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UNITED STATES PATENT office 

Pennsylvania, 
Application July 23, 1936, Seria No. 92,089 

7 Claims. (C. 62-2) 
My invention relates to vacuum producing ap 

paratus, more particularly to such apparatus hav 
ing evaporative condenser apparatus, and it has 
for an object to provide improved apparatus of 
the character set forth. 
A further object is to provide condenser ap 

paratus that may be manufactured in standard 
units. - 

Another object is to vary the amount of con 
denser capacity in operation in accordance with 
the load on the vacuum producing apparatus. 
The present invention is particularly applicable 

to refrigerating apparatus of the vapor or steam 
jet type, and comprises a separate condenser ele 
Inent for each ejector. Preferably, separate air 
circulating fans, or other means, are provided so 
that the circulation of air over each condenser 
element may be initiated and terminated simul 
taneously with initiation and termination of 
operation of the associated ejector. 
These and other objects are effected by my in 

vention as will be apparent from the following 
description and claims taken in connection with 
the accompanying drawings, diagrammatically 
illustrating the invention and forming a part of 
this application, in which: 

Fig. 1 is a side elevation, partly in section, of 
apparatus in accordance with my invention; and, 

Fig. 2 is an end elevation, partly in section, as 
Seen from the right of Fig. 1. 

In the form shown on the drawings, I have 
illustrated my invention as embodied in steam 
jet refrigerating apparatus. The latter includes 
an evaporator in which cooling of water is ef 

5 fected by partial evaporation thereof under re 
duced pressure. The water to be cooled is con 
veyed to the evaporator 0 through a conduit 
and Sprayed therein by any suitable means, such 
as by slotted conduits 2. A valve 3 in the con 
duit , actuated by a float 24 in response to the 
level of water in the evaporator 0, controls the 
admission of water to be cooled. The cooled 
water is conveyed to the point of use through a 
conduit 5 connected to the bottom of the evapo 
rator 0, a suitable pump (not shown) being pro 
vided. In the present embodiment, the evapo 
rator () is preferably supported at a somewhat 
elevated position, as by means of columns or 
posts 6. 
A plurality of ejectors, such as the ejectors 

and 8, are provided for removing the vapor from 
the evaporator O. Each ejector has its suction 
inlet f 9 connected to a vapor outlet 2 at the top 
of the evaporator. Each ejector comprises noz 
Zles 22 supplied with motive steam from a con 

, the exterior thereof. 

duit 23. It may also have a starting nozzle 26 
Supplied with steam from the conduit 23 through 
a branch conduit 25 and a valve 26. A valve 27, 
provided in the conduit 23, is adapted to control 
the flow of steam to both sets of nozzles of the 5 
ejector, f, and a similar valve 2 is provided for . 
the ejector 8. When the starting nozzle 24 is 
employed, automatic control mechanism for Oper 
atting the valve 26 in starting operation of the 
ejector, as described and claimed in Patent 0 
2,033,844 of D. W. R. Morgan and J. W. McNulty 
is preferably provided. Inasmuch as such start 
ing nozzie and the control therefor are not an 
essential part of the present invention, the con 
trol therefor is not described herein. 5 
According to the present invention, each ejec 

tor is provided with a separate condenser or con 
denser element for condensing the exhaust fluid 
therefron, the condensers for the ejectors and 
8 being indicated at 28 and 29, respectively. 20 
Each condenser comprises heads 3 and 32 and a 
bank of tubes 33 connected thereto and extending 
therebetween. The tubes are preferably provided 
with fins or extended heat transfer surfaces on 

The tube bank preferably 25 
comprises a plurality of Superimposed horizontal 
rows of tubes, and the tubes of adjacent roWS 
may be arranged in offset or staggered relation as 
shown in Fig. 2. The head 3 is provided with a 
horizontai partition 36, disposed just below the 30 
uppermost row of tubes and dividing the head 3 
into an inlet chamber 35 and an outlet chamber 
36, the inlet chamber 35 being connected to the 
outlet of the ejector through a suitable conduit 
3. The tubes connected to the outlet chamber 35 
36 constitute air cooler tubes serving to cool or 
de-vaporize the air and non-condensable gases 
discharged from the lower tubes into the head 32, 
while the tubes connected to the inlet chamber 
35 serve primarily to condense steam. It will be 40 
apparent that the partition 34 may be formed or 
disposed so as to connect any desired number of 
air cooling tubes to the outlet chamber 36. Suit 
able air removal apparatus described below is con 
nected to each outlet chamber 36. Vertical side .45 
walls 38 are preferably provided on each side of 
the tube bank between the heads 3 and 32 to 
form a casing or passage for vertical flow of air 
therethrough over the condenser tubes. 
In accordance with the present invention, the 50 

condensers are cooled by evaporative cooling; that 
is, water is sprayed onto the outer surfaces of the 
tubes and a stream of air passed over the Wetted 
surfaces to effect cooling by evaporation of water, 
in the air stream. Each condenser is provided 55 
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with suitable air translating apparatus, for ex 
ample, a propeller fan 39 driven by an electric 
motor 4. The fan is disposed above the tube 
bank and effects a downward flow of air over the 
condenser tubes. A fan housing 42 encompasses 
the propeller fan 39, and a diverging duct member 
or fitting 43 serves to convey and distribute the 
air from the fan to the tube bank. 
A Series of Spray nozzles 44 is disposed. along 

each side of the tube bank at the top thereof, and 
arranged to distribute a spray of water over the 
top of the tube bank. While the water sprays are 
directed more or less transversely of the down 
Ward stream of air, in order to distribute the spray 
over the top of the tube bank, the general direc 
tion of flow of the spray water over the surfaces of 
the tubes is downwardly, in the same direction as 
the flow of air. I find that such an arrangement 
is highly advantageous in reducing resistance to 
flow of air, particularly as compared with an 
arrangement in which the water sprays are 
directed in a direction opposite to the flow of air. 

In order to provide for the collection of unevap 
orated Spray water, I provide a drippan 45, pref 
erably common to and extending under the full 
horizontal extent of both the condensers includ 
ing the space between the two condensers. To 
provide for the discharge of air and to give the 
Water particles an opportunity to be separated 
from the discharged air stream, I preferably 
mount the condensers in a somewhat elevated 
position by means of columns 46. 

columns extend, and the edges of the openings are 
Welded to the columns to prevent leakage of water 
and to support the drippan on the columns. The 
Space between the bottom of the condensers and 
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the drip pan is enclosed by a louvered structure 
4, also common to the two condensers. The 
structure comprises horizontally-extending lou 
vers each having an outwardly inclined portion 48 
and a horizontal portion 49, and arranged to form 
four vertical louvered walls providing a rectangul 
lar enclosure about said space. 
The condenser tubes 33 are preferably inclined 

to the right, as seen in Fig. 1, causing the con 
densate to drain by gravity. into the head 32. 
From the latter, the condensate from each COm 
denser is drained by gravity first through a 
branch conduit 51 and then through a common 
Conduit 52 to a pump 53. From the latter, the 
Water is conveyed from a conduit 54 into the drip 
pan 5. The branch conduits 5 extend down 
Wardly a sufficient distance before they are joined 
to provide a loop or hydrostatic seal therebetween 
w one condenser is in operation and the other 
SOt. 

The outlet chambers 36 of the condensers 28 and 
29 are connected to suitable air removal appara 
tus through branch conduits 62 and 63 and a 
Connon conduit 64. Valves 67 and 68 are co 
nected in the branch conduits 62 and 63 and are 
actuated by solenoids 69 and 7, respectively. 
The air removal apparatus preferably comprises 

a first stage air ejector 55 and a second Stage air 
ejector 56. An intermediate condenser 57 is con 
nected to the outlet of the ejector 55, the con 
densate from said condenser being drained into 
the head 32 of one of the condensers by means of 
a conduit 59 arranged in the form of a seal, while 
the uncondensed fluid is withdrawn by the second 
stage ejector 56. An after condenser 58 is con 
nected to the outlet of the latter, the condensate 
formed therein being drained by gravity through. 
a conduit 6 to the drippan 45, while the uncon 

The drip pan. 
5 is formed with openings through which the 

2,70,802 
densed fluid is vented to the atmosphere through 
a vent 60. 
The ejectors 55 and 56 are supplied with steam 

from the conduit 23, valves 65 and 66 being pro 
vided for the respective ejectors. These valves 
may well be manually controlled, since it is desir 
able to maintain the air removal apparatus in 
continuous operation, even thoug. operation of 
the main ejectors may be intermittent. How 
ever, it will be apparent that the valves may be 
automatically controlled so as to be in operation 
Only at Such time as at least one condenser is in 
Operation. 
The drip pan 45 is provided with a sump tank 

72, to which a conduit 73 is connected for remov 
ing the unevaporated spray water, together with 
the condensate collected therein, to be re-deliv 
ered to the Sprays 44. The conduit T3 is con 
nected to the inlet of pump 74, which discharges 
the same into a conduit 75. One feature of the 
present invention resides in the use of the un 
evaporated Spray water, which has been cooled 
Substantially to the wet bulb temperature of air 
circulated over the condensers, as circulating 
Water in the intermediate and after condensers. 
Accordingly, the conduit 75 is connected to the 
intermediate condenser 57, and the unevaporated 
Spray Water is circulated first through the inter 
mediate condenser 57 and then through the after 
condenser 58. From the latter, it is conveyed 
through a conduit 76 and branch conduits 77 and 
78 connected to the spray nozzles 44 of the con 
densers 28 and 29, respectively. The branch con 
duits 77 and 8 are provided with valves 79 and 
8, provided with solenoids 82 and 83, respectively. 
A control System for automatic operation of 

the above described apparatus is preferably pro 
vided. I preferably design the control system so 
as to effect admission of steam to the ejector, 
Operation of the air fan, delivery of water to the 
Spray nozzles, and communication with the air 
removal apparatus simultaneously with the op 
eration of each ejector. In the drawings, I show 
a preferred form of electrical control supplied 
with current from line conductors L- and L-2. 
The control includes a thermostat 84 responsive 
to the temperature of the cooled or chilled water 
discharged from the apparatus through the con 
duit 5 and connected to the movable arm 85 
of a Switch mechanism 86. The latter includes 
a contact 87 connected to a conductor 88 for 
controlling the ejector 7 and its auxiliaries, and 
a contact 89 connected to a conductor 9 for 
controlling the ejector 8 and its auxiliaries. The 
arm 85, which is connected to the line conductor 
L- is arranged to engage the contacts 87 and 
89 successively upon successive predetermined in 
creases in the temperature of the chilled water. 
The Solenoids 20, 69, and 82 and the fan motor 

associated with the ejector f 8 are controlled 
by the conductor 88, preferably having one ter 
minal connected to the conductor 88 and the 
other terminal connected to the line conductor 
T-2. Similarly, the Solenoids and the fan motor 
associated with the ejector f8 are preferably con 
nected in parallel between the conductor 9 and 
the line conductor L-2 so as to be Simultaneously 
energized upon energization of the conductor 9. 

Operation 

The operation of the above-described apparatus 
is as follows: To initiate operation of the re 
frigerating apparatus, operation of the conden 
Sate pump 53, the circulating water pump 4, the 
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air ejectors 55 and 56, and circulation of the 75 



5 moved by the thermostat 84 to engage both con- orative cooling as above described. 5 
tacts 8 and 89, thereby energizing circuits 88 When the cooling load drops to a point such 
and 9 to effect operation of both ejectors. that the operation of one ejector is sufficient to 
Both valves 27-27 (and the valves 26) are provide the desired temperature, the tempera 

opened to supply steam for operation of the ejec- ture of the chilled water leaving the conduit 5 
in tors 7 and 8. The ejectors 7 and 8 with- decreases, whereupon the switch arm 85 is moved 10 

draw vapor from the evaporator O and discharge downwardly to disengage the contact 89, deemer 
the same, together with the motivating steam, gizing the conductor 9. The ejector f3 and its 
into the condensers 28 and 29, respectively. The condenser 29 are thereby shut down, the fan mo 
removal of vapor from the evaporator iO effects tor 4, and the solenoids 20, 7 and 83, being de 
a reduction in pressure therein, whereupon a por- energized to shut off the flow of steam to the 15 
tion of the water circulated therethrough vapor- ejector, the flow of water to the spray nozzles 44 
izes and is cooled. The steam discharged from and the communication with the air removal 
each ejector passes through the inlet chamber means. The admission of steam to the ejector f7 
85 of the associated condenser into the condens- and the operation of its auxiliaries are continued 

go ing. tubes connected to said inlet chamber, in so that the ejector 7 and the condenser, 28 con- 20 
which tubes the major portion of the steam is tinue to operate in the same manner as before. 
condensed. The air and non-condensable vapors. In this case, the air leaving the condenser 28 may 
then flow, from the head 32, through the tubes move outwardly through the entire louvered 
in the uppermost row, in which they are cooled structure 47 so that the velocity thereof may be 

25 and partly devaporized, to the outlet chamber, somewhat reduced. Inasmuch as the ejectors are 25 
36, from which they are conveyed through the provided with separate condensers, the shutting 
connecting conduits to the air removal appa- down of the ejector f 8 will not result in back flow 
ratus. The condensate from the condensers is of vapor from the condenser into the evaporator 
drained from the heads 32 through the conduits 0, except a momentary flow incidental to equali 

305 and 52 to the condensate pump 53, from which zation of pressure between the evaporator O and 30 
it is discharged through the conduit 54 into the the condenser 29. This arrangement eliminates 
drip pan 5. the necessity of a valve between the evaporator 
The fan 39 of each condenser effects down- and the suction inlet of each ejector. 

ward flow of air through the vertical passage. Upon further decrease in cooling load and drop 
35 formed by the heads 3 and 32 and the side walls in the temperature of the chilled water in the 

38 and over the surfaces of the tubes 33. It conduit f5, the switch arm 85 disengages the con 
first passes over the uppermost row of tubes serv- tacts 87, thereby deemergizing the conductor 88. 
ing as air cooler tubes, so as to effect, the lowest The flow of steam to the ejector 7 and the op 
temperature of the air and non-condensable va- eration of its auxiliaries is then shut down, there 

40 pors. The nozzles. 44 direct sprays of water onto by terminating removal of the vapor from the 40 
the top of the tube bank, which water is car- evaporator 0. In the illustrated embodiment, 
ried down with the air stream. The water Wets the air removal apparatus continues to Operate 
the air cooled surfaces of the tubes, so that evap- during intermittent operation of the ejectors, in 
orative cooling of the tubes is effected; that is, order that vacuum for air removal may be main 

45 the latent heat abstracted from the steam with- tained. It is to be understood, however, that any 45 
in the tubes is largely used as latent heat to suitable control for the air removal means, known 
vaporize water on the exterior surfaces of the in the art, may be provided. 
tubes, the water vapor being carried away with Upon increase in chilled water temperature, the 
the air stream. The air then flows downwardly arm 85 is moved upwardly by the thermostat 84 

5) from the tube bank into the space enclosed by first into engagement with the contact 87, there- 50 
the louvered structure 47, and then passes hori- by again initiating operation of the ejector f7 
Zontally outwardly between the louvers. The and its auxiliaries in the manner above described. 
unevaporated particles of water that are carried Upon further increase in temperature of the 
downwardly by the air stream are collected in chilled water, due to further increase in load, the 

i,j the drippan 45, and the louvers assist in separat- arm 85 is moved into engagement with the con- 55 
ing the smaller particles which would otherwise tact 89 thereby starting operation of the ejector 
be carried away by the air stream. f8 and its auxiliaries. 
The unevaporated spray water collected by the From the above construction, it will be seen 

drip pan 45 is removed from the sump 72 thereof that I have provided a novel arrangement of 
60 and conveyed through the conduit T3 to the pump evaporative condenser for steam jet refrigerating 60 

74, from which it is discharged into the conduit apparatus. A desirable feature is the provision of 
75. The latter conveys the water to the inter- separate condensers, together with separate air 
mediate condenser 57, through which it flows and circulating fans, whereby circulation of air may 
effects condensation of the steam and vapor dis- be terminated upon shutting down of the asso 

65 charged from the first stage ejector 55. It then ciated ejector. 65 
flows through the after condenser 58, in which Reference is made to my copending application, 
it effects condensation of the steam and vapor Serial No. 186,929, filed January 26, 1938, which 
discharged from the ejector 56. Its temperature describes and claims subject-matter divided from 
having been increased by the absorption of heat, this application. 

70 the water is conveyed from the after condenser While I have shown my invention in but one 70 

2,170,802 
chilled water are first initiated. Assuming a 
maximum refrigerating demand, this is repre 
Sented by a sufficiently high temperature of the 
chilled water to cause the switch arm 85 to be 

through the conduit 76 and the branch conduits 
77 and 78 to the spray nozzles 44, from which 
it is re-sprayed. As the water passes through the 
air stream, the heat removed from the inter 

3 
tial evaporation of the water in the air stream, 
the temperature of the water being rapidly re 
duced to that of the wet bulb temperature of the 
air. The water then again serves to provide evap 

form, it will be obvious to those skilled in the art 
that it is not so limited, but is susceptible of vari 
ous changes and modifications, without depart 
ing from the spirit thereof, and I desire, there 

35 

5 mediate and after condensers is dissipated by par- fore, that only such limitations are placed there- 7 
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4. 
upon as are imposed by the prior art or as are 
specifically set forth in the appended claims. 
What I claim is: 
1. In a vacuum producing apparatus, the com 

bination of a vacuum chamber, a plurality of 
ejectors for withdrawing vapor from said chamber 
to effect a vacuous condition therein, a separate 
condenser element connected to each ejector, Sep 
arate air circulating means for each condenser, 
means for individually rendering said ejectors op 
erative or inoperative, and means for initiating 
and terminating operation of the air circulating 
means of each condenser element simultaneously, 
with initiation and termination of operation of 
the associated ejector. 

2. In refrigerating apparatus, the Combination 
of evaporator means, a plurality of ejectors con 
nected to said evaporator means, a separate Con 
densing element connected to each ejector, means 
for circulating cooling fluid in heat-exchanging 
relation with said condensing elements, means for 
rendering said ejectors individually operative or 
inoperative, and means for initiating and termi 
nating circulation of cooling fluid in heat ex 
changing relation with each condenser element 
simultaneously with initiation and termination, 
respectively, of operation of the associated ejec 
tOr. 

3. In refrigerating apparatus, the combination 
of evaporator means, a plurality of ejectors for 
withdrawing vapor from said evaporator means, 
a condenser element for each ejector, means for 
circulating air over each condenser element, 
means for supplying a film of water to the air 
cooled surfaces of each condenser element, means 
for successively rendering said ejectors operative 
in response to successive increases in refrigerat 
ing load, and means for initiating and terminat 
ing circulation of air and water over each con 
denser element simultaneously with initiation and 
termination, respectively, of the associated ejec 
tOr. 

4. In refrigerating apparatus, the combination 
of an evaporator, a plurality of ejectors for re 
moving vapor therefrom, an evaporative con 
denser for each ejector, means for wetting the 
Surfaces of said condensers, means associated 
with each condenser for circulating air over the 
wetted surfaces thereof, and means whereby each, 

2,170,802 
ejector and the associated air circulating means 
may be simultaneously rendered operative Or in 
operative in response to the temperature of said 
evaporator. 

5. In refrigerating apparatus, the combination 
of an evaporator, a plurality of ejectors for re 
moving vapor therefrom, an evaporative con 
denser for each ejector, means for Wetting the 
surfaces of said condensers, means associated 
with each condenser for circulating air Over the 
wetted surfaces thereof, means for rendering said 
ejectors individually operative or inoperative, 
and means for rendering each air circulating 
means operative or inoperative simultaneously 
With its associated ejector. 

6. In refrigerating apparatus, the combination 
of evaporator means; a plurality of ejector-con 
denser units for effecting pressure reduction in 
Said evaporator means; each ejector-condenser 
unit comprising an ejector connected to said 
evaporator means, a separate evaporative con 
densing element for the ejector, means for cir 
culating air over the surfaces of said condensing 
element, means for Spraying water onto said Sur 
faces, an air outlet for the condensing element, 
and means for controlling the admission of no 
tive fluid to the ejector; and means for render 
ing said ejector-condenser units individually op 
erative or inoperative, said last-mentioned means 
initiating and terminating admission of motive 
fluid, opening of the air outlet, and operation of 
the air circulating means and the water spray 
means of each ejector simultaneously upon ini 
tiating and terminating operation, respectively, 
of the ejector-condenser unit, 

7. In refrigerating apparatus, the combina 
tion of an evaporator chamber, a plurality of 
ejectors having their suction inlets connected to 
said chamber, means for individually rendering 
said ejectors operative, condenser elements con 
nected to the outlets of the respective ejectors, 
common means for removing air and non-con 
densable vapor fron said condenser elements, 
and means for initiating and terminating con 
munication between the condenser element of one 
ejector and said air removal means simultaneous 
ly with initiation and termination, respectively, 
of operation of said one ejector. 
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