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This invention relates to elastic fluid power 
plants and particularly to the apparatus of such 
plants as used in mobile service, such as for rail 
way locomotives. ' 

A plant of this type should preferably utilize 
a steam turbine due to its greater economy and 
reliability, and it should also use vapor genera 
tors which will supply the turbine with high pres 
sure and high temperature steam to obtain the 
greatest possible economy, from the steam cycle. 
The use of the high pressure and high tempera 
ture steam requires thatthe vapor generator be 
fed with relatively pure and oxygen free feed 
water, which means that it is almost essential to 
use a closed steam cycle so that feed water is 
obtained entirely from condensate from the 
steam turbine. It is not practical, however, for 
such mobile plants to carry condensing water 
for the steam condenser. In existing mobiles 
steam turbine plants an air cooled steam con 
denser has been used, but the results with equip 
ment of this type are not entirely satisfactory. 
A principal dii?culty encountered with air 

cooled condensers on mobile steam power plants 
has been the wide variation ‘in ambient tempera 
ture of the air encountered by the locomotive and 
used in condensing the steam. Such a locomo 
tive may be subjected to air temperatures of 
110° F. to —40° F. Since the air condenser, in 
order to obtain su?cient surface, must consist 
of many small tubes, it is extremely dif?cult to 
arrange the condenser sothat the .water in these 
small tubes will not‘ freeze .when the‘ condenser 
is subjected to extremely low ambient tempera 
tures. It has been found that the only possible 
way that freezing can be prevented, particularly 
if there is any air mixed with the condensing 
steam inside the condenser, is to keep a relatively 
high velocity throughout these small passages. 
Obviously, such high velocity with the large 
volumes of steam which must be handled re 
quires pressure losses which limits the amount 
of vacuum available at the turbine outlet. 
Furthermore, since the heat transfer per unit 

of surface is relatively low many small parallel 
passages must be used, and these passages being 
subjected to high velocity present a very serious 
problem of distribution of ?ow. It is apparent 
that if the flow is not properly distributed freez 
ing will occur in one section of the condenser, 
and since adjacent tubes are subjected to lower 
air temperatures by virtue of the freezing the 
tendency is for adjacent tubes to likewise freeze, 
i. e., for the freezing to migrate across an entire 
condenser section. ‘ 

The high velocities which must be“ used in air 
cooled condenser passages in order to prevent 
freezing make the problem of removing the con 
densate extremely dimcult, as the ‘tendency is for 
water condensed to be carried along by the steam 
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rather than to drain into suitable receivers for 
collecting the condensate. This problem is still 
further complicated by virtue of the many sec 
tions required for condensing the steam and the 
diiierent pressures encountered in these sections 
to obtain the desired velocity. Even if suitable 
collection of condensate could be obtained in each 
section of the condenser it is dif?cult to get this 
condensate to ?owto one common point properly, 
since all of these receivers are likely to be at 
different pressures, locations and elevations. 
The air cooled condenser also makes the prob 

lem of air removal quite di?icult, since there is 
no common point where condensate may be col 
lected and deaerated as is the case in the con 
ventional design of liquid cooled steam con 
densers. ‘ , 

Furthermore, the air cooled surfaces must be 
located along the exterior walls of the locomo 
tive, ‘usually not adjacent the turbine, thus neces 
sitating a complicated and obstructing system‘ of 
the large pipes necessary to conduct the exhaust 
steam to the condenser and of the smaller con 
clensate returns. ‘ 

‘ If freezing temperatures, or wide variations in 
ambient temperature, are not to be encountered 
then the ?eld of travel of the mobile unit is 
greatly restricted. For example, trans-continen 
tal runs, encountering desert temperatures and 
mountain snows, must be avoided. 
‘At the other temperature extreme, namely, 

continuous operation encountering high ambient 
temperatures, excessively large heat transfer 
surfaces are required for air cooling a steam con 
denser, with consequent increase in piping and 
fan power. 

It is a principal object of my invention to pro 
vide improvements in apparatus and method of 
operationwhereby the disadvantages of known 
air cooled steam condensers are obviated and a 
higher heat cycle el?ciency is‘ obtained for any 
given vapor generator-“vapor turbine installa 
tion. 
‘A particular object is‘ to provide an improved 

cooling system for condensing the steam ex— 
lgausted from aturbine in mobile service where 
the usual arrangements of condenser ‘cooling 
water are not available. 

In the drawings: ‘ > Fig. 1 is a diagrammatic showing of one em 

bodiment of my invention. 
wFig. 2 is a tabulationiof ‘fluid conditions in con 
nection with Fig. 1. 

Fig. 3 is a diagrammatic elevation of a portion 
of a locomotive. ‘ ‘ ‘ 

Fig‘. 4 is ‘a diagrammatic representation of an 
otherembodimeht' of‘rrii,r invention. ‘ 
The'économy of a’ mobile steamlturbine been 

operating at 1500‘ p.‘ s. hand-900° F} total item‘; 
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perature and having air cooled condensers, op 
erating under most favorable conditions of a 
clean condenser and relatively low (30° to 40° F.) 
air temperatures, may be little better than that 
of a non-condensing steam engine cycle. If 
suitable vacuum could be maintained at the 
turbine exhaust the horsepower output of the 
plant would be materially increased and at a 
water rate approaching best stationary practice. 

I have mentioned that in an attempt to avoid 
freezing of an air cooled condenser the economy 
of the total plant suffers through pressure drop 
velocities and other attendant factors. One 
known way of eliminating the freezing problem 
is to use a bifluid condenser which would consist 
of a steam condenser of the conventional type 
connected to the ‘turbine exhaust and using a 
coolant of the non-freezing type, such as Prestone 
or any or" the other common coolant-s used in 
gasoline engines. The coolant would then flow 
to the air cooled heat exchanger where the heat 
taken up by the coolant in the steam condenser 
is removed by the air. 
Such a system has the obvious advantage that 

difficulties due to freezing are eliminated, since 
the steam condenser can be placed in a pro 
tected zone underneath the turbine and the cool 
ant, which is non-freezing, is the only medium 
subjected to low ambient air temperatures. It 
has the further advantage that the long large 
dlameter (because of low pressure and large vol 
ume) lines which must be used in the case of the 
air cooled steam condenser are eliminated. 
However, this known system has several dis 

advantages which makes the scheme rather im 
practical. Since the system must work on a low 
temperature dii'ference suitable vacuum is to 
be maintained at the turbine exhaust, a very 

quantity of coolant is required. On ordi~ 
nary steam condensers the quantity of cooling 
water at relatively low temperature (60° F.) for 
vacuums of the order of 28 inches of mercury 
average from sixty to one hundred times by 

' it the amount of steam condensed. This 
me; that under the most favorable conditions a 
plant using 50,000 lb. of steam per hour would 
have to recirculate about 5,000,000 lb. of cool 
ant per hour. Furthermore, the temperature 
difference must be used twice. That is, if the 
plant is designed to use a 20° temperature differ 
ence in the heat exchangers and an air tempera 
ture of 100° F. were encountered, a minimum 
coolant temperature entering the steam con 
denser would be 120° F. and the minimum con 
densate temperature would be 140° F., which cor 
responds to a vacuum of only 23 inches in place 
of the 28 inches desired. 
A further disadvantage is that the heat trans 

fer rate in the air cooled heat exchanger is low, 
so that extremely large surfaces would be re 
quired in fact considerably larger than would 
be required for the direct air cooled steam con 
denser. 
The .bifluid condenser system however does 

have the advantage of elimination of the freezing 
problem and elimination of the problem of han 
ling condensate and entrained air, and also the 

elimination of extremely large pipe lines be 
tween the turbine and air condenser, which must 
of necessity be located some distance away in 
order to arrange the surface so that the cooling 
air can be passed through it. Against these ad~ 
vantages are the distinct disadvantages of the 
tremendous quantity of coolant which must be 
pump circulated, the size of the air cooled heat 
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exchanger, and the loss-of vacuum when higher 
ambient air temperatures are encountered. 
My present invention provides a combination 

of apparatus and method of operation overcom 
ing the mentioned disadvantages of the air cooled 
steam condenser or coolant steam condenser. It 
is in simplest terms the application of a refrig~ 
oration cycle to the condensing system of a high 
pressure steam power plant. Fig. 1 shows di 
agrammatically the principal apparatus of such 
a system as well as the flow piping for both the 
steam cycle and the refrigerant cycle. Fig. 2 is a 
tabulation of refrigerant values which may exist 
at locations indicated on Fig. 1. 

In the particular example which I have taken 
for consideration I utilize an electrically propelled 
locomotive having an electric generator I driven 
by a steam turbine 2. Approximately 50,000 
lb./hr. of steam at 1500 p. s. i. and 900° F. total 
temperature is supplied the steam turbine. If 
the turbine were operating at a back pressure of 
28 inches of vacuum, such a plant should pro 
duce approximately 6500 H. P. at a water rate 
of '7 .5 lb. per horsepower. I will show that 
through the use of my invention the system will 
approach this output, and even after discount 
ing the increased power required for auxiliaries 
there remains an increase in output horsepower 
of 60 92 to 70% over that which may be expected 
with an air cooled steam condenser as previously 
discussed herein. 
The turbine 2 exhausts to a steam condenser 3 

having a hot well 4 from which the condensate is 
returned as feed water to the vapor generator 
supplying the turbine. In this arrangement the 
steam condenser is located immediately adjacent 
the steam turbine, thus eliminating the consid 
erable runs of very large piping previously neces~ 

, sary to carry the exhaust steam to conventional 
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side wall air cooled condensers usually located 
on opposite sides of the locomotive, as indicated 
at 5 in Fig. 3. Such air cooled condensers 5 are 
normally provided with a centrally located ex 
haust fan 6 discharging through the roof of the 
locomotive through louvres l. The power plant 
of this invention is particularly adapted for in 
stallation in a locomotive of the type illustrated 
in Fig. 3. 
For heat transfer in the steam condenser I 

utilize a refrigerant, preferably ammonia. While 
it is apparent that any of the common refrigera~ 
tion cycles, such as dense air compression, vapor 
compression, or continuous absorption types may 
be used, the vapor compression system which is 
used extensively for refrigeration work at the 
present time seems to best apply to this problem, 
and I have chosen as an example the use of am 
monia. Thus in my preferred embodiment of 
Fig. l the steam condenser 3 becomes an ammonia 
vaporizer. 
While there is a wide range of refrigerants 

available for the range of temperatures which 
would be used in this application, many of these 
refrigerants have obvious disadvantages, such as 
?re hazard or corrosive action. However, it ap 
pears that ammonia, methyl ohloride and Freon 
all satisfy the conditions of the cycle desired and 
do not present any particularly severe handling 
problem. Only very slight modi?cations of an 
ordinary steam condenser will be necessary in 
order to prevent pollution of the condensate with 
the refrigerant in case leaky tubes should de 
velop, but this does not present any serious dif?- ‘ 
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culty. It is entirely possible that a refrigerant 
operating at low pressure could be used if desired, 
but it appears that the most economical refrig 
erant is one which operates at somewhat higher 
pressure, and thus lower speci?c volume. 
The media generally used in compression ma 

chines, ammonia, sulphur dioxide, carbon dioxide, 
etc., exist only as a gas or vapor at atmospheric 
pressures and ordinary temperatures, but they are 
lique?ed When compressed to a su?iciently high 
pressure and cooled. The heat absorbed infre 
evaporating the liquid at a reduced pressure con 
stitutes the refrigerating effect. To periodically 
return the refrigerating medium to its original 
liquid state the system must include the ‘following 
parts: . 

1. Evaporating space wherein the liquid is 
evaporated, absorbing heat from its surroundings 
and producing the refrigerating effect. ‘ 

2. A compressor in which vapor from the evap 
orating space is compressed and supplied the 'con 
denser at a terminal pressure corresponding to 
the temperature of the saturated vapor obtainable 
with the cooling effect available. 

3. The condenser in which the latent heat and ‘ 
heat of compression is removed and the vapor is 
lique?ed by air passing over the condenser tubes. 

With the ?ash method of direct expansion the 
liquid at approximately the condenser pressure 
is fed through an expansion valve directly into 
the space which is to be used for cooling (in this 
case the steam condenser). The liquid spray 
from the expansion valve passes through the tubes 
at high velocity maintaining a wetted inner sur 
face and is vaporized by the absorption of heat 
through the pipe walls, i. e. it takes up the latent 
heat of the steam condensing the same. 

Referring again to Fig. 1, I indicate that liquid 
ammonia from a liquid receiver 8 passes through .. 
an adjustable expansion valve 9 to the tubes of 
the steam condenser 3 in which the ammonia 
liquid is vaporized. 
The ammonia vapor leaving the steam con 

denser 3 passes to a vapor compressor l0 driven 
by the steam turbine. In the compressor the 
ammonia vapor has its pressure increased and 
gains a slight amount of heat of compression. 
The vapor at higher pressure passes to one or 
more heat exchangers H which are air-cooled " 
and are, in fact, ammonia vapor condensers. 
Here the ammonia vapor at substantially the 
same elevated pressure loses its heat of vaporiza 
tion plus the superheat it gained in the com 
pressor and passes as a liquid to the liquid re 
ceiver. The tabulation Fig. 2 gives general values 
of pressure, temperature and heat content for 
the liquid or vapor ammonia which may be ex 
pected at locations A, B, C and D in the refrig 
erating cycle. 
The system has, among others, the following 

advantages over the air-cooled steam condenser 
or the bi?uid condenser systems previously men 
tioned: 

l. The problem of freezing in the air cooled 
stream condenser is de?nitely eliminated, as‘ the 
steam condenser is here placed in a protected 
location adjacent the turbine and the fluid‘pass 
ing through the air-cooled heat exchanger will not 
freeze under any ambient temperature conditions 
encountered. ‘ 

2. The pressure loss which is encountered in 
the exhaust system of the air cooled steam con 
denser is eliminated so that good vacuum is avail 
able at the. iurbiee . . . 
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3. A conventional design of steam condenser 
may be used which eliminates the problems of air 
removal and condensate drainage. 

4. The design of the air cooled heat exchanger 
is very materially simpli?ed as the problem of 
cooling the refrigerant is not complicated with the 
problems of maintaining vacuum, removal of non 
condensibles, and similar problems inherent in 
the steam condenser. A possibility is present of 
dividing the air cooled heat exchangeriinto a num 
ber ofsections and placing these at‘most con 
venient locations around the power plant. The 
piping for the vapor or liquid refrigerant to and 
from the air cooled heat exchangers ‘is very de 
cidedly smaller than to conduct the exhaust‘steam 
to an air cooled steam condenser. 

5. This cycle takes advantage of the high co 
e?icient of heat transfer from a boiling or con. 
densing fluid and has the advantage of provid 
ing a satisfactory temperature difference in both 
heat exchangers without loss of vacuum. at..the 
turbine exhaust. . .r >. - i 1 1.‘ 

6. A relatively small quantity of refrigerant 
must be recirculated since i‘ the‘ latent heat of 
vaporization is utilized. ‘Instead of. requiring 
more than one hundred pounds of coolant per 
pound of steam condensed, as is .the=case. of .‘the 
bi?uid condenser, ‘the system ‘will require only 
two to ten pounds of refrigerant per pound' of 
steam condensed. , . . 

7. The smaller quantity of refrigerant required 
and the reduced volume‘ of thevrefrigerantre 
quires very much smaller piping ‘to-and‘from 
the heat exchangers. ‘For example. ‘in the .air 
cooled steam condenser with the turbine operat 
ing at 28 inches of vacuum,--_roughly 400,000 
C. F. M. of air must be'passed to‘the air cooled 
heat exchanger.‘ In the bifluid‘ condenser ap 
proximately 5,000,000 lbs. per hour ‘of liquid cool 
ant must be recirculated throughvthe air cooled 
heat exchanger. -In the‘ proposed refrigeration 
cycle only about 3600 C. F: of ammonia vapor 
must be circulated through the heat exchanger: ‘ 

8. Stoppage ih‘any portion of the air cooled 
heat exchanger does not seriously affect the per 
formance of the system. . 

9. The oil coolers for the turbine-generator 
lubricating oil may be built into the refrigera 
tion system, which is an advantage inasmuch 
as the latter would normally be ‘located near the 
steam condenser and the oil and refrigerant pip 
ing would be quite simple. 

10. Control of the refrigerating system to ob 
tain the maximum possible vacuum with a min 

‘ imum amount of compressor horsepower could 
be very easily accomplished with a thermally op 
erated valve in the refrigerant line. 

It will be appreciated that the various values 
which I have used in this ‘description are by way 
of example only. I have not attempted to give a 
complete heat balance for any of the. cycles or 
systems discussed, as this appears to be unneces 
sary and would obviously represent only a‘ par 

' ticular set of conditions in any event. I have 
arbitrarily ‘chosen to base my discussion upon a 
locomotive having a vapor generator capacity of 
approximately 50,000 lb./hr. of steam at 1500 
p. s. i. and 900° F. total temperature. Ordinarily 
this should produce a turbine output of approxi 
mately 6500 H. P. with a steam condenser operat 
ing at '28 inches of vacuum. Allowing even as 
much as 500 H. P.‘for the exhaust fans of the 
airrcooledheatexchangersland as high as 1000 
H- P- for the vepoaeemressea: mean 
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gain in horsepower is 50-70% over a non-con 
densing steam engine locomotive or an air-cooled 
steam condenser turbine installation. 
While in Fig. l I have diagrammatically in 

dicated the vapor compressor as directly driven 
from the steam turbine, it will be appreciated. 
that this may be through the necessary speed 
reduction gears, but the location of the com 
pressor will obviously be'adjacent the steam tur 
bine and steam condenser to take advantage of 
the shortest possible runs of piping for the am 
monia vapor. Also the compressor being driven 
by the main turbine increases the size of the 
main turbine, thus making it more ef?cient. 

This preferred cycle takes advantage of the 
high coeihcient of heat transfer from the b0-il~ 
ing or condensing ?uid, that is the heat trans 
fer between condensing steam and boiling am 
monia. 

In Fig. 4 I follow the same general arrange— 
ment as in Fig. 1, except that I have indicated 
that a portion of the air cooled heat exchanger 
surface may be located in the path of the forced 
draft supply for the vapor generator. The vapor 
generator is indicated at [2 and includes a con 
ventional combustion chamber. It is supplied 
with any convenient fuel, such as oil or pu1~ 
verized coal, and with air for combustion pro 
duced by a fan is passing air under pressure 
through a conduit M. In the conduit i4 is lo 
cated a secondary heat exchanger l5 through 
which a portion of the high pressure ammonia 
vapor is passed for condensing the same. The 
heat taken from the ammonia vapor, namely, the 
latent heat of vaporization plus superheat due 
to the compressor is given oif to the combustion 
air, thus aiding the efficiency of the combustion 
process within the vapor generator H2. The heat 
exchangers i l comprise primary heat exchange or 
condensing means. 
For cooling the bearing lubricating oil of the 

steam turbine I indicate that the oil may be 
passed through a coil I5 located in the liquid 
receiver 8. At this location the ammonia liquid 
(for the present example) is under pressure of 
approximately 212 p. s. i., a temperature of 80° 
F. and a B. t. u. content of 155 B. t. u. per pound. 
The oil temperaure being in the neighborhood of 
140° F. and of only a fraction volume flow rate 
compared with the volume flow rate of the liquid 
ammonia will be cooled toward 80° F. with no 
very appreciable rise in temperature or B. t. u. 
content of the ammonia liquid. Here again the 
location is ideal, as the liquid receiver is prefer 
ably located with substantially nothing other 
than the expansion valve 9A between the liquid 
receiver and the inlet to the ammonia vaporizer 
3. This location in immediate proximity to the 
steam condenser 3 and steam turbine 2 mini‘ 
mizes the piping for turbine bearing oil to and 
from the oil cooling coil I6. 

Control of the system to obtain maximum 
possible vacuum with the minimum amount of 
compressor horsepower may readily be accom 
plished with a thermally operated expansion 
valve 9A in the liquid ammonia pipe leading 
from the liquid receiver 8 to the ammonia vapor~ 
izer 3. A temperature sensitive bulb ll auto 
matically actuates the expansion valve 9A. If 
desired, this may be a pressure responsive ex 
pansion valve sensitive to pressure within the 
hot well 4, which pressure is, of course, a func 
tion of temperature under these absolute pres 
sure values of high vacuum. 

(Ii 
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3 
In applying the refrigerating cycle to the 

steam condenser of such a power plant there is 
the further possibility of making this cycle work 
as a binary vapor engine, as well as producing 
the necessary cooling for the steam condenser. 
If the compressor were designed so that it would 
function either as a compressor driven from the 
main turbine, or as a turbine putting power back 
into the main unit, the system itself could be ar 
ranged so that it would either add to or subtract 
from the power of the main turbine. It might be 
desirable to have an ammonia vapor turbine and 
an ammonia vapor compressor as separate units, 
with the necessary valving. 

If the ambient air temperature were high it 
would then be necessary to furnish power from 
the main turbine to the compressor in order to 
produce the necessary refrigerating action to 
give the desired temperature di?erence both in 
the steam condenser and in the air cooled heat 
exchanger. 

If, however, the ambient temperature were 
low enough, then the reirigerating act.0n would 
not be necessary and a lower pressure could be 
maintained in the air cooled heat exchanger than 
in the steam condenser, and the action would be 
for the vapor generator in the steam condenser to 
run the compressor and furnish power back to the 
main unit, this vapor being condensed in the air 
cooled heat exchanger. A liquid pump would 
obviously be necessary in this case, and this pump 
could be connected in the liquid line and run 
only at times when the ambient temperature is 
low enough to use the compressor as a power 
generator. The horsepower required in the liquid 
pump would be quite small, since the quantities 
circulated are not large in liquid phase. 
While I have chosen to illustrate and describe 

only a preferred embodiment, it will be under 
stood that this is by way of example only. The 
type of refrigerant suggested, as well as the vari 
ous vaiues of quantities, temperatures, pressures, 
etc, are given by Way of example rather than as 
indicative of a de?nite heat balance. 
What I claim as new, and desire to secure by 

Letters Patent of the United States, is: 
A turbo-electric railway locomotive comprising 

a steam generator having a combustion chamber, 
a steam turbine connected with said steam gener 
ator, a steam condenser arranged immediately 
adjacent said turbine and connected to receive 
exhaust steam therefrom, said condenser being 
arranged within the locomotive for protection 
from the exterior temperature conditions, a closed 
cycle volatile liquid refrigerant system comprising 
primary refrigerant condensing means subjected 
to temperature conditions at the exterior of the 
locomotive, secondary refrigerant condensing 
means disposed in the path of the draft supply 
to the combustion chamber for the steam gener 
ator, passage means connecting both said refrig 
erant condensing means in parallel with said 
steam condenser, a vapor compressor connected 
in said passage means at the intake side of said 
refrigerant condensing means, a liquid receiver 
connected in said passage means at the discharge 
side of said refrigerant condensing means, and 
an expansion valve arranged in said passage 
means between said liquid receiver and said 
steam condenser. 

PAUL S. DICKEY. 
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