minimum to meet the EPA 
Emission Standards. These factors are also arranged to 
minimize undue quenching therein at relative cold 
spots, e.g. below about 1,500°F, to keep the formation 
of CO and hydrocarbons within these Standards. Fur 
ther, these factors remain operative over the power de 
mand and operating range upon the vapor generator 
30. Operation of the combustor 55 system is main 
tained with air and fuel injection at a given relative 
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10 
mass ratio, as 30, with an operative turndown range of 
at least 20 to 1. 
The combustor system 55 may be designed to use 

fuels that are currently generally available, including 
automotive gasoline, kerosene, Diesel No. 1 and Jet A 
fuel, as well as for unleaded gasoline, and JP-4 aircraft 
class fuel. The overall efficiency of vapor generation 
hereof is found to be in the order of 95 percent at the 
lower power level of 50 HP, as at idling condition with 
accessory drive by a 240 HP unit; to the order of 90 
percent at its top power level. Vapor generator 30 and 
combustor 55 are of relatively simple construction, 
rugged and reliable. The temperature of its gaseous ex 
haust is acceptably warm to the touch, as are the outer 
exposed surfaces. The vapor generator and combustor 
hereof 30,55 are suitable for mass production, of rela 
tively inexpensive material, at reasonable unit cost. 
Combustor 55 is of the axial flow turbulent vortex. 

type. Combustion therein is accomplished within a 15 
inches diameter chamber 132 for firewall 135: 15 
inches high in the for the 50-passenger bus; 7% inches 
high in the passenger car unit hereof. The combustion 
gases are inert before they propel over top level 156 of 
firewall 135, and on to the convection bank of fluid/va 
por tubing 160. The volume of the bus combustor 55 
is 1.5 cubic feet. Its heat release at a 28 gallon per hour 
fuel rate provides approximately 2.15 x 10 BTU per 
cubic foot per hour. 
The fuel is herein atomized by a spinning cup 60 at 

the bottom center of the combustor. An atomizer noz 
zle or equivalent may instead be used. Fuel is intro 
duced to the center of cup 60 through U-tube 61. Tube 
61 is sized to supply the fuel at pressures below 10 psi. 
Spin cup 60 is rotated at 12,000 rpm for a rim velocity 
sufficient to atomize all of the fuel fed even at its high 
flow rate. Spin cup 60 and its motor 62 are cooled by 
air injected into its well 135. Such air is diverted from 
scroll 72 through duct 137, flowing passed spin cup 60 
inwardly into the combustion zones. 
Air enters the primary combustion zone 133 and sec 

ondary zone 132 above it through a grid of apertures 
140 contained in cylindrical firewall 135. The exem 
plary grid 140 comprises an array of the order of 2,800 
holes in the larger bus unit, consisting of 30 rows of 94 
holes each on a 0.5 inch grid. The six bottom rows of 
apertures (140) substantially form the air inlet for pri 
mary combustion zone 133, and are 3/16 inch in diam 
eter. The remaining apertures are the bulk of the air 
inlet supporting combustion in the secondary zone 132, 
and are 4 inch in diameter. Other grid arrays and aper 
tures diameters are feasible therefor, as to number, po 
sition and construction. 
An important component of combustor 55 is the an 

nular air deflector-baffle system. Baffles 145 comprise 
a series of spaced conical downwardly directing air de 
flection plates 146. Deflection baffles 145 contribute to 
the preheating, the intermixing of inlet air with atom 
ized fuel, and control the velocity distribution of gases 
within combustor 31, to promote rapid and full com 
bustion of the atomized fuel and even of fuel droplets 
that may have formed therein, as will now be set forth. 
Fuel combustion initiates in the lower region 133 as 

the primary zone. Combustion therein occurs under 
relatively fuel rich conditions, thereby retarding the 
formation of oxides of nitrogen. The active addition of 
ample secondary air into the next upper and adjacent 
zone 132 completes combustion of the hydrocarbon 
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species and carbon monoxide, while avoiding sufficient 
residence time at reaction temperatures that might 
form objectionable quantities of nitrogen oxides. Air 
baffle/deflector assembly 145 is arranged to direct the 
input air from scroll 72 through the upper grid of holes 
140 inwardly into the secondary zone 132, but impor 
tantly also downwardly towards and into the lower pri 
mary combustion zone 133, see arrows a. Towards this 
end the downwardly oriented conical lips 146 of deflec 
tors 145 are at 45°. The atomized fuel spreads away 
from cup 60, in annular array in primary zone 133, and 
the air supplied through the lower few baffles 145 is to 
wards and into the atomized fuel as the primary com 
bustion zone 133. 

It is noted that the aforesaid air flow is 360° around. 
This occurs up and down within the firewall 135, all 
downwardly but in the opposite direction to that of 
prior combustion gas flow. This latter flow is from 
lower zone 133 up through zone 132, and out above the 
combustor 55, namely to the combustion gaseous zone 
134 centrally of tube bundle 160. In prior art combus 
tors, the input air generally was introduced and di 
rected along in and with the general path of the primary 
combusted gases, herein from zones 133 to 132 to 134. 
The process of the exemplary combustor propels dis 
tinct tubular streams of air from grid 140 downwardly 
in the direction of the sprayed fuel and also opposite to 
the flow direction of the primary combusted fuel from 
zone 133 up through zone 132 and to top zone 134. 
The pre-swirled air in scroll 72 contributes to the vor 
ticity in this process. The downwardly baffled tubular 
streams of air enhances the molecular turbulence of the 
atomized fuel enhancing the combustion process in the 
primary zone 133, aand from then on. 

Further, the baffles 145 direct the incoming swirling 
air stream into the generally central secondary combus 
tion zone 132 to further turbulate and mix-up uncom 
busted fuel droplets, as well as combustible pollutants 
and particles that move up thereto from primary zone 
133. This action enhances the surrounding of and inter 
mixing with oxygen these particles to be combusted to 
wards their complete burning with low noxious emis 
S1O. 

By maintaining the overall air/fuel mass ratio at twice 
stoichiometric as aforesaid, and turbulating the air 
streams with the basic atomized fuel, small packets of 
air and fuel are formed. This results in full burn of the 
fuel, with resultant pollutants in the overall gaseous 
emission from the combustor-vapor generator through 
exhaust ducts 65, 65' being kept well within the EPA 
Emission Standards referred to. Creation of such turbu 
lance in the secondary combustion zone 132 enhances 
such result. The central reigniter tower 150 still further 
contributes to full combustion. It comprises, in the ex 
emplary form, an assembly of five annular horizontal 
discs 151 supported in vertical posts 152. Suitable tie 
rods 153 secure the tower assembly 150 in the combus 
tor. Alternative support for tower 150 is indicated by 
dashed line mounting posts 154. 
As shown in the perspective view into the modified 

combustor 55' of FIG. 3, the tower 150 is positioned 
alternatively somewhat above its top level 156. The 
tower 150 thereof illustrates the plural holes 155 in 
each disc 151, and the semicircular shape 157 of posts 
152. The reigniter tower 150 may be positioned differ 
ently in the combustor. In FIG. 3 it projects above the 
top 156 of the firewall by a small amount. Tower 150 
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12 
may be located somewhat lower, extending into pri 
mary zone 133. Optimum location in a particular de 
sign can be readily determined for lowest noxious pol 
lutant results. In the exemplary tower 150, stanchions 
152 are semicircular to contribute to the combustion 
process turbulance hereof. The apertures 154 in discs 
155 also turbulate the air and fuel to generate the 
aforesaid packets. 
The practical effect and result of the vigorous inter 

mixing, turbulating and chopping-up of the atomized 
fuel and air streams, in the stated air/fuel ratio, in the 
combustion process hereof is to burn the fuel as com 
pletely as feasible. This is particularly effective due to 
the multitude of small fuel/air packets formed. The fuel 
and air rate fed in, and the travel path provided assures 
the combustion at the order of 2,100 and below, with 
negligable hot spots thereat, to hold NO production 
below the target minimum over the power operating 
range, e.g. 10 parts-per-million (ppm) in the exhaust. 
Fuel particles and droplets, and incompletely burned 

particulates and pollutants, that emerge from the pri 
mary combustion zone 133 encounter reigniter tower 
150 in the secondary combustion zone 132. Besides the 
turbulance and further breakups in that caused by 
tower 150 as aforesaid, the glowing state of its compo 
nents 151, 152, ignite particles, particulates and pollut 
ants that impinge. This tower "reignition' action as 
sures cleanliness of the exhaust gases with a minimum 
of noxious pollutants. The deflector baffles 145 also are 
at sufficiently high temperatures to similarly serve as 
reigniters. The baffles 145 and the components 151, 
152 of tower 150 are arranged to operate in the cherry 
red to light orange temperature range, namely the 
order of 1,300F to 1,850°F, and not much above 
2,100°F. For structural integrity these parts 145, 151, 
152 are preferably made of Inconel No. 601, a com 
mercial high temperature corrosion resistant material. 
Another significant accomplishment of the invention 

combustor-vapor generator 30,55 is its minimization of 
quenching in the combustion process. Thus the down 
wardly air projecting baffles 145 are somewhat cooled 
by the air incoming, which keeps them from rising 
much above light orange at 1,850F. The baffles 145 
thoroughly preheat the incoming air and thereby in 
hibit the air from quenching, or only partially burning 
in the fuel combustion process hereof. An important 
feature of the set of baffles 145 is that they are ar 
ranged so that their inner downwardly directed por 
tions 146 are sufficiently long to inhibit heat in radia 
tion form from the combustion zones 132, 133 from 
reaching out to the firewall 135. For this purpose, also 
the length of their annular horizontal shelfportions 147 
is suitably proportioned with the angle and length of 
the downwardly directing portions 146. Such radiation 
protection of firewall 135, together with its intimate 
contact with the much cooler incoming swirling air in 
the scroll 72 that surrounds it, prevents it from exceed 
ing a cherry red temperature. 
The radially inner bank of superheat steam tubes 161 

are preferably provided with fins 162 along their sur 
face. These fins 162 are hit by the initial hottest phase 
of the convection heat flow 175. They may even run 
cherry red. Nevertheless, their presence prevent these 
tubes from lowering to quenching temperature, and 
also serves a reigniting function. 
The feedwater is preheated in regenerators 24, 24' as 

stated hereinabove, exchanging heat with the hot tur 
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bine exhaust. The convection bank 160 is a counter 
flow heat exchanger. The feedwater is injected at 29 
into the outermost coil in the radial group, and the su 
perheated steam is extracted from the end 31 of the in 
nermost coil. Thus the hottest combustion gases heat 
the hottest fluid (vapor) and the coldest combustion 
gases heat the coldest fluid (water). As the combustion 
gases flow through convection bank 160 as indicated 
by arrows 175, and give up their heat, the tubes thereof 
in turn transfer the heat into the vapor or fluid therein, 
as the case may be. As the water flows from the outside 
coils towards the center, picking up increasing gaseous 
heat and velocity, the internal diameter of the tubing 
161 becomes progressively larger to minimize flow 
pressure drop. 
The two outermost rows of tubing carrying initial wa 

ter, are arranged to have water flow in parallel, also to 
reduce flow pressure drop. The boiler 160 is all mono 
tube in the evaporation and inner superheat region to 
avoid pressure imbalance. Heat transfer into tube bun 
dle 160 is by the use of finned tubing which also pro 
vides an internal burst strength many times that of the 
bare tubing per se. The use of pre-determined fin 
height also accurately allocates the gas flow cross sec 
tional areas such that the heat transfer coefficient can 
be varied to obtain the most efficient enthalpy rise in 
particular portions of vapor generator 30. Further, the 
outside fin heights per se on the respective tube sec 
tions of tube bundle 160 are increasingly higher in the 
path of the combustion gases along arrows 175. This 
arrangement recovers lower levels of heat energy of the 
gases along routes 175 until entering as exhaust 176 
into plenum 177, through openings 179. The boiler 
housing 178, 180 may advantageously be made of 1010 
steel. The tubing 160 is constructed of relatively inex 
pensive No. 18-8 corrosion resistant steels. The ex 
haust ducts 65, 65' are made large to avoid excessive 
combustion pressure drop. The exhaust velocity is thus 
so low that a silencing device is not required. 

It is noted that combustor 55 is arrayed with tube 
bundle 160 whereby its central opening surrounds the 
upper section of firewall 135. The combustor 55 
projects substantially into vapor generator 30, and the 
hot combustion gases from within the combustor exit 
into central zone 134 and out along paths indicated at 
175 through tube bundle 160, as aforesaid. Such pan 
cake tube arrangement, and its central overhang about 
the combustor 55, provide efficient heat flow and heat 
transfer to tubes 160. It further lends towards compact 
ness, a feature that is advantageous for its assembly 
with the VTE system in passenger cars. 
A dome 65 is mounted above heat transfer zone 134 

over combustor 55. Dome 165 reflects heat back and 
minimizes radiation out through lid 180. Heat insula 
tion 172, as “Kaowool,' is packed behind dome 165, 
and also at 173 under lid 180. Dome 165 is formed as 
two annular sections 166, 167. Its apex 170 is welded 
to central disc 169 after insulation 172 is packed-in. A 
disc 168 is mounted on top of tube bundle 160, and 
supports dome 165 at welds 171. "Kaowool' is a ce 
ramic fiber wood filler that is stable at high tempera 
ture. It is a heat seal, and assists in holding down the 
temperature of cover 180. The bottom 178 of the 
boiler 30 has a layer of insulation 156 on it for the same 
purpose. 
Cover 180 is sealed in annular lip 181, and is secured 

to housing 178 by bolts 182. Cross-rods 183 are for 
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crane hook or chain attachment. Channels 184 at 
tached under housing 178 facilitates connection in the 
VTE system. The blower input air is inserted to scroll 
72 via flexible connector 158 and duct 159. Scroll 72 
is welded to base 178 across its mounting flange 185. 
FIGS. 5, 6 and 7 are respective rear, top and side 

views of the VTE system 10 as installed in the rear 
compartment of a 50-passenger bus. Its major mechani 
cal and thermodynamic components are arranged for 
compactness, full performance, and for maintenance . 
accessibility. Condensers 40, 41 are positioned apart 
from combustor 30, and vertically adjacent the rear 
sides of the bus in the vicinity of its rear wheels. Its fans 
41, 41' are interior, and serve to controllably draw out 
side ambient air through the condensers. These fans are 
shown as driven by a different drive than in FIG. 1: 
Gearbox 103 connects flexibly mounted rods 186, 186" 
that in turn couple to supported pulleys 187, 187". The 
latter pulleys are belted to respective fan pulleys 188, 
188'. The fans 41, 41' are respectively supported in the 
bus through spoked frames, partially indicated at 189, 
189'. 
The vapor generator 30 is firmly mounted on girders 

190, 191 in bus structure 192, secured with its cross 
beams 184, 184. The assembled mechanical compo 
nents of VTE system 10 are shown in their practical 
configurations and relative dimensions for a 240 HP 
bus installation. The same numerals for its components 
are as used in FIG. 1. Gaseous emission from combus 
tor 55 exits through ducts 65, 65". The superheated 
high-temperature high-pressure steam out of boiler 160 
connects to throttle 50 and in turn to turbine 25 via 
piping 33. The power output of the turbine rotor is 
through gearbox 35 to automatic transmission 125, and 
on to the wheels (not shown). 

THE VAPORTURBINE 

The exemplary turbine 25 and control throttle 50 are 
detailed in FIGS. 8 and 9. FIG. 10 shows them as in 
stalled in a vehicle, coupled to an accelerator foot 
pedal. The exemplary turbine 25 is a single-stage im 
pulse type. The generated superheated steam (as at 
1,000F, and 1,000 psi) is delivered to the throttle 
input via piping 33. The turbine wheel 201 is overhung 
on ball bearings. Face seals are used between the wheel 
201 and front bearing. For the 240 HP bus require 
ment, a single rotor 5.4 inches in diameter across to its 
shrouded blade tips, and 0.3 inch in width was found to 
provide ample power output over vehicle operation de 
mands. Rotor 201 has eighty blades 202 about its pe 
riphery, each being 0.3 inch in length. Its speed range 
for good performance is the order of 15,000 rpm at 
idling, to the order of 60,000 to 65,000 rpm at nominal 
top speed. In view of its relative low size and cost, even 
for the bus power, the same basic vapor turbine 25 
structure may be readily used for the passenger car 
VTE at 120 HP. 
Blades 202 herein are preferably of impulse action 

design. Reaction turbines lose efficiency at partial 
vapor admission demand in a typical vehicle duty cycle. 
Also, other than the Curtis two-stage turbine, multi 
stage turbines are not directly controllable at compara 
ble efficiency over a vehicle's duty cycle through the 
modulation throttle control 50 combination hereof. In 
the exemplary turbine 25, nozzles 205 are arrayed par 
tially about rotor 201, and are proportioned to deliver 
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steam to blades 202 at supersonic velocity for power 
output at good efficiency. 

It is noted that substantially the entire pressure drop 
of input steam through turbine 25 occurs at its station 
ary nozzles 205. Kinetic energy thereof is imparted to 
blades 202, and thereby rotates rotor or wheel 201. 
The output of rotor 201 connects directly into reduc 
tion gearbox 35. By specifically providing a turbine 25 
wherein its vapor pressure drop is substantially at the 
input nozzle region, the variable admission throttle 50 
control hereof of steam mass flow results in proportion 
ality of output power as setforth hereinabove. This ac 
tion provides output turbine power in accord with the 
demand position of throttle position control 51 in VTE 
system 10. The output torque of the turbine 25 is in 
versely proportional to its speed. At stall condition tur 
bine 25 provides maximum torque output, which is 
very desirable for driveability in vehicles. 

Input vapor area modulation throttle control 50 is 
mechanically integrated with the turbine 25. The throt 
tle progressively opens its plural passages to individual 
nozzles in the turbine as the accelerator pedal 260 is 
stepped upon for increasing power output on the VTE 
system 10. Throttle valve 50 comprises a set of pivoted 
reeds 210 therewithin, progressively operated by indi 
vidual cams 211. A roller 212 at the tip of each reed 
lever 210 controls its angular position. In turn, a button 
valve seat 215 on each lever 210 controls the area of 
its associated spherical port 216 of an inlet 217. The 
cams 211 are respectively mounted displaced angularly 
for the successive levers 210. Turning of throttle con 
trol shaft S1 thus establishes smooth and fine variable 
input area control along the successive inlets 27 to the 
turbine nozzles 205. 
Referring to FIG. 9, cam lever 220 contains a valve 

seat 215 that controls the admission of steam from 
throttle assembly 50 to the corresponding port and 
inlet 217, and on through to passage 221. Passage 221 
communicates directly to its associated nozzle 205. 
Correspondingly, next cam reed 222 area controls the 
steam to compound passage 223 that communicate 
with two nozzles 205, one at each end of passage 223. 
Cam reed 224 controls steam to double nozzle passage 
225. The five cam reeds 210 are arranged to progres 
sively control the passage of steam into nine nozzles 
205 in the exemplary turbine 25 for the rated 240 HP 
bus demand. There are other nozzle passages 226, 227 
indicated in manifold plate 230. For the 240 HP tur 
bine output herein, the latter passages are blocked-off. 
A composite of four 90 sectional views through the 
turbine, FIG. 5, are presented to concisely represent its 
internal construction. 
Steam flows at supersonic speed through the nozzles 

205 in nozzle plate 231 and inpinges onto the blades 
202 of rotor 201. The steam exhausts about diffuser 
235, as indicated by the arrows, and on into plenum 36 
and beyond as shown in FIG. 1. The turbine rotor 201 
is directly connected with gearbox 35. Shaft 250 is the 
output of gearbox 35. This adapts the high speed tur 
bine 25 a conventional bus automatic transmission 125, 
to transmit its drive. Towards this end the gear reduc 
tion hereof is about 1 1.5 to l. 
A bell crank 255 connects mechanically with an 

outer end of control shaft 51. Bell crank 255 is part of 

10 

15 

20 

25 

35 

40 

45 

50 

55 

60 

65 

16 
the throttle valve control linkage operated by foot 
pedal 260. Pedal 260 mounts on bar 261 that couples 
with lever 263 at pivot 262. The dashed-line position 
263', 264', 265” of this linkage corresponds to a 
stepped-down position of pedal 260. Link 265 is adjust 
able and pivots at pin 264 with lever 263, to in turn cor 
respondingly angularly control bell crank 255, and in 
turn the angular setting of control shaft 51. A throttle 
damper 270 is used to smooth-out the power demand 
signals. Spring 256 connects to bell crank 255, to re 
turn it to zero demand position when pedal 260 is re 
leased. 
A solenoid 275 is used to preset the position of throt 

tle 50 during idle condition. When the ignition key is 
turned ON, and concomitant with the start-up control 
system, solenoid 275 is energized via leads 276. Its 
plunger 277 connects with extension 257 of bell crank 
255 to partially rotate it, and control shaft 61 there 
with. The degree of turn of shaft 51 thereby is preset 
for the IDLE angular setting of VTE system 10. Suffi 
cient steam volume mass flow is thereby passed 
through throttle 50 to derive about 50 HP from turbine 
25 to operate the auxiliary units of the VTE system 10 
for a bus, as set forth hereinabove in connection with 
FIG. I. In the 120 HP passenger car model, the auxilia 
ries require about 30 HP. The pedal 260 is stepped 
upon in the usual manner when driving, overriding said 
idle throttle setting, and correspondingly directly raise 
the system power output. The VTE system hereof is 
thus clean, quiet and thoroughly responsive to one's 
driving needs. 
What is claimed is: 
1. A vapor powered engine system with a closed Ran 

kine cycle configuration comprising vapor generating 
means, a vapor turbine, throttle means arranged for re 
ceiving vapor output from said generating means, the 
output of said throttle being coupled to the input sec 
tion of said turbine to thereby control the power output 
of the turbine, control means responsive to the power 
output condition of the system for correspondingly 
controlling the mass flow of vapor output from said 
generating means and directly meet output power de 
mand, said throttle means including a variable vapor 
outlet area displacement assembly with a plurality of 
output valves each having an associated port, a control 
member connected to said assembly for successively 
operating said valves and control exposed areas at said 
ports and thereby the mass of vapor to said turbine, and 
a plurality of nozzles arrayed about the rotor of said 
turbine, said nozzles being in operative communication 
with associated throttle output ports through respective 
passages in the turbine, whereby smooth variable con 
trol of turbine power output is effected. 

2. A vapor powered engine system as claimed in 
claim 1, in which said turbine is arranged to have sub 
stantially all of the pressure drop of input vapor ex 
pended across its input nozzle section and thereby have 
its power/torque output substantially proportional to 
the throttled mass flow of vapor to the turbine. 

3. A vapor powered engine system as claimed in 
claim 2, in which said turbine has a single power rotor 
with its blades proportioned for impulse action. 
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