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This invention relates generally to the pre 
cooling of vegetable produce prior to shipment 
thereof, and more particularly, to a refrigeration 
system for this purpose which cools the prod 
uce by reducing‘ the vapor pressure surround 
ing the same, whereby to cause rapid evapora 
tion of the surface moisture. These general 
principles are disclosed in Patent No. 2,344,151, 
issued March 14, 1944, to Morris Kasser. 
The method. of cooling disclosed in the above 

mentioned patent may be termed generally 
"vacuum cooling,” and depends for its operation 
on the principle that evaporating water, or for 
that matter any liquid, absorbs heat of vaporiza 
tion from the surrounding media. 
One of the principal advantageous uses of the 

vacuum cooling principle is in the precooling of 
vegetable produce such, for example, as lettuce, 
celery, and other leafy vegetables, prior to their 
shipment in refrigerator cars. Prior to the use 
of vacuum cooling, it was the practice to inter 
layer the packed produce with layers. of- crushed 
ice as the material was packed, so that the en 
tire body of. the shipment would be kept at a 
temperature at or near 32° F. Such practice 
has numerous disadvantages, among which are 
the fact that the lumps of crushed ice tend to 
bruise tender vegetables such as lettuce; the 
water from the melting crushed ice causes a cer 
tain degree of deterioration of the produce and 
is‘ generally a nuisance in the shipment; and 
the‘ crushed ice, in spite of great care in dis 
tributing the‘ same, does not maintain as uni 
form a temperature‘ throughout the body of the 
packed shipment as is desired. Still further, the 
operation of packing the crushed ice‘ into crates 
orv other containers with the produce is a costly 
and time-consuming phase of the shipping op 
e‘ration‘. 
With a view of avoiding the foregoing di?i 

culties, it has been found advantageous to pack 
the produce without ice, and" place the packed 
crates. in a large, hermetically scalable chamber, 
and thereafter evacuate the chamber, where 
upon the moisture on. the leaves of the produce 
evaporates and rapidly reduces the temperature 
of’ the vegetable material. It will be‘ seen that 
the cooling eii‘ected’ in this manner takes place 
substantially uniformly throughout the body‘ of 
the vegetable, rather than merely cooling the 
surface‘ thereof as is the case with‘ ice or other 
external refrigeration‘ means; The crated prod 
uce thus precooled may then be packed into 
refrigerator freight cars and shipped, the only 
refrigeration‘. thereafter‘: required; being that pro‘ 
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2 
vided by the ice‘ bunkers in therefrigerator'car 
itself. 

The‘ present invention concerns itself with the 
ei?cient, continuous operation of a multiple 
chamber‘ vacuum cooling system operating’ on the 
general principles above described. 
A major object of‘ the invention is- to provide 

a cooling system in which the power required 
to evacuate the cooling chambers is reduced to 
a practical minimum and in which the optimum 
use is made of the'potentiall energy of the evacu 
ated chambers. , 

Another object of the invention is to- provide 
a system of the class described in which a num 
ber of evacuating pumps‘ are employed, certain 
of the-pumps being designed speci?cally for e?i 
cient operation on air, and other pumps being 
designed to operate most e?iciently in the'pump 
ing of water vapor; _ 

Still another‘obiect‘of‘ the invention is to~'pro' 
vide a refrigerating system in which the‘ time 
periods for loading and unloading the cooling 
chambers may be so telescoped as to make pos 
sible substantially continuous operation of the 
power plant whereby the same need not be shut 
down for lengthy periods between successive 
cooling phases of the operation. 
The‘ foregoing and other objects and advan 

tages of the invention will appear from the fol 
lowing detailed‘ description thereof, as incor 
porated in a plant for precooling lettuce prior 
to shipment. Itwill be realized of course, that 
the system is not con?ned inits use to the cool. 
ing of lettuce but canbe used with equivalent 
effect and with little or no modi?cation on other 
materials. The description isillustrated- in the 
attached drawings, wherein: 
Figure 1 is a semi-schematic elevational view. 

taken» through a dual chamber cooling system 
embodying the present invention; 
Figure 2 is an elevationalsection takenonthe 

line 2_2 in Figure 1; 
Figure 3 is an elevationalmedial section taken 

through a barometric condenser system em 
ployed in connection with theplant in‘ Figure l; 
and 
.Figure 4 is a time-pressure’ graph illustrating 

the cyclic operation’ of the plant illustrated in 
Figure 1. 
The dual‘ chamber cooling system illustrated 

in Figure l is bilaterally symmetrical, that is, the 
elements associatedv with one of the cooling 
chambers are, for they large part, duplicated in 
connection with the other chamber. According‘ 
ly, it‘ is necessary herein: to" describein- detailv only 



character l8 in Figure 1. 
in the conduits 16 so as to close the latter at cer 
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one set of elements, it being understood that un 
less otherwise noted, such elements are duplicat 
ed in connection with the other chamber. The 
chambers have been designated generally by the 
reference character It! and differentiated be 
tween themselves by the reference characters A 
and B, as shown in Figure 1. 
Each of the chambers comprises a generally 

cylindrical hermetic enclosure provided with an 
air-tight door (not shown) whereby packed 
crates of produce 1 I may be wheeled into and out 
of the chamber on conventional wheeled c0n~ 
veyors l2. Each of the chambers is provided 
with two exhaust conduits l5 and it, the conduit 
l5 being for connection to a ?rst pump adapted 
to the purpose of initially exhausting substantial 
ly all of the air from the chambers l0, and the 
conduit 16 being for connection to a second pump 
adapted to the purpose of further reducing the 
vapor pressure in the chambers l 0 after substan 
tially all of the air has been exhausted therefrom. 
The exhaust conduits l5 are interconnected by 

a manifold I9 in which are mounted two or more 
steam ejector pumps 2! each of which comprises 
a restrictive throat or venturi portion 22 into 
which a nozzle 23 directs a jet of steam provided 
through a manifold connection 24 under the con 
trol of a valve 25. The air ejector pumps 22 ex 
haust upwardly through suitable exhaust pipes 
26, discharging the steam and air carried there_ . 
by preferably through the roof of the building in 
which the cooling system is housed. The air 
ejector pumps 22 are especially designed to han~ 
dle air at a pressure ratio up to approximately 
10 to 1, that is, the pumps will continue to op 
erate, exhausting against atmospheric pressure 
until the pressure within the chambers 10 reaches 
approximately three inches of mercury. After 
the chamber has been evacuated to this pressure, 
the air pumps 22 cease to operate e?iciently, and 
in fact will cease to operate altogether, discharg 
ing the steam from the nozzle 23 back into the 
chamber Ill. Accordingly, suitable valves 29 are 
provided in the exhaust connection l5 whereby 
to close the conduit of a particular chamber It 
when the pressure therein approaches that at 
which the air pump 22 will no longer operate 
e?lciently. Suitable pressure-operated controls 
may be connected to the valve 20 for this pur 
pose, and such controls being of well known de 
sign and operation need not be described in de 
tail herein. 
At certain stages of the cooling operations, as 

will hereinafter appear, it is desired to bleed one 
chamber Ill into the other, and for this purpose v.’ 
an interconnecting pipe 35 is provided, having a 
control valve 36 therein. 

.As the air pressure in the chamber H3 is re 
duced by the operation of the pumps, the rate 
of evaporation of the moisture on the surface of 
the produce increases and becomes very rapid 
when the pressure is reduced to the point where 
water boils at the then ambient temperature. At 
this stage in the operations the contents of the 
chamber I!) are predominantly water vapor. .In 
‘order to reduce the temperature of the produce 
in the crates H to that approaching freezing, it 
is necessary to reduce the vapor pressure in the 
chamber in considerably below the three-inch 
limit which can be eiiected by the air pumps 22. 
To this end, a second pump (herein termed a 
“vapor pump”) is provided and interconnected to 
the two chambers I0 by the conduits 15, the 
vapor pump being indicated by the reference 

Valves IT are provided 
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4 
tain points in the cooling cycle as will be herein 
after described. 
The vapor pump 18 is similar in general design 

to the air pumps 22, although the shape of the 
throat 36 of the vapor pump 18 and the number 
and dispositions of the nozzles 3! thereof are 
speci?cally designed to operate on a gaseous mix 
ture comprising principally water vapor, rather 
than the substantially pure air for which the air 
pumps 22 are designed. The design of gas ejec~ 
tor pumps for speci?c gases is well known in the 
art and the details of such design forming no 
part of the present invention, are not set forth 
herein. 
The maximum pressure ratio of the vapor 

pump l8 being substantially the same as the air 
pumps 22, i. e., 10 to 1, it is necessary if the vapor 
pump i8 is to operate efficiently that it exhaust 
against a pressure substantially reduced from 
atmospheric. To this end, the exhaust of the 
vapor pump it! is directed through a vertical con 
duit 33 into a barometric condenser 66, details 
of which are illustrated in Figure 3. 
The condenser 49 will be seen to comprise a 

generally cylindrical body 4|, closed at its upper 
and lower ends, and having a Water inlet con 
nection ‘12 adjacent the upper end thereof. The 
water from the inlet connection 42 discharges 
into an annular basin formed by a circular weir 
like member 43, having a notched upper edge 
whereby the water discharges inwardly from the 
annular basin surrounding the weir 43 in a num 
ber of small streams around the axis of the con 
denser body 4i. As the water descends through 
the condenser 4%, it falls on tray-like ba?les 44 
having upturned edges over which, in turn, the 
Water falls in a sheet downwardly onto the next 
baffle. The cooling water and condensate is dis 
charged through a standpipe 45 at the bottom of 
the condenser body M. 
The steam and vapor from the pump I8, di 

rected through the conduit 33, enters the con 
denser adjacent the lower end thereof as shown 
in Figure 3. Thus, as vapor passes upwardly 
through the condenser 45, it is passed in inti 
mate heat-transfer relation with the water there 
in, causing condensation of a substantial pro 
portion of the water vapor. Such vapor as is 
not condensed in the condenser 4% passes out of 
the top thereof through a conduit 46 to the in 
take of a second stage vapor-air pump 41, which 
in turn discharges into a second stage barometric 
condenser 69, which in turn is exhausted by a 
third stage pump 5|, which exhausts to atmos 
phere. The principal function of the ?nal stage 
pump 5| is to remove from the system such re 
sidual air as has not been removed by the pumps 
22, and such air as may leak into the system dur 
ing the cooling cycle. 
Each of the barometric condensers 4| and 49 

is provided with a standpipe 45 and 52 respec 
tively, the lower ends of which are immersed in 
a tank 53 having a discharge 54. The purpose 
of the tank 53 is to provide a. trap at the lower 
ends of the standpipes. It will be realized of 
course that as the pressure in the condensers 
40 and 49 is reduced, the water rises in the stand 
‘pipes 45 and 52. These pipes are somewhat 
greater than 34 feet in height so that the theo 
retical lower limit of pressure attainable in the 
condensers is equal to the vapor pressure of water 
at the ambient temperature. 
The second stage condenser 49 is provided with 

a water intake 55, equivalent to that of the ?rst 



‘duit- 35 under the control of the valve 36?. 
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stage-.- condenserr' 40., and: the. internal. construc 
tionrof thetcondenseri?tlis'snbstantially: thev same 
ask‘thatr of the primary: stage: condenser: 40;. ex 
cept‘fonzacsmalleriiscale; The. pressure in thecon 
denser: 40.1 being-xgreatlyi depressed,‘ the; operation 
otthezvaporipmnpt t8 downitcr pressures less than 
one inch. ofmercury in. the chamber" lllis pos 
sible:. 
Thea steam for the operation. of the 7second and 

thirdi‘stagespumps is: provided" through a connec 
tion. ?llrhaving. a; branch: connection 48 leading 
to1 the second'sta'gepump 41; Alllsteanr for‘op 
oration oi‘the system'iszprovided bya single con- 
ventional steam plant: (not shown)... 
Each: of.‘ the. chambers‘ ll); is; provided, with. a 

vapor'inta'keconnectiorr. 6B ‘ andza control valve .6 ! 
whereby" small. amounts-mi: water vapor may be 
admitted to. thevchamberr under certain condi 
tions near the end of the; cooling: cycle: The 
vapor admitted in this. manner serves’ to" level 
of‘ the cooling process whereby to prevent‘ in 
advertent freezing of the‘ outsideyoi vegetables, 
such; for example, ashea'dsllof lettuce; before the 
internal‘ temperature of the lettuce: has been re 
duced to the: desired‘ point. Usually the vapor 
intake‘ connection Bil'is not employed except for 
limited'operations- when only one of‘ the cham 
hers‘ m is inoperatio-n. . 
In the. normal cyclic‘ operation of the dual 

chamber‘ cooling system‘, illustrated. in Figure l, 
the produce is alternately loaded» into the‘ two 
chambers, each of which is then‘ successively 
evacuated of air and. thereafter of' vapor. One 
e?icacious’operation cycle is illustrated in Figure 
4', wherein it will be seen that, at certain points 
in the‘ operation, the two chambers are inter 
connected’ as through" the interconnecting con 

As 
indicated in thell'egend‘ of Figure 4, the pressure 
in chamber A is indicated by‘ a. dashed line, 
whereas the pressure in- chamber 3 is indicated 
in f'ullline; It'~w-ill be noted that; atlthe point 
in1 thecycl'e where-the two chambers are inter‘ 
connected, the descending pressure curve of the 
particular chamber then being cooled’ (evacu 
ated?) is‘ relatively flat, thus indicating that a 
considerable amount of‘ time would be taken to 
reach the desired pressure if pressure reduction 
continued at‘ the then rate; It will be noted, 
however, that interconnection with the other ' 
chamber causes a material steepening of curve 
at-this point, and‘ thus makes use Of thepoten 
tial" energy of the vacuum in the‘ chamber in 
which" the‘ cooling has been completed to effect 
pressure-reduction in-theother cooling chamber. 
When the'pres'surei'n the two'chambers is equal 
ized» as is indicated in Figure 4 by the crossing 
of the two‘v curves, the valve 36 and one of the 
valves IT are-closed so as to- permit further re 
duction of vapor pressure in the then‘ “cooling” 
chamber. 
Another important advantage of the present 

system is achieved by the'iact that two separate 
pumping systems are provided, one speci?cally 
designed‘ for evacuating the air and‘the other 
for evacuating vapor. It will be realized that 
if‘v only‘ the vapor pump- H! were provided, the 
system“ could operatebut that the rate at which 
air‘ could be evacuated: from‘ either‘ of“ thecham 
‘bers‘ It: would be limited to the capacity of- the 
?nal stage pump 5l~?. Thus, a system which‘ com 
prised only the vapor pump I 8 and the condenser 
system. illustrated in Figure 3 would require a 
considerable period of time to- exhaust the- air 
from“- the‘ chamber prior to- the portion of‘ the 
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cycle: which. reduces: the: water vaporfpress'ure. 
This substantial amountfofti'me could-be avoided, 
of'course, by employing a large capacity‘ air-‘pump 
in place of the relatively small ‘capacity pump 
51 used‘ in the present system, but a system em 
ploying a large air pump continuously through 
out: the cycle would require an inordinately large 
amount of steam during the portion of’ the cycle 
in- which: substantially pure vapor‘ is being ex 
hausted from the chamber. Thus, the present 
system in which two diiferent sizes and designs 
of’ pump are employed successively in evacuating 
the chambers is much more ef?cient than a single 
pump system. 

It will’ be realized‘, of course, that the- number 
of chambers employed may be multiplied‘ beyond 
the two- illustrated herein to further increase 
the ef?'ciency of the pumping system. The in 
crease of ‘efficiency is due. in part to the fact‘ that 
the demands on the steam plant is‘ relatively 
constant, the load being shifted successively 
from one chamber to the other, thus to obviate 
intermediate shutdown periods when no steam 
is required. Such intermittent demand systems 
are inefficient because of the necessity of peri 
odically reducing the boiler ?re or, alternatively, 
providing for storage of substantial quantities of 
steam under relatively high pressures. 
While the system and method illustrated and 

described herein is fully capable of achieving the 
objects and providing the advantages hereinbe 
tore stated, it will be‘realized that considerable 
modi?cation is possible without departing‘ from 
the‘ spirit of‘ the invention. For this reason, We 
do not mean to be limited to the form shown 
and described, but rather to the scope of the 
appended claims. 
we claim: 
1. In a vacuum refrigeration system of the 

class described: a plurality of enclosed chambers 
each having an opening whereby produce may 
be loaded into said chamber and a hermetically 
scalable closure for said opening; a steam ejector 
air pump having a plurality of intake conduits, 
one connected to each of said chambers and an 
exhaust to atmosphere; a second steam ejector 
pump having a Venturi throat designed and 
adapted to pump Water vapor and exhaust the 
same into a condenser, said ejector pump having 
a plurality of intake conduits, one connected to 
each of said chambers; a condenser having a con 
densation chamber connected to‘ receive the dis 
charge from ‘said ejector pump‘, cooling‘ water in 
take means for said condensation chamber, cool. 

' ing water and‘ condensate discharge means, and 
means to reduce the total pressure in said con 
densation‘ chamber; and valves in said. intake 
conduits to selectively close the’ same whereby to 
sequentially connect said air pump‘ and said 
ejector pump to said chambers to ?rst evacuate 
a substantial proportion. of air from a given 
chamber and thereafter reduce the pressure of 
vapor in said‘ given chamber evaporated from 

_ produce therein. ‘ ~ 

2. In a vacuum refrigeration system of the 
class described: an enclosed chamber of hermetic 
construction‘ adapted to withstand external pres 
sure, said chamber having an opening through 
which produce may be loaded into said chamber 
and a hermetically scalable closure for said open 
ing; a steam ejector pump having a Venturi 
throat with a steam nozzle aligned therewith, de 
signed and arrangedto pump air and exhaust the 
same into- atmosphere, said pump having an in 

"- take conduit connected to said chamber whereby 
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.to exhaust air from the same; a second steam 
ejector pump having a Venturi throat with a 
.steam nozzle aligned therewith, designed and 
arranged to pump water vapor and exhaust the 
same into a condenser, said second pump having 
an intake conduit connected to said chamber; a 
condenser having a condensation chamber con 
nected to receive the discharge from said second 
pump, cooling water intake means and cooling 
water and condensate discharge means for said 
condensation chamber; a second stage steam 
ejector vapor-air pump having its intake con 
nected to said condensation chamber whereby to 
reduce the total pressure therein; and valves in 
said ?rst intake conduits whereby to effect se 
quential operation of said ?rst and second pump 
to ?rst evacuate a substantial proportion of air 
from said chamber and thereafter reduce the 
pressure of vapor evaporated from produce in 
said chamber. 

3. In a vacuum refrigeration system of the 
class described: a plurality of enclosed chambers 
each having an opening through which produce 
may be loaded into said chamber, and a hermet 
ically sealable closure for said opening; an air 
pump having a plurality of intake conduits, one 
connected to each of said chambers; an ejector 
pump having a venturi and steam nozzle therein 
designed and arranged to pump water vapor and 
exhaust the same into a condenser, said ejector 
pump having a plurality of intake conduits, one 
connected to each of said chambers; a condenser 
having a condensation chamber connected to re 
ceive the discharge from said second pump, 
cooling water intake means and cooling water 
and condensate discharge means for said con 
densation chamber; a second stage steam ejector 
vapor-air pump having its intake connected to 
said condensation chamber whereby to reduce the 
total pressure therein; valves in said ?rst intake 
conduits whereby to effect sequential operation 
of said ?rst and second pump to ?rst evacuate a 
substantial proportion of air from said chamber 
and thereafter reduce the pressure of vapor 
evaporated from said produce in said chamber; 
and a conduit having a control valve therein 
connected between said chambers whereby se 
lectively to bleed one of said chambers into the 
other to equalize the pressures therein. 

4. In a vacuum refrigeration system of the 
class described: a plurality of enclosed chambers, 
each hermetically constructed and adapted to 
withstand external pressure, and each having 
an opening through which produce may be loaded 
into said chamber and a hermetically sealable 
closure for said opening; ?rst and second mani 
folds each interconnecting said chambers; a bleed 
conduit interconnecting said chambers; a ?rst 
steam ejector pump having a venturi throat, de 
signed and arranged to pump air and exhaust the 
same in-to atmosphere, said ?rst pump having its 
intake connected to said ?rst manifold; a second 
steam ejector pump having a Venturi throat, de 
signed and arranged to pump water vapor and 
exhaust the same into a condenser, said second 
pump having its intake connected to said second 
manifold; a condenser having a condensation 
chamber connected to receive the discharge from 
said second pump, cooling water intake means for 
said condensation chamber, and cooling water 
and condensate discharge means; a second stage 
steam ejector pump having its intake connected 
to receive vapor from said condensation chamber 
and designed and adapted to exhaust into a sec 
ond condensation chamber; a second condensa 
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8 
tion chamber connected to receive the exhaust 
from said second stage pump and having cooling 
water intake means, and cooling water and con 
densate discharge means; a third stage pump 
having its intake connected to receive vapor from 
said second condensation chamber, said third 
stage pump being designed and arranged to dis 
charge into atmosphere; control means including 
a plurality of valves in said ?rst conduit, one 
positioned between said ?rst pump and each of 
said chambers, a plurality of valves in said sec 
ond manifold, positioned between said second 
pump and each of said chambers, and a valve in 
said bleed conduit whereby to effect sequential 
operation of said pumps to ?rst evacuate a sub 
stantial proportion of air from a given chamber, 
thereafter reduce the pressure of vapor in said 
given chamber, and thereafter equalize the pres 
sures in said chambers. 

5. The method of precooling vegetable produce 
which comprises the steps of: placing a portion 
of said produce in a ?rst hermetically sealed en 
closure; placing a second portion of said produce 
in a second hermetically sealed enclosure; evacu 
ating a substantial proportion of the air in said 
?rst enclosure; thereafter reducing the vapor 
pressure of vapor in said ?rst enclosure; evacu 
ating a substantial proportion of the air from said 
second enclosure concurrently with said reduction 
of vapor pressure in said ?rst enclosure; there 
after interconnecting said enclosures whereby 
to further reduce the pressure in said second en 
closure while permitting an increase of pressure 
in said ?rst enclosure; disconnecting said en 
closures from each other when the pressures 
therein are equalized; thereafter continuing to 
reduce the vapor pressure in said second en 
closure; and admitting air into said ?rst en 
closure concurrently with said last-mentioned 
reduction of pressure in said second enclosure. 

6. A vacuum‘ refrigeration system comprising: 
a pair of hermetic chambers having air-tight 
doors to receive material for cooling in said 
chambers; a ?rst, a second, and a third conduit, 
each interconnected between said chambers; an 
air pump connected intermediate the ends of said 
?rst conduit and arranged to exhaust air there 
from and discharge into atmosphere; 2. pair of 
valves in said ?rst conduit, one between each of 
said chambers and said air pump; vapor ex 
hausting means including a steam ejector pump 
connected in said second conduit and arranged 
to exhaust vapor therefrom, and a condenser con 
nected to receive the discharge from said ejector 
pump; a pair Of valves in said second conduit, 
one between each of said chambers and said ejec 
tor pump; and a valve in said third conduit oper 
able independently of said ?rst and second con 
duit valves to bleed one of said chambers into 
the other. 

7. A vacuum refrigeration system comprising: 
a pair of hermetic chambers having air-tight 
doors to receive material for cooling in said cham 
bers; a conduit system having a plurality of pas 
sageways interconnected between said chambers; 
an air pump connected to said conduit system 
to exhaust air therefrom and discharge the same 
to atmosphere; ?rst valve means in said conduit 
system to communicate said air pump selectively 
with one or the other of said chambers; vapor 
exhausting means including a second pump con 
nected to said conduit system to exhaust vapor 
therefrom; second valve means in said conduit 
system operable independently of said ?rst valve 
means to communicate said second pump selec 
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ti'vely with one or the other off said chambers; 
a common‘power source connected ,to bothsaid 
pumps to operate ‘the same; and third valve 
means in said conduit system operable independ 
ently ofsaid ?rst and second valvemeans selec 
tively to ‘interc'ommunicate or separate ‘said 
chambers. 

8. .A vacuum refrigeration system comprising: 
a pair of hermetic chambers having air-tight 
doors to receive material for cooling in said cham 
bers; a conduit system having a plurality of pas 
sageways interconnected between said chambers; 
an air pump connected to said conduit system to 
exhaust ‘air therefrom and discharge the same to 
atmosphere‘; a ?rst pair of Valves in said conduit 
system, one between each'of said chambers and 
said air pump; vapor exhausting means including 
a ‘steam ejector pump connected in said conduit 
system and arranged to exhaust vapor therefrom 
and a condenser connected to receive the dis 
charge from said ejector pump; a second pair of 
valves insaid conduit system, one between eachof 
said chambers and said ejector pump; and-a third 
Valve in said conduit system operable independ 
ently of said ?rst and second valve pairsto bleed 
one of said chambersinto the other. 

9. A vacuum refrigeration system comprising: 
a pair of hermetic chambers having air-tight 
doors to receive material for cooling in said 
chambers; a ?rst, a second, and a third conduit 
interconnected between said chambers; an air 
pump connected intermediate the ends of said 
?rst conduit and arranged to exhaust air there 
from and discharge into atmosphere; a pair of 
valves in said ?rst conduit, one between each of 
said chambers and said air pump; vapor exhaust 
ing means including a second pump connected 
in said second conduit and arranged to exhaust 
vapor therefrom; a pair of valves in said second 
conduit, one between each of said chambers and 
said second pump; a common power source con 
nected to both of said pumps to operate the same; 
and a valve in said third conduit operable inde 
pendently of said ?rst and second conduit valves 
to bleed one of said chambers into the other. 

10. A vacuum refrigeration system comprising: 
a pair of hermetic chambers having air-tight 
doors to receive material for cooling in said 
chambers; a ?rst, a second, and a third conduit 
interconnected between said chambers; an air 
pump connected intermediate the ends of said 
?rst conduit and arranged to exhaust air there 
from and discharge into atmosphere; valve 
means in said ?rst conduit to selectively block 
off one or the other of said chambers from said 
air pump; vapor exhausting means including a 
steam ejector pump connected in said second 
conduit and arranged to exhaust vapor there 
from, and a ‘condenser connected to receive the 
discharge from said ejector pump; valve means 
in said second conduit arranged to selectively 
block off one or the other of said chambers from 
said steam ejector pump; and a valve in said third 
conduit operable independently of said ?rst and 
second conduit valve means to bleed one of said 
chambers into the other. 

11. A vacuum refrigeration system comprising: 
a pair of hermetic chambers having air-tight 
doors to receive material for cooling in said 
chambers; a ?rst, a second, and a third conduit 
interconnected between said chambers; an air 
pump connected intermediate the ends of said 
?rst conduit and arranged to exhaust air there 
from and discharge into atmosphere; valve 
means in said ?rst conduit to selectively block 
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off one ‘or the other of said ~chan'ribersfromsaid 
air pump; vapor exhausting means including .a 
second pump connected in said second conduit 
and arranged to- exhaust vapor therefrom, a com 
mon power source connected to both of said 
pumps to operate .thesame; valve meansin said 
second conduit arranged to selectively block off 
one or the other of said chambers ‘fromsaidisec 
ond pump; and a valve in said third conduit oper 
able i'ndependently of said ?rst and second “con 
duit valves ‘to bl'eedone of said chambers into the 
other. 

12. A vacuum refrigeration system comprising; 
a pair of hermetic chambers having air-tight 
doors to receive material .for cooling in said 
chambers; a ?rst, a.second,.-and a third conduit 
each interconnected between said chambers; -a 
steam powered air pump connected intermediate 
the ends of said ?rst conduit and. arranged to 
exhaustair therefrom and. dischargeinto atmos- - 
phere'; valve means in'said ?rst conduit arranged 
to selectively block off one or the otherof said 
chambers from said air pump; steam powered 
vapor vexhausting means connected in said-second 
conduit and arranged .to exhaust vapor there 
from; valve means in said second conduit 
arranged to selectively block on one or the other 
of said chambers from said vapor exhausting 
means; and a valve in said third conduit operable 
independently of said ?rst and second conduit 
valve means to bleed one of said chambers into 
the other. 

13. In a vacuum refrigeration system of the 
class described: an enclosed chamber of hermetic 
construction adapted to withstand external pres 
sure, said chamber having an opening through 
which produce may be loaded into said chamber 
and a hermetically scalable closure for said open 
ing; a steam ejector pump having a Venturi 
throat with a steam nozzle aligned therewith, 
designed and arranged to pump air and exhaust 
the same into atmosphere, said pump having an 
intake conduit connected to said chamber 
whereby to exhaust air from the same; vapor 
removing means including a second steam ejector 
pump connected by an intake conduit to said 
chamber; a condenser to receive the discharge of 
said second pump, and means to reduce the total 
pressure in said condenser; and valves in said 
pump intake conduits to effect sequential opera 
tion of said ?rst and second pumps to ?rst evacu 
ate a substantial proportion of air from said 
chamber and thereafter reduce the pressure of 
vapor evaporated from produce in said chamber. 

14. In a vacuum refrigeration system of the 
class described: an enclosed chamber of her 
metic construction adapted to withstand external 
pressure, said chamber having an opening 
through which produce may be loaded into said 
chamber and a hermetically sealable closure for 
said opening; a steam powered air pump arranged 
to exhaust into atmosphere, said pump having an 
intake conduit connected to said chamber where 
by to exhaust air from the same into atmosphere; 
vapor removing means including a second steam 
powered vapor pump connected by an intake 
conduit to said chamber, a condenser to receive 
the discharge of said second pump, and means 
to reduce the total pressure in said condenser; 
and valves in said pump intake conduits to effect 
sequential operation of said ?rst and second 
pumps to ?rst evacuate a substantial proportion 
of air from said chamber and thereafter reduce 
the pressure of vapor evaporated from produce 
in said chamber. 
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15. The method of continuously cooling moist" ' 
produce which comprises the steps of: loading 
successive batches of produce alternately into 
one or the other of two hermetically sealed en 
closures, and after each loading closing and sub 
jecting the loaded enclosure to repetitive cycles, 
each consisting of the sequential steps of evacu 
ating a substantial proportion of air therefrom, 
reducing the vapor pressure therein to a pre 
determined value, connecting said enclosure to 
the other enclosure, disconnecting said enclosure 
from said other enclosure, admitting air to said 
enclosure, and opening and unloading the same; 
said cycles being performed in such alternate 
time phase relationship that one of said en 
closures is at said air evacuation stage and the 
other is at said reduced vapor pressure when 
said enclosures are connected together, whereby 
to bleed the former enclosure into the latter. 

16. The method of continuously cooling moist 
produce which comprises the steps of : loading 
successive batches of produce alternately into 
one or the other of two hermetically sealed en 
closures, and after each loading closing and sub 
jecting the loaded enclosure to repetitive cycles, 
each consisting of the sequential steps of evacu 
ating a substantial proportion of air and vapor 
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therefrom, to reduce the vapor pressure therein 
to a predetermined value, connecting said en 
closure to the other enclosure, disconnecting said 
enclosure from said other enclosure, admitting 
air to said enclosure, and opening and unloading 
the same; said cycles being performed in such 
alternate time phase relationship that one of 
said enclosures is at said reduced vapor pressure 
and the other enclosure is loaded closed and at 
a pressure substantially greater than said value 
when said enclosures are connected together, 
whereby to bleed the latter enclosure into the 
former. 

MELVILLE W. BEARDSLEY. 
REX L. BRUNSING. 
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