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UNITED STATES PATENT OFFICE. 
GHARLEs s. BEADLEY, OF NEW YORK, N. Y. I 

O 

1,015,777. 

To all whom it may concern. -- 
Be it known that I, CEArtess. BRADLEY, 

a citizen of the United States, and a resident of the borough of Manhattan, city, county, 
and State of New York, have invented cer 
tain new and useful Improvements in Meth 
ods and Apparatus for Operating Turbines, 
of which the following is a specification. 
My invention relates to a method and ap 

paratus for operating turbines for convert 
ing. into mechanical power. 

5 

he invention forming the subject of my 
present application is especially adapted to 
those situations where condenser water is 
scarce and it is further intended to replace 
with economy the present so-called high 
pressure steam engine, that is to say, those 
steam engines which of necessity must ex 
haust the steam into the atmosphere. 

20 All condensing steam engines require a 
relatively large amount of water to operate 
the condenser, for the reason that they uti. 
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lize in the condensing operation only the 
specific heat of the water through a range of 
say for example 35° of temperature centi 
grade, or 35 gramscalories or therms per 
gram of water used. According to my in 
vention the specific heat of the water be 
tween ordinary temperature and the boiling 
point is used and in addition thereto the 537 
therms of latent heat, making in all say 572 
therms per gram of water evaporated. 
In addition to the economical use of the 

condenser water my invention provides a 
35 

bine itself, as will appear from a considera 
tion of some of the characteristics of this 
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much more efficient operation within the tur 

type of prime mover. . . 
The steam turbine for mechanical and 

physical reasons is essentially a low pres 
sure, large volume and high speed device. 
To be efficient it must operate between two 
pressures loy on the scale as will be appar 
net, in the first place in order that the wheel 
may rotate in vacuum to reduce the “wind 
age'; secondly, in order that the difference 
between the initial and final temperatures 
may be as great as possible (the temperature 
drop with any given difference in pressures 
being greater at low pressure), thereby in 
creasing the thermodynamic efficiency with 
differences of pressure; thirdly as mechani 
cal construction calls for passages so large 
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at anyone time; therefore the large volumes 
of low-pressure gas or vapor are more easily 
handled than the high pressure gas or va 
por; and fourthly, in order that the vapor 
issuing from the nozzles should not be re 

and thus lose 
... Among other, advanta a 
is the low cost of mechanical construction 
for a given amount of power developed. 

6b Furthermore the boiler or heater is at ver 
low-pressure and therefore requires a small 
amount of material and the danger of burst 
ing is minimized. . . . . . . . . . . . . The improved method consists, generally 
speaking, in using in a boiler a substance 
which boils under atmospheric pressure at such a temperature above the boiling point 
of water that it may be expanded a maxi 
mum amount and condensed after operat 
ing the turbine by keeping a surface con 
denser at the boiling point of water under atmospheric pressure. For example, if the 

flui working were admitted to the interior 
of the tubes of a surface condenser sur 
rounded with water open to the atmosphere, 

...it is evident that the tubes would be kept at 
the temperature of boiling water, and if the turbine is operated by a vapor which has 
beenboiled at 260° C. while condenser is 
at 120 C. (allowing for 20 drop through 
the walls of the condenser tubes), then the operating difference of temperature will be 
140° C. This temperature indicates 
a thermodynamic efficiency of a little more 
than 26% and a large art of this may be 
realized in practice. W choosing a 
vapor of these desirable qualities, I prefer 
also that the substance utilized as a working 
fluid shall, when in the state of vapor- or 
gas, have a relatively high density in order 
that its issuing velocity may be as low as 
possible and thus the turbine have as low a 
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that only a part of them are brought into use 
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velocity as it is possible to obtain. An ex 
ample of such a substance is found in the 
case of monochlor-naphthalene, the density 
of which is 5.5 referred to air, or nine times 
that of steam, which will give an issuing 
velocity of about 1883 feet per second or 
about of that of steam. This substance having a boiling point of about 260C. at 
ordinary pressure and a little under 120° C. 
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sure is 118.6° C. w 

10 

at 10 mm. pressure, offers a temperature 
range of 140 C. which s will give athermo 
dynamic e . . . . . . . . 

538-393-96 se-26+% Since the boiling 
to "S. pheric pressure boils at 100 C, it is appar 

ent that a good working difference of fem 
perature is maintained in the condenser. . . 
While, I have set forth the above thermo dynamic conditions as the most simple case 

necessary, operate the boiler above the at 
ngspheric pressire and thus increase the 

beyond 26%. It 
20 

... and involving the most simple, construction, absolutely. I may, where high efficiency is is 
the at 

thermodynamic efficiency be 
will also be apparent that the steam com 
ing from the condenser. may be utilized to 
operate a low pressure steam turbine, simi larly to the present practice of adding a 
low pressure turbine to a high pressure re 

... example nitrobenzole or tetra bromid of 
tin. Those skilled in this art will under 
stand that the details of the apparatus will. 
vary according to the substance utilized and 

30 

as " rocating engine. . 
some other substance having similar char. 
acteristics may be employed, such as for 

the particular requirements attending the 
use of which the system is to be put, but for 

85 the purposes of illustration I shall refer to an apparatus shown in the accompanying 
drawings and describe the same with ref. 

40 

erence to the use of monochlor-naphthalene. 
In said drawings, Figure 1 is a diagram-. 

matic view of a system embodying the prin 
ciples of my invention, and Fig.2 repre 
sents the boiling-point-pressure curves of 
w8ter and monochlor-naphthalene in de 
grees centigrade and millimeters of mer cury. 

45 
ry - 

Referring to Fig. 1, 10 indicates the boiler 
from which leads a pipe 11 controlled by hand valve 12 for conducting the vapor of 
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monochlor-naphthalene generated in boiler 
... 10 into an expanding nozzle 13 which directs 
the vapor into turbine 14. From turbine 
14, the spent vapor is drawn through ex 
haust pipe 15 into the condenser tubes. 16 
which are surrounded by a body of water 17 
in container 18 open to the atmosphere or to 
a low pressure turbine by pipe 19. A safety 
valve 20 is provided in the vapor pipe 11 
and discharges excess vapor from pipe ... through discharge pipe 21 directly into the 

60 
from the system. 
condenser tubes 16 instead of into the atmos. loss of operating fluid phere, so as to avoid 
From the condenser tubes 16, the con densed operating fluid is delivered through 

a discharge pipe 22 into a reservoir 23 from 

condenser tubes 37 an 

oint at 10 mm. pres 
e the water at atmos 

in place of the monochlor-naphthalene, 

io15,777 
which it is pumped back through return 
pipes 24 and 25 by pump 26 to the boiler10. 
A second or agility condenser, having 

an open, water re 
ceptacle 23, receives the uncondensed ex-. 
haust vapor from the first mentioned or 
primary condenser, pumped out by the 
pump 29, which thus maintains the reduced pressure in the primary condenser. 

70 

its 
water receptacle is supplied with water by . 
supply pipe 30 controlled by' hand valve or 
the like 3i, and discharges the overflow into the water receptacle or container 18 of the 
primary conden From the secondary 
condenser tubes, the condensed fluid is de 
livered from time to time to the above men 
tioned reservoir. 23, through the return pipe 82 by opening the hand valve 33. An E. 
cator tube 34 is preferably provided in the 
Secondary condenser to disclose the quantity 
of condensed fluid contained. Condenser 
tubes, 2 open into the atmosphere through 
Qutwardly opening check, valve 34 so as to 

75 

80 

85. 

discharge air which may have leaked into 
the system. ... 
;In the operation of the above described 

apparatus, the vapor is preferably produced 
in the boiler at about normal atmospheric 
pressure, or if it is desired the pressure 
may be maintained a little higher than at mospheric to gain higher initial tempera 

90 s. 

95. 
ture with consequent increased temperature. 
range, and thermodynamic efficientity. It 
will be observed, however, with reference to the boiling point pressure curves hereinafter . 
referred to, that the elevation of the boiling 100 
temperature for a given increase in pressure 
is relatively small at the higher pressures. 
The pressure in the condenser; on the other 
hand is maintained as low as practicable, 
as the depression of the condensation tem. 
perature becomes relatively, greater and 
greater as the pressure becomes lower. An 
other point of view would be that the lower 
end of the curve is the place where the great 

110 
Referring now to Fig. 2 of the drawings, 

est gain in efficiency is offered. 
A indicates the boiling-point-pressure curve 
for water, and Bindicates the boiling-point 
pressure curve for monochlor-naphthalene. 
In the diagram, the abscissae indicate pres 
sure in millimeters of mercury, and the or 
dinates indicate temperature in degrees cen 

105'. 

tigrade. Absolute temperature is shown at . 
the left of the diagrain. The monochlor 
naphthalene being avery much heavier va 

11 por than the steam, I am able to operate it 
at a very much lower pressure and still have 
a considerable mass of material in the con 
denser, that is, there will be more material 
in the condenser with the monochlor-naph 
thalene atten millimeters pressure than with 
water at fifty millimeters pressure. Fur 
thermore, the water vapor cannot be car 
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ried to its ultimate practical vacuum on ac 
count of not being able to get as low a tem 
perature in the condenser as would be nec 
essary to reduce it to its lowest File pres sure. The monochlor-naphthalene being 
higher on the scale it can be readily cooled 
to a vacuum corresponding to ten millime 
ters pressure and even lower. A comparison 
of the two curves shows that at working 
pressures curve B has a much greater tem 
perature range than curve A and, whereas 
between the normal pressure of 760 mm. and 
50 mm. the boiling point of water has a tem 
perature range of 62, the working tempera 
ture range of monochlor-naphthalene is in 
the neighborhood of 155°; consequently the 
thermodynamic efficiency between these pressures is very much greater in the case 
of monochlor-naphthalene than in the case 
of water. With regard to the condensation 
of the monochlor-naphthalene by transfer 

25 

positions of the two curves that the pressure 

80 

perature to permit the latent heat, given of , 

of its heat to water at normal atmospheric 
pressure, it will be seen from the relative 
of the monochlor-naphthalene may be main 
tained as low as say 10 mm. and leave a 
satisfactory operating difference of tem 
from the vapor in changing to liquid, to be 
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duced, and condensing the vapor by the 
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taken up by the water in the form of latent 
heat of evaporation. Again the tempera 
ture range of the monochlor-naphthalene, 
under the conditions of operation, will be 
seen to be about 155°, or taking the initial 
and final temperatures in degrees absolute, 
the thermodynamic efficiency equals say 

538-393.2a of last-20+% 
I claim: . 
1. The method of operating power tur 

bines, which comprises boiling a substance 
having a vapor heavier than steam and 
which at condenser pressures lower than 
practical with steam has a boiling point 
higher than water at atmospheric pressure, 
driving the turbine with the vapor thus pro 
evaporation of a cundenser fluid at atmos pheric pressure. . . . . . 

2. The method of operating power tur 
bines, which comprises boiling a substance 
having a vapor heavier than steam and 
which at condenser pressures lower than 
practical with steam has a boiling point 
higher than water at atmospheric pressure, 

driving the turbines with the vapor thus 
produced, and condensing the vapor by ab 
sorbing heat therefrom as latent heat of 
water at atmospheric pressure. 

3. The method of operating power tur 65 bines, which comprises boiling a substance. 
having a vapor heavier than steam and 
which at condenser pressures lower than 
practical with steam has a boiling point 
higher than water at atmospheric pressure, 
driving the turbine with the vapor thus 
produced, and condensing the vapor by ab 
sorbing heat therefrom as latent heat of 
,water at atmospheric pressure, while main 
taining a material margin of temperature 
between the working vapor and the boiling 
water in the condenser, 

4. The method of operating power tur 
bines, which comprises vaporizing. mono 
chlornaphthalene, driving the turbine there 
with, and condensing the spent vapor, in cyclic manner. 
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5. The method of operating power tur 
bines which comprises driving the turbine 
with a working fluid of suitable boiling 
point and condensing the fluid with boiling 
water. . . y 

6. The method of operating power tur 
bines which comprises driving the turbines 
with a working fluid of suitable boiling 
point and condensing the fluid with boiling 
water at about 100° C. 
7. A power turbine system comprising 

in combination a boiler for fluid of high 
boiling point relative to steam, a turbine, 
a condenser for the spent fluid from said 
turbine, and a safety valve between said 
boiler and said turbine discharging into said 
condenser for avoiding loss of operating fluid. 

90 

Of 
8. A power turbine system comprising in 

combination a boiler for fluid of high boiling 
point relative to steam, a turbine operated 
thereby, a primary condenser in which the 
working fluid is condensed at vacuum pres 
sure, a secondary condenser and an air pump 
for pumping uncondensed vapor from the 
primary condenser into the secondary con 
denser at atmospheric pressure, whereby 
total condensation is assured arid loss of 
working fluid avoided. 

CHARLEs S. BRADLEY. 
Witnesses: 

ALONzo B. BRADLEY, 
OCTAvIUs KNIGHT. 

10 

''A. --S 

c 


