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UNITED STATES PATENT OFFICE 

WAPOR CONDENSER AND LEQUIS) 
RADATOR, 

Nathan C. Price, Hollywood, Calif. 
Application November 20, 1940, Serial No. 366,374 

(C. 60-96) 8 Claims. 
This invention relates to improvements in 

Vapor condensers and/or liquid radiators, and 
more particularly to a novel construction and 
arrangement for Such apparatus, wherein air at 
atmospheric temperature is utilized as the means 
for absorbing and dissipating the heat. Other 
phases of the invention relate to novel methods 
for automatically controlling and stabilizing such 
apparatus. 

It is, therefore, among the primary objects of 
this invention to provide a novel construction 
for vapor condensers and/or radiators wherein 
air at atmospheric temperature is utilized as the 
COOling medium; to provide an apparatus of the 
type described of unusual compactness and ex 
treme capacity; to provide a novel means for 
Controlling or regulating such apparatus which 
Will operate automatically to maintain uniform 
thermal conditions at the condenser or radiator 
outlet; to provide a control apparatus which will 
maintain condenser outlet temperatures sufi 
ciently below the Saturation temperature to pre 
vent vapor locking in the feed water pumps and 
yet sufficiently high for proper cycle efficiency; 
to provide a more efficient apparatus for driving 
auxiliary apparatus in aircraft such as electric 
generators or engine superchargers; to provide 
an efficient means for waste heat recovery and 
heating air; and many other objects and advan 
tages as will become more apparent as the de 
Scription proceeds. 

In accordance. With the invention, an appa 
ratus is provided which may be adapted with 
very slight modifications to function either, as 
a condenser for Steam or other vapors or as a 
radiator for liquid cooled internal combustion 
engines. Furthermore, the invention is suited 
to assist in aircraft propulsion, or in lift alug 
mentation by providing a novel. and efficient 
means for pumping and adding heat to air for 
purposes of boundary layer control over an aero 
dynamic Surface. The many disadvantages, nor 
mally associated with apparatus of this type and 
Which have heretofore restricted the use thereof 
have been completely eliminated. This fact in 
conjunction with the many new advantages re 
Sulting therefrom will be readily understood and 
appreciated by those skilled in the art after 
reading the following detailed description of the 
drawings forming a part of this specification. 

In the drawings: 
Figure I is a longitudinal section through a 

condenser - constructed in accordance with my 
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ment thereof with respect to the cooling fan and 
the steam turbine. 

Figure II is an enlarged sectional view of the 
fan end of the condenser clearly illustrating the 
mechanism for varying the pitch of the pro 
peller blades. 

Figure III is an enlarged Sectional view of the 
condensate end of the condenser and illustrates 
in detail the novel control apparatus incorpo 
rated therein. 

Figure IV is a Sectional view taken on the line 
IV-V of Figure I to more clearly show the pre 
ferred construction of the condenser tubes. 

Figure W is a side elevation of an auxiliary 
steam power unit embodying the condenser of 
this invention. 

Figure WI is a diagrammatic showing of the 
Steam. Supply control operated by the condenser 
pressure. 

Referring to Figure I, the condenser core O 
is comprised of a plurality of flattened tubes ff 
circumferentially disposed with respect to a lon 
gitudinal axis A-A, the axes of said tubes 
extending parallel to Said axis A-A, and a plu 
rality of longitudinally Spaced, transverse, an 
nular, radiating fins f2 secured to said tubes 
and circumferentially spacing same, said tubes 

and fins 2 cooperating to form a substantially 
circular, central recess 4. Disposed within said 
recess 4 are a plurality of conoidal diffusers 5, 
the throats 5 of which are directed toward, and 
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diametrically proportioned with respect to a pro 
peller type fan 6 disposed in the end of said 
receSS f4. By this arrangement each diffuser 5 
draws off a definite portion of the air at said 
receSS 4 delivered by the fan 6 and distributes 
Sane along the core . . . Another advantage is 
that it permits the use of a very small fan oper 
ating at extremely high speeds and prevents 
recirculation of the air within the recess 4. The 
diffusers 5 also serve as turning vanes and direct 
the air radially outward between the fins 2. It 
will be noticed that Several of the fins 2 between 
adjacent diffuser cones 5 are provided with 
curled edges f which protrude into the recess 
4 and further assist in guiding and directing 

the air. Over the condenser tubes . . . The inner 
most of the conoidal diffusers 5 serves as a guide 
for the rod 3 which controls the pitch of the 
fan blades 9, and also as a Support for the fan 
pitch control mechanism as will be hereinafter 
described. 
Further. describing. the flow of cooling air 

through the condenser core 0 it is to be under 
invention and showing also the general arrange- 55 stood that the Viscosity of air increases with the 



2 
temperature. Accordingly the portion of the core 
0 nearest the fan f6 tends to have a greater 

pressure drop between the fins 2 due to the 
higher temperature. The conoidal diffusers 5 
receive the air from the fan 6 and distribute 
it along the core O so that the air which receives 
the greatest energy from said fan f6 is directed 
to the portion of the core O which has greatest 
air flow resistance, while the portion of the air 
emanating from the region nearest the center of 
the fan 6 is directed to the portion of the core 
O having the least air flow resistance. Accord 

ingly, air is drawn by each diffuser 5 in propor 
tion to the pressure drop to be overcome. This 
arrangement promotes high fan efficiency and 
eliminates circulatory flow within the recess 4. 
The fan f6 is herein illustrated as being di 

rectly driven by a vapor turbine 20 enclosed with 
in a turbine casing 2 ?, the turbine shaft 43 being 
coaxial and Substantially a continuation of the 
fan shaft 44. In Operation the exhausted Work 
ing vapor passes from the turbine casing 2f into 
a diffuser 22 which communicates with an an 
nular collector chamber 23 disposed at the fan 
end of the core O. Since the ends 24 of the tubes 
f open into the annular chamber 23, the vapor 
upon entering said chamber 23 is uniformly dis 
tributed to each of said tubes . This distribu 
tion is further improved by the action of the 
diffuser 22 in which the residual velocity of the 
vapor is converted into pressure which forces said 
vapor through the tubes f. The vapor in flowing 
along said tubes is cooled until upon reaching 
the ends 25 thereof, remote to the fan 6, it is 
completely condensed. Annular ducts 26 and 27, 
disposed around the end of the core 0, collect the 
condensed vapor, hereinafter referred to as con 
densate, and conduct same to the condenser out 
let 28. 
In my preferred construction, the inner surface 

of the condenser tubes is extended by means 
of transverse Strips 29 increasing in number to 
Ward the condensate ends thereof as is particu 
larly illustrated in Figure IV. Such construction 
maintains a more uniform pressure drop within 
Said tubes and increases the preliminary heat 
transfer. Near the condensate ends of the tubes 

these transverse strips 29 direct the vapor and 
condensate in counter flow to the cooling air, as 
indicated by the dashed arrows 30 (see Figure 
III), in Order to facilitate cooling below the satu 
ration temperature. Referring again to Figure 
IV, uniform longitudinal spacing of the fins 2 
is obtained by providing a plurality of shallow 
dimples 3. 
In the normal anticipated installation, con 

siderable auxiliary apparatus, such as electric 
generators, Superchargers and the like, may be 
driven by the turbine 29. Due to the variations 
in the operating power required by such appa 
ratus, the desirability of having a Wide range in 
condenser capacity Will be readily appreciated. 
Accordingly, in the embodiment herein illus 
trated, I have incorporated a novel method and 
apparatus for automatically varying the con 
denser capacity in accordance With the condens 
ing requirements imposed thereon. This control 
apparatus consists primarily of a fan 6 in which 
the blades 9 are variable in pitch, and of a mech 
anism for automatically varying the pitch of said 
blades f$ in response to the thermal conditions 
Within the condenser 9. 

Referring to Figure III the mechanism for 
varying the pitch of the fan blades 9 is com 
posed of a movable piston 3 disposed within the 
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2,294,350 
cylinder 32 and connected to the spirally grooved 
shaft 33 by means of the control rod 8. Conduits 
37 and 37 extending from said cylinder 32 to a 
Small Venturi 38 disposed in the condenser out 
let 28 transmit the differential pressure existing 
between the inlet 39 and throat 40 of the venturi 
38 to said cylinder 32. The spring 4f carried by 
the control rod 8 exerts a force which opposes 
the forces exerted by the differential pressure 
above referred to and tends to maintain the fan 
blades 9 at low pitch. In operation the dynamic 
flow of the condensate through the venturi 38 
produces a differential pressure which acts upon 
the piston 3 to overcome the force of the spring 
4f, and thus move the fan blades 9 to a higher 
pitch. This arrangement provides a continuous 
stable control of the air flow from the fan 6 in 
accordance With the thermal conditions of the 
core 0. Under normal operation the pitch of the 
fan blades 9 remains relatively flat until vapor 
appears in the Wenturi throat 49 at which time the 
higher pressures due to said vapor cause the blade 
pitch to be increased abruptly and the control ap 
paratus becomes very sensitive. Thus the con 
densate is cooled just below the saturation tem 
perature and the power absorbed by the fan 6 is 
maintained at a minimum. 
The internal construction of the variable pitch 

blade fan 6 herein illustrated in Figure II is not 
new in the art and is not deemed essential to this 
invention. Many such known mechanisms are 
entirely satisfactory and may be adapted to this 
use With but slight modification. 
The variable pitchhub design shown in Figure 

II comprises an opposed spirally grooved shaft 33 
longitudinally shiftable in a hub 45 forming a 
gear case driven by the fan shaft 44, on which 
shaft are mounted driving bevel gears A6 and 47 
in Spaced facing relationship, both gears mesh 
ing With pinions 48 fixed to the inner ends of the 
fan blades 9. As long as the grooved shaft 33 
is not shifted longitudinally, the two gears rotate 
as a unit with the fan blades, the shaft 33 having 
a Swiveled connection in a bearing 35, longitu 
dinal movement of which, in response to move 
ment of the control rod 8, forcing differential 
and Opposite rotation of the gears 46 and 47, thus 
turning the fan blades 9 to change their pitch. 
For example, if the control rod moves to the right 
in Figure II, as indicated by the arrow 34, the 
Opposite pitch of the two halves of the spirally 
grooved shaft 33 Will rotate the gears 4 S and 47 
in opposite directions to increase the pitch of the 
fan blades thus increasing the air delivery of the 
fan. It Will be understood that this differential 
movement of the gears 46 and 47 is superimposed 
On the normal rotational movement of the fan 
Shaft 44. 
An additional protective device or control ap 

paratus is also incorporated herein comprising 
a reset type electric (micro) switch 42 which is 
Sensitive to the pressure within the condenser 
core 0, thus if the condenser pressure would 
abruptly rise to a relatively high value the switch 
42 may be utilized to break the circuit to a sole 
noid operated valve (not shown) disposed in the 
Steam line leading to the turbine 6, such safety 
apparatus Would prevent damage to the con 
denser 0 by the high pressure vapor. 

Having fully described the invention in its 
present preferred embodiments, it is to be under 
stood that many modifications and substitutions 
may be resorted to in a manner limited only by 
a just interpretation of the following claims. 
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I claim: 
1. In heat exchange apparatus, the combina 

tion of a vapor turbine, an air cooled condenser 
for condensing the exhaust Wapor from Said tur 
bine, a fan driven by Said turbine for Supplying 
air to said condenser, and a control apparatus 
responsive to the dynamic flow pressure of the 
exhaust vapor leaving said condenser so as to 
vary the quantity of cooling air Supplied thereto. 

2. In heat exchange apparatus, the combina 
tion of a vapor turbine, an air cooled Vapor Con 
denser, a variable pitch blade fan driven by said 
turbine and disposed. So as to Supply Cooling air 
to said condenser, and a control apparatus oper 
atting in response to the presence of vapor at the 
Condensate end of Said condenser to vary the 
pitch of said fan blades and thereby increase 
the quantity of condenser cooling air. 

3. In heat exchange apparatus, the combina 
tion of air cooled vapor condenser, a variable 
pitch blade fan for Supplying cooling air to Said 
condenser, and a control apparatus for varying 
the quantity of cooling air Supplied to said con 
denser, said control apparatus comprising a 
venturi disposed in the condenser outlet and a 
mechanism operating in response to the differ 
ential pressure between the inlet and throat of 
said venturi to vary the pitch of said fan blades. 

4. An apparatus as set forth in claim 3 in 
which said mechanism comprises a cylinder, a. 
movable piston disposed within said cylinder, 
conduit means conducting said differential pres 
Sure to said cylinder, and a fan pitch Operating 
mechanism between said piston and Said variable 
pitch blade fan. 

5. In a power plant, the combination of a 
steam turbine, an air cooled Condenser, means 
for conducting exhaust steam from Said turbine 
to said condenser, a fan with variable pitch 
blades for supplying cooling air to Said con 
denser, a control apparatus responsive to the 
pressure at the condensate end of said con 
denser to vary the pitch of Said fan blades and 
thereby the quantity of cooling air supplied, and 
a second control apparatus responsive to exces 
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sive pressures within the condenser to shut off 
the Supply of steam thereto. 

6. In power plant apparatus, the cornbination 
of an air cooled vapor condenser, means for Sup 
plying vapor at high temperature to said con 
denser, a fan with variable pitch blades for cool 
ing said condenser, and a control mechanism for 
varying the pitch of said fan blades and thereby 
the quantity of cooling air Supplied in response 
to a change in the thermal conditions at the 
condensate end of the condenser, said control 
mechanism comprising a venturi disposed in the 
Condensate outlet, a cylinder, a spring loaded 
novable piston within said cylinder, conduit 
means extending from the inlet of said venturi 
to Said cylinder and from the throat of Said 
Venturi to said cylinder, said piston being actu 
ated by the differential pressure existing between 
the inlet and throat of said venturi, and a pitch 
control mechanism extending between said piston 
and said variable pitch blade fan. 

7. In a steam power plant including an air 
cooled condenser therefor having a condensate 
outlet, a variable pitch fan of the propeller type 
driven by said power plant, said fan being adapt 
ed to force air into Said condenser, a vapor Sensi 
tive mechanism associated With the condensate 
Outlet, and means operatively connecting Said 
vapor sensitive mechanism to the pitch varying 
mechanism of said fan, said connecting means 
being adapted to increase the pitch of said fan 
When said vapor Sensitive mechanism is ener 
gized by the presence of vapor at Said condensate 
Outlet. 

8. In combination with a steam power plant 
of the class described, a variable pitch fan driven 
thereby, a condenser for the steam adapted to 
be cooled by the air blast from said fan, and 
mechanism adapted to be energized by vapor in 
the condensate from said condenser, Said mecha 
nism including a connection to the variable pitch 
fan whereby to increase the delivery thereof in 
response to the presence of vapor in said con 
densate. 

NATHAN C. PRICE, 


