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This invention relates to a heat exchange sys 

tem and more especially to a. cooling system which ' 
is particularly suitable for air conditioning a 
motor vehicle. > 

The principal object of the invention is a cool 
ing system of simple construction, having a mini 
mum of moving parts, which is comparatively 
cheap to make, easily installed in a limited space, 
and which will require a'minlmum of attention. 
A more speci?c object of the invention is a 

cooling system of a kind in which a jet of re 
frigerant vapor through an injector lowers the 
pressure above the refrigerant in an evaporator, 
thereby evaporating the refrigerant therein at a 
lowered temperature. 
Another object of the invention is a cooling 

system in which heat for vaporizing refrigerant to 
produce vapor under pressure for the injector is 
obtained from the engine cooling water of the 
vehicle. 
A still further object of the invention is a means 

whereby the evaporator may be arranged to work 
as a heat radiator in cold weather. 
The above and other objects or" the invention 

will be ‘apparent as the description proceeds. 
According to the invention, a refrigerant liquid 

is vaporized in a boiler, and passes thence 
through an injector to a condenser, the injector 
having a suction line through which the vapor 

_ jet of the injector draws ‘a vacuum above the 
refrigerant liquid in an evaporator if cooling is 
required, thereby evaporating the'refrigerant in 
said evaporator and lowering its temperature. 
If heating is required, some of the vapor from 
the boiler is passed through the refrigerant liquid 
in the evaporator to heat it, the injector drawing 
condensed vapor from the evaporator instead of 
refrigerant vapor. Air blown through the 
evaporator can accordingly be cooled or heated 
to be used for cooling or heating purposes. 
The drawings show the application of the in 

vention to a motor vehicle for cooling or heating 
the air therein as may be desired. 
In the drawings 
Figure 1 shows the system associated with the 

engine under the hood of a conventional auto 
mobile. - - 

Figure 2 is an enlarged sectional view of the 
part of Figure 1. 

Referring more particularly to Figure 1, a con 
ventional water cooled internal combustion en 
gine i , disposed under the hood 2 at the front end 
of an automobile (not otherwise shown), fur 
nishes the power for driving the automobile. In 
cluded in the engine water cooling system is a 
conventional radiator 3, and a fan ldriven, by 
the engine, for drawing air through the core of 
the radiator. ' 

From the bottom of the radiator 3, water passes 
through a pipe 1 to the engine water jacket and 
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cooling passages (not shown), where it takes up 
heat from the engine. The heated water from'the 
engine is carried through a pipe 9 to a boiler it) 
in which there are water tubes il surrounded by 
a refrigerant liquid; From the boiler it the water 
is returned by a pipe it to the uppermost part 
of the radiator 3 to be cooled. Thermo-siphon 
circulation of the water may be augmented in 
the conventional way by an engine water‘pump 
(not shown). 
The hot water circulated through the boiler 

evaporates the refrigerant at a vapor pressure 
* which is that of the refrigerant at the particu 
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lar temperature to which it is heated, and in the 
process, the latent heat of evaporation of- the 
refrigerant abstracts a considerable amount of 
heat from the engine water cooling system, re 
ducing the‘ heat therein and thereby reducing 
the capacity for cooling which would otherwise 
be required of the engine water coolingsystem. 
The high pressure refrigerant vapor from the 

boiler is conducted through a pipe it to an in 
jector 2!] of well known principle so arranged 
that the energy of the. vapor jet therethrough 
draws a high vacuum in a suction line 22 and, 
when cooling is required, in the space above the 
level of refrigerant liquid in the pipe 23 of the 
core of a conventional heat exchanger constitut 
ing an evaporator 24, to which the suction line 
22 is connected. The reduced pressure on the re 
frigerant liquid in the evaporator causes it to 
boil at a temperature lower than that of the 
boiler or the‘ atmosphere, so that air blown 
through thecore of the evaporator by an electric 
fan 25 is cooled, and can be used to cool the oc 
cupants of the vehicle, ' 
The jet of vapor through the injector recom 

presses the vapor from both the evaporator and 
the boiler in forcing it through a pipe 26 to a 
heat exchanger constituting a condenser 28, with 
the result that the temperature in the condenser 
is higher than that of the evaporator or atmos 
phere, and the condenser is enabled to dissipate 
its heat load to the atmosphere. As shown, the 
condenser 28 is in front of the engine radiator 3 
where it is cooled by air drawn through the cores 
of both the condenser and the engine radiator 
by the fan 4, and by impact when the vehicle is 
in motion. 
From the condenser the refrigerant liquid may 

be returned to the boiler by any suitable means, 
_ but as shown this is preferably an automatic de 
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vice consisting of a sealed tank 33 (the details of 
which are shown in Figure 2)‘ between the bot— 
tom of the condenser 28'and the boiler It, and 
provided with an inlet 35 for liquid refrigerant 
from thecondenser, an outlet 39 for vapor to the 
condenser, an inlet 43 for vapor from the boiler, 
and an outlet 41 for liquid refrigerant to the 
boiler; said inlets and outlets being respectively 
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provided with valves 36, 46, 44 and 48, resiliently 
closed by springs 31, 4|, 45, and 49, respectively. 
Fulcrumed at 52 within the tank 33, is ‘a. valve 

operating lever 54, ‘which is adapted in one po 
sition concurrently to open the valves 36 and 40, 
and in another position concurrently to open the 
valves 44 and 48. 
The lever 54 is resiliently urged towards one 

position or the other by a helical spring 56 which, 
with the lever 54, constitutes an "over center” 
toggle; the spring 56 being guided by a rod 58 
pivoted at 59 within the tank and extending 
through the eye of a swivel 60 on the lever 53. 
The toggle 54, 56 is moved over center by one 

or the other of the arms 62, 33 of a lever 65, ful 
crumed at 52, and forming one link of another 
“over center” toggle of which the other link is a 
helical spring 61 guided by.a rod 63 pivoted at 43 
within the tank, and extending through the eye 
of a swivel ‘l0 on the lever 65. 
The toggle 65, 61 is moved over center in one 

direction or the other by one or the other of the 
collars 12, 13 at the opposite ends of a link 14 ex 
tending through a hole 15 in the end of the lever 
65 and pivotally connected at 11. to a ?oat 86. 
The arrangement is such that when the level 

of liquid refrigerant in the tank 33, and hence 
the ?oat, is low, the valves 36 and 40 areopen as 
'shown, so that liquid refrigerant from the con 
denser 28 runs into the tank through the inlet 
35 as vapor above the liquid in the-tank is vented 
to the condenser through the outlet 39; as the 
liquid level in the tank rises and the ?oat reaches 
a predetermined height, the valves 36 and 40 are 
closed andthe valves 44 and 48 are opened so 
that boiler vapor pressure is admitted through 
the inlet 43 and liquid refrigerant ?ows from the 
tank 33 through the outlet 41 to the boiler Hi. 

It will be appreciated that the liquid refrig 
erant ?ows by gravity from the condenser into 
the tank 33 in the ?rst part of the cycle, and 
thence, in the second part of the cycle, into the 
vboiler Hi When suiiicient vapor therefrom has 
passed intov the tank 33 to establish boiler pres 
sure and temperature therein, and that there 
fore the liquid level in the boiler may be governed 
by the relative height of the tank 33. 
The tank 33 is preferably constructed of thin 

spun metal for rapid heat dissipation s‘othat the 
refrigerating liquid is not vaporized as it enters 
the tank. 
The spring 4| of the vent valve 40 being strong 

er than the spring 31 of the liquid refrigerant in 
let valve 36, the latter will function as a safety 
valve during the periods in which the valves 44 
and 48 are opened by the valve operating lever 
54 and the valves 40 and 36 are normally closed. 
The valve 36 then limits the maximum pressure 
in the boiler by openingwhen the boiler pres 
sure through valve 44 is su?iicent to overcome 
the pressure of the spring 37 and permitting 
liquid refrigerant to be forced back through pipe 
35 into the condenser. > 
The refrigerant liquid in the evaporator 24 is 

maintained at the required level by means of a 
?oat valve 83 actuated by a ?oat 84 in a ?oat 
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chamber 85, the lower part of which is connected - 
to-the lower part of the evaporator by a pipe 86; 
the ?oat chamber being subjected to the same 
vacuumas the evaporator through a pipe 81 con 
nected to the suction line 22 of the injector which 
draws refrigerant from the bottom of the con 
denser into the ?oat chamber through a pipe 88, 
whenever the liquid refrigerant in the evaporator 
24 and the float chamber 85 falls below the level 
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indicated in Figure 1 and the ?oat valve 33 is 
open. ’ 

Since all vapor in the system ?ows towards the 
condenser, any inert gases stagnate at the top of 
the condenser, from which they may be purged 
at suitable intervals by the use of engine inlet 
manifold vacuum when the engine is operating at 
small throttle openings if the vapor pressure in 
the condenser at normal operating temperatures 
is suf?ciently high, or by heating the condenser 
if the refrigerant used has too low a vapor pres 
sure for this to be done. 

~ The need for a separate vacuum pump is thus 
eliminated and the system is adapted to use re 
frigerants of low vapor pressure and very high _ 
latent heat for energy, such as water, alcohol or 
benzine, which tolerance to small leaks, permit 
ting connection of the parts by rubber hose and 
clamps, and the use of light weight, high em 
ciency cores in the evaporator and condenser. 
As shown, when, for example, alcohol having 

a vapor pressure of approximately 11 inches of 
mercury (18 inches of vacuum) is used, the sys 
tem is purged of inert gases through a pipe 34 
between the top of the condenser 28 and the en 
gine inlet manifold 9|; there being a check valve 
32 in the pipe- 90 to prevent reverse ?ow into the 
condenser/and a valve 34 which may be opened 
manually or automatically in any desired way, 
periodically to purge the system. 

In order that the system may be used for heat 
ing as an alternative cooling, the suction line. 22 
is provided with a valve 96 which can be manual 
ly closed to cut off the space above the refrig 
erant liquid in the evaporator, from the vacuum 
produced by ' the injector, while heated vapor 
from the boiler is conducted from pipe l8, through 
a manually controlled valve 91 in a pipe 98, into 
the refrigerant liquid in the evaporator ‘thereby 
raising its temperature for use as a heat radiator. 
Excess refrigerant liquid or heated vapor cooled 
and condensed by the refrigerant liquid and by 
the air to be heated which is impelled through 
the core of the evaporator by the fan 25, is with 
drawn from the evaporator by the injector vac 
uum in the ,suction line, through a small bore by 
pass pipe 99 from below the level of liquid in the 
evaporator to a point in the suction line between 
the valve 96 and the injector, thereby maintain 
ing circulation in the system. 
For higher e?iciency and a greater degree of 

cooling or heating, the energy available from the 
saturated refrigerant vapor from the boiler may 
be increased by superheating the vapor before it 
reaches the injector 20. To this end a super 
heater lOl is interposed in the vapor pipe l8 be 
tween the boiler and the injector, there being va 
por tubes I03 ‘in the superheater, which are heat 
ed by exhaust gases from the engine exhaust 
manifold I04 through a pipe I05 controlled by 
valves I06 and H11. 
The system described is to a large extent self 

regulating and requires a minimum of attention, 
the degree of cooling or heating actually ob 
tained being mainly dependent on the amount of 
air impelled through the evaporator by the fan 
25 which is controlled by a simple switch. 

I claim: 
1. In a cooling system including a boiler, an 

evaporator, and a condenser for a refrigerant, 
and an injector between the boiler and the con 
denser through which a jet of vapor from said 
boiler is passed to the'condenser, said injector 
having a suction line to said. evaporator above 
the level of liquid refrigerant therein, through 
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which a vacuum is drawn on the refrigerant liquid 
in said evaporator to lower its temperature, auto 
matic means for returning liquid refrigerant from 
the condenser to the boiler including a tank with 
an inlet for liquid refrigerant from the condenser, 
an outlet for vapor to the condenser, an inlet 
for vapor from the boiler, and an outlet for liq 
uid refrigerant to the boiler, valves for said in 
lets and outlets, said valves opening outwardly 
of said tank against the pressure of the spring 
means normally holding them closed, and means 
responsive 'to the level’ of liquid refrigerant in 
the tank for'opening the ?rst two of said valves 
while the other two valves are closed and vice 
versa, respectively to permit liquid refrigerant 
from the condenser to ?ow into the tank when 
the liquid level therein falls below a' predeter 
mined helght and to permit liquid refrigerant 
from the tank to ?ow into the boiler when the 
liquid level in‘ the tank rises above a predeter 
mined height, the spring of said outlet valve for 
vapor to the condenser being stronger than the 
spring of said inlet valve for liquid refrigerant 
from the condenser, whereby during the periods 
when the inlet, valve for vapor from the boiler 
and the outlet valve for liquid refrigerant to the 
boiler are open and-the outlet valve for vapor to 
the condenser and the inlet valve for liquid re 
frigerant from the condenser are normally closed, 
the inlet valve for liquid refrigerant from the 
condenser will function as a safety valve limiting 
the maximum pressure in the boiler by opening 
when the boiler pressure through the inlet valve 
for vapor from the boiler is sufficient to over 
come the pressure of the spring of the inlet valve 
for liquid refrigerant from the condenser, and 
permitting liquid refrigerant to be forced back 
therethroughinto the condenser. , 

- 2. In amotor vehicle driven by an engine with 
water jacket cooling passages and a radiator for 
dissipating heat from the engine cooling water 
to the atmosphere, in combination, a boiler, an 
evaporator and a condenser for refrigerant liq 
uid, and an injector through which a jet of va 
por from said boiler is passed to the condenser 
and drawsa vacuum on the refrigerant liquid in 
said evaporator to lower its temperature for cool 
ing the interior of the vehicle, said boiler being 
heated by engine cooling water heated in the 
engine wate'r .jacket and passing through the 
boiler on its way to the radiator, the heat re 
quired to be dissipated by the radiator being 
thereby reduced to the extent of the heat‘re 
moved from said engine cooling water- in heating 
and vaporizing the refrigerant inv said boiler. 

3. The combination according to claim 2 in 
which the condenser‘is before the radiator in the 
path of air forced ther'ethrough by impact when 
the vehicle is in motion, the extent to which the 
effectiveness of- the radiator is reduced ‘by this 
disposition of'the condenser being compensated 
for by the heat removed from said engine cool 
ing waterin heating and vaporizing the refrig 
erant in said boiler. 

4. In a motor vehicle driven by an engine, in 
combination, a boiler, an evaporator, and a con 
denser for refrigerant liquid, an injector through 
which a jet of vaporv from said boiler is passed 
to the condenser, said injector having a suction 
line to said evaporator above the level of liquid 
refrigerant thereinthrough which a vacuum is 
drawn on- the refrigerant liquid in said evapora 
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tor to lower its temperature for cooling the in 
terior of the vehicle, an inlet manifold for said 
engine, the pressure in said inlet manifold being 
sub-atmospheric, a tube between‘the top of the 
condenser and the inlet manifold, and valve 
means in the tube through which any inert gases 
in the refrigerant system may be periodically 
purged therefrom into the inlet manifold. 

5. In a motor vehicle driven by an engine, in 
combination, a boiler, an evaporator and a con 
denser for refrigerant liquid, an injector through 
which a jet of vapor from said boiler is passed 
to the condenser, said injector having a suction 
line to said evaporator above the level of liquid 
refrigerant therein through which a vacuum is 
drawn on the refrigerant liquid in said evapora 
tor to lower its temperature for cooling the in 
terior of the vehicle, a superheater between the 
boiler and the injector, and means whereby the 
vaporifrom the boiler is superheated by the heat 
of the engine exhaust. ' 

6. In a motor vehicle driven by an engine, in 
combination, a boiler, an evaporator and a con 
denser for refrigerant liquid, an injector through 
which a jet of vapor from said boiler is passed 
to the condenser, said injector having a suction 
line to said evaporator above‘ the level of liquid 
refrigerant therein through which a vacuum is 
drawn on the refrigerant liquid in said evapora 
tor to lower its temperature for cooling the in 
terior of the vehicle, a valve in .the suction line 
between the evaporator and the injector, a pipe 
for the ?ow of vapor from the boiler into the 
bottom of the evaporator and a valve in said 
pipe, and a bypass pipe from the evaporator be 
low the level of the liquid therein to a point in 
said suction line between the first mentioned 
valve and the injector; whereby when said ?rst 
mentioned valve is closed and said second men 
tioned valve is open, heated vapor will flow into 
the refrigerant liquid in said evaporator thereby 
raising its‘ temperature for use as a heat radia 
tor, the heated vapor condensed in said evapora 
tor being withdrawn therefrom through said by— 
?ass pipe by the injector vacuum in the suction 
he. - . 

7. In a motor vehicle driven by an engine, in 
combination, a boiler, an evaporator, and a con 
denser for refrigerant liquid,.an injector through 
which a jet of ‘vapor from said boiler is passed 
to the condenser, said injector having a suction 
line to said evaporator above the level of liquid 
refrigerant therein~ through which a vacuum is 
drawn on the refrigerant liquid in said evapora 
tor to lower its temperature for cooling the in 
terior of the vehicle, a valve in the suction line 
between the evaporator and the injector, a pipe 
for the flow of vapor from the boiler into the 
bottom of the evaporator and a valve in said pipe, 
and a bypass pipe from the evaporator below 
the level of the liquid therein to a point in said 
suction line between the ?rst mentioned valve 
and the injector; whereby when said ?rst men~ 
tioned valve is closed and said second mentioned 
valve is open, heated vapor will flow into the re 
frigerant liquid in said evaporator thereby rais 

_ ing its temperature for use as a heat radiator, 
the heated vapor condensed in said evaporator 
being withdrawn therefrom through said bypass 
pipe by the injector vacuum in the suction line, 
and means being provided for impelling .air to 
be heated through said evaporator. 

LESTER E. PERRINE. 


