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'l‘his inventlon relates in general to alr con- .. .

ditioning systems.

The primary object of my invention is to pro- -

vide a novel air conditioning system: which is

Jow in first cost and which is’ dependable a.nd

highly economical in operation.
" More specifically, it is an object of my. inven-
tion to provide an. automatically controlled air

conditioning system of the type utilizing a com- -

‘pression refrigeration system in which the out-

put of the compressor is- graduatingly varied in -

of the air withln the conditioned space at de-,

cordance .with the- pressure --or temperature o!
the evaporated refrigerant, a very flexible.con-

_trol, arrangement is. provided: which will main-
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tain the .compressor output.at: the proper: value
to carry whatever cooling load is-imposed upon
the compressor, .Hence, as many cooling. coils
as desirable may be connected to-a-single com-

. pressor,. and .the compressor operation will auto-

accordance with the cooling or conditioning load -

on the system in such manner that refrigerating
effect produced just balances the prevailing re-
quirements for refrigeration.
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In accordance with my invention, these 1esults -

are achieved by util:zing an internal combustion
engine for driving the compressor. This type of
prime mover in its present state of development
is not only very dependable and economical in
operation, but also is highly flexible in output as
its speed may easily be varied over a wide range
without serious reduction in efficiency. My in-
vention contemplates utilizing this variable speed
characteristic of an internal combustion engine

for providing a highly flexible air conditioning

system which continuously provides just the re-

matically vary to actuate :whatever cooling. coils
are in operation.

A further. object of my. mvention therefore
is' to provide a novel control system for a re-
frigeration system having:a plurality of cooling

. coils, the control system: graduatingly .control-
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quired amount of air conditioning to maintain

space conditions within proper values, and which
readily adapts itself to any change in the con-
ditioning load.

In accordance with my invention, I utlhze a
direct expansion type of cooling coil for cooling
the air being conditioned, and control the throt-
tle valve or other speed controlling .device for
the internal combustion engine in accordance
..with changes in pressure of refrigerant within
the cooling coil.. By this arrangement, the speed
of the engine is continuously modulated in a man-
ner-to just carry the cooling load upon the cool-
ing coil. While I prefer to modulate the engine
speed in accordance with changes in the. con-
_dition’ of the refrigerant in the cooling coil .or
evaporator, my invention is not limited to this

specific arrangement, but .may also be applied
by modulating the engine -speed. in accordance
with one or more conditions of the air being
conditioned.

One of the objects.of my mventmn therefore,
is to provide an air conditioning system in which
the speed of the engine or the output of the

compressor is modulated in accordance with
changes in condition of the air being conditioned
in a manner to provide just the necessary re-
frigeration éffect for maintaining the condition
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ling the compressor output in a manner to just
cariy the combined cooling loads upon-: all of
the cooling coils. .

In utilizing an internal combustion engme for
driving the compressor, provision must be made
for starting and stopping the engine. Another
object of the present invention consists of the
provision of the -engine with automatic means
for causing starting of the engine when.there
is a demand for air conditioning and for -stop-
ping the engine whenever the demand for air
conditioning disappears.. -

_As an internal combustion engine is not adapt-

‘ ed for .starting under load, it is necessary that

40

such engine be unloaded during the starting op-
eration. Another object of my invention.is to
provide a novel unloading arrangement which
unloads the engine while being started and which

.automatically throws the load upon the engine

after it has started.

A further object of. my mventmn is the pro-
vision of .an automatic device. for discontinuing_
attempts. of - the control apparatus to start . the
engine if for some reason the engine. fails to
start after a.predetermined period of time.

Another obJect is the provision of automatic
control ‘means .for stopping the engine in " the
event of fallure of the system to operate prop-
erly.

While my mventlon is concerned par’f'ruhrly

. with air conditioning systems ‘employing internal
- combustion engines, certain novel features are
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of broader application. Other objects and. ad-
vantages of my invention will appear from the

following description and the appended claims.

For a full description of my invention, refer-
ence is made to the following detailed descrip,-

65 tion and to the accompanying drawing in which
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the single figure illustrates diagrammatically one
form of my invention.
Referring to the drawing, reference character
f indicates generally an air conditioning chamber
for conditioning & space 2. The conditioning
chamber | may. take any desired form and is
shown herein. for illustrative purposes as com-
prising an L-shaped casing 3 having an inlet 4
which is connected to a re-circulated air duct §

and to a fresh air inlet duct 6. Suitable dampers |

7 and 8 are provided for controlling the pro-

portions of fresh and re-circulated air passed

. through the conditioning chamber. Within the

inlet 4 of the conditioning chamber is an-air -

filter 9 which may be of any suitable form. The
air after passing through filter 8 flows down-
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wardly through a direct expansion cooling coil - .

10 and flows from beneath said coil over a spray
pipe |1 and through a heating element 12 to a
fan (3 which is driven by a motor 14. The air
discharged from the fan {3 is conveyed by a suit-
able duct 15 back to the conditioned space 2.
Reference character 16 indicates .a by-pass
damper for by-passing & portion of the air

.around the cooling coil {0. This damper is nor--

mally kept closed where the dehumidifying load
is relatively light. In locations where the de-
humidifying load is heavy, however, this damper
may be operated for increasing the dehumidify-
ing effect of the coil 10. Suitable automatic
controls for damper 16 may be provided if de-

- sired. 'The humidifying spray 11 and the heating
element 12 are intended for winter operation.
It will be understood, however, -that if desired,
the heating element {2 may be used for reheating
during summer operation.

Reference characters IT and 18 indicate suit-
able line wires which may be, for instance, 110
volts A. C. These wires are connected to a double
pole switch {9 which, in turn, is connected to line
wires 20 and 21. The line wire 20 is connected
to a wire 22 having interposed therein a manual

. switch 23. This wire is connected to a wire 24
leading to the fan motor. Also connected to the
fan motor is a wire 25, this wire being connected
to a wire 26 which, in turn, connects to the line
wire 21. When the switches 19 and 23 are closed,
the fan motor 14 is energized for causing a flow
of air through the conditioning chamber and to
the space being conditioned.” During normal
operation of the system, the switches 19 and 23
are kept closed and hence the fan motor {4
operates.continuously.

Reference character 21 indicates a liguid re-‘

frigerant line leading to the cooling coil or evap-
orator i0. Interposed in this conduit is a sole-
noid valve 28 for controlling the flow of refrig-
erant to said cooling coil. Reference character
29 indicates a suitable expansion valve of known

form which acts to reduce the pressure of the:

refrigerant entering the cooling coil 10. This
expansion valve if desired may be of the thermo-
static type having a control bulb 30 which is
attached to the discharge or suction line 31 which
conveys evaporated refrigerant from the cooling
coil.

The solenoid valve 28 is caused to open and
close by means of a thermostat 32 which is lo-
cated within the conditioned space 2. This ther-
mostat may be of any suitable form and is shown
herein as comprising & circular bimetallic ele-
ment 33 which carries a switch blade 34 cooper-
ating with a contact 35. When the space tem-
perature is below a predetermined value, the
bimetallic element will cause the switch blade 34
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.ranged to utilize natural gas as a fuel.

2,286,316

to be separated from contact 35. Upon an in-
crease in temperature to a predetermined value,
however, the switch arm 84 will be caused to
engage contact 35. Reference character 38 indi-
cates a step-down transformer, the primary 3817

-of which is connected to the wires 22 and 26

thereby causing the transformer to be energized
whenever the fan motor t4 is running. The sec-
ondary 38 of the transformer 36 has one terminal
connected to the contact 3% by a wire 39, the
other terminal of said secondary being connected
to the solenoid valve 28 by a wire 40." The other
terminal of the solenoid valve 28 is connected
to the bimetallic element of the room thermo-
stat by a wire 41. By this arrangement, when
the space temperature is low, the switch blade
34 of the thermostat is disengaged from contact
35, this causing the solenoid valve 28 to be de-
energized thereby causing said valve to remain
closed for preventing flow of liquid refrigerant
into the cooling coil 10. When, however, the
space temperature becomes too high, the ther-
mostat 32 will cause energization of the valve
28 thereby causing said valve to open for per-
mitting flow of refrigerant into the cooling coil.

Reference character g indicates a second con-
ditioning chamber for conditioning a space 2a.
The conditioning chamber {a may be of the same
type as the chamber | and may be provided with
a solenoid valve 28a corresponding to the valve
28 of chamber I. The valve 28a, in turn, is con-
trolled by means of a thermostat 32a which is
responsive to the temperature within the space
2a. This thermostat may, likewise, control the
solenoid valve 28¢ in a manner to prevent flow
of refrigerant into the cooling coil when the
space temperature is low and to permit a flow
of refrigerant into the cooling coil when the space
temperature rises to a predetermined value.

The cooling coils of the conditioning chambers
i and la are actuated by a common condensing
unit, this unit consisting of a compressor 45 and
& condenser 46. The discharge of the compressor
45 is connected to an oil separator 41 by means
of a conduit 48, the outlet of said oil separator
being connected by a conduit 49 to the refrig-
erant inlet of the condenser 46. The refrigerant.
outlet of the condenser 46 is connected to a pipe
50 which leads to a T fitting 51 to which is at-
tached the liquid refrigerant line 21 leading to
the cooling coil 10, and the liquid refrigerant line
21a which leads to the cooling coil located within
the chamber la.. The outlet or suction line 3f
of the cooling coil 10 is connected to a T fitting
52 and the suction line 3la which leads from the
cooling coil within chamber fa is also connected
to said fitting. - The T fitting- 52, in turn, is con-
nected to a main suction line 53 which is con-
nected to the suction side of the compressor 45.
From the description thus far, it will be apparent
that the compressor 45 causes chilling of the
cooling coils in both chambers | and {e and that
the refrigerant flowing into each of said cooling
coils is controlling by means of a thermostat
responsive to the temperature of the space cooled
by the respective cooling coil.

The compressor 45 is driven by means of an
internal combustion engine generally indicated
as 55. This internal combustion engine may be
of any suitable type and is-shown herein as ar-
. The
engine 55 is provided with a usual intake mani-
fold 56 to which is attached a -carburetor 57,
this carburetor being connected to a fuel sup-
ply pipe 58 in which is interposed a suitable
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pressure ‘reducing valve 59 The carburetor ‘57

i$-also provided with an ‘air intake pipe 60 upon -

which ‘may be mounted an air filter 61. The
motor 55 is also provided with the usual electric
generator 62 and with a starting motor 63. -

. Reference character 64 indicates a power shaft
‘which is-driven.by the engine 5S..
upon -the shaft 64 is a pulley 65 which drives
through the medium of belts 67 a pulley 68 which
is mounted upon the crank shaft of the com-
pressor 45, ' By this arrangement, it will be ap-
parent that the internal combustion engine 58
drives the compressor 48. Also mounted upon
the shaft 64 is a pulley:69, this pulley cooperat-
ing with belts 718 to drive a pulley 7{ which, in
turn, drives a wate ‘circulating pump 72. The
~ purpose of pump 1 will become apparent as this

description ‘proceeds.

Referring again to the engine 5§, this is cooled
by means of & tank 13 which may be open at
its upper end, tank ' containing- coil T4
through which’ coollng water may be circulated.

The water jacket outlet of the engine i5 con--

nécted to the upper end of the tank 73 by means
.of a conduit 15, while the watér jacket inlet
of the engine is connected to the bottom of the
tank by a conduit 76." By this arrangement, the
usual * water circulating ‘pump of the engine
causes circulation of water from the engine into
the top of the tank and from the bottom of the
tank back to the engine. It will be understood
that cooling water is circulated through coil 14

- thereby causing the jacket water to be-cooled

while fiowing through tank 13:
The purpose of the pump 12 which is driven
by the engine, as. previously described, is for

Mounteéd

10
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causing circulation of cooling water through the

condenser for condensing the refrigerant within
said condenser. For this purpose the intake of
the pump 12 is connected to a conduit 80 which
may lead from any suitable source of cooling
water, such for instance as & cooling tower which
may be located upon the roof of the building

40

being air conditioned. The discharge of the .

pump T2 is connected to .a conduit 81 which
leads to the cooling water inlet of the condenser
46. The cooling water outlet of the condenser
46 is connected to a -pipe.82 which leads back
to the cooling tower. By driving the circulat-
. ing pump for the cooling water by the same
prime mover ‘which drives the compressor, the
supply of cooling water to the condenser is auto-
matically varied in accordance with the require-
ments for cooling water. Thus, when the com-
- pressor is operating at low speed, a relatively
small amount of cooling water is needed for
condensing the compressed refrigerant. At this
time, the circulating pump will be operating also
at low speed and hence only such relatively small
quantity of cooling water ‘will'be supplied. -As
‘the compressor speed increases, more cooling

water is required. At this time, however, the

pump speed will also have increased and hence
the supply of cooling water to the condenser
will be increased. This arrangement, therefore,
automatically varies the supply of cooling water
in-accordance with variatxons in operation of
the system.

In accordance w1th my invention, I utilize the
cooling water from the cooling tower for also
cooling the compressor 45 and the internal com-
bustion engine 55.  In order to cool the com-
pressor, a pipe 83 is connected into conduit 82,
this piné conveying water to the inlet of the

compressor water jacket. The outlet of the com-

45
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pressor water jacket is connected by a. pipe 84
to the conduit 82.- Interposed-in- the ‘conduit
82 between the connections ‘with' pipes’ 83 and
84 is a spring loaded reducing-valve 88."

purpose of -this valve is-to interpose’ sufnclent
resistance to the flow of Water through the:con~
duit 82 such as will cause a flow of a portion of
the water through the compressor jacket.: Lo-
cated in the pipe 83 is a'control valve 83d. ' By
adjusting this valve, the flow of cooling water

‘through the compressor jacket may be regula.ted

In order ‘to cool the internal combustion en- '

.gine 55, a pipe 86 is connected into ‘the water

conduit 8(, this- pipe 86 conveying cold water -
from the cooling tower:to ‘the inlet: of the cool-
ing coll 74 which is located within the cooling
tank 73 for the engine 5%. 'The -outlet of this
cooling coil 14 is connected by a pipe 87 to- the
conduit 82. Due to the resistance offered by the
reducing valve 88, it will be apparent that water
will be forced from the pipe 81 through the cool-
ing coil 14 to the pipe 82. Interposed in the
conduit 86 is & control valve 86z by which the
flow of cooling water through the cooling coil
14 may be controlled.

Interposed ‘between ‘the conduits 81 and 02
is a by-pass 89 having located therein a valve
80. The purpose of this by-pass is to permit a
portion of the cooling water from the cooling.
tower to by-pass the condenser and the cooling
coil 14, thereby flowing directly back to the
cooling tower. By this arrangement, & greater
amount of ‘cooling water can be made to flow

through the cooling tower than flows through '

the: condenser and cooling coil 74, this permit-
ting further cooling of the cooling water by the
cooling tower. The valve 90 therefore provides
a regulating means for controlling the tempera-
ture of the water leaving the cooling tower.

While I have shown the cooling tank 13- and
coil 74 for indirectly cooling the engine by the
condenser cooling water, it will be apparent that
if desired, the condenser cooling water may be
passed directly through the engine water jacket.
In localities where the water is impure, how-
ever, the arrangement which I have disclosed is
preferable.

My invention contemplates. controlling the

. speed of the engine graduatingly in accordance
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with the refrigeration load"upon the system.

" For this purpose, I prefer to control the throttle

valve of the engine in accordance with the suc-
tion or low side pressure within the’ refrigera-
tion system. In this case, this result is achieved
by the use of a suction’ pressure controller gen-
erally indicated as-81 which controls a propor-
tioning motor 92, this proportionmg motor hav-
ing an operating arm 93 which is connected by
suitable linkage to the throttle valve lever’ 84
of the carburetor 51. The proportiomng motor
92 may ‘be of any desired type and is prefera.bly
of the type shown and described in Patent No.
2,028,110 1ssued to Damel G. Taylor on January .
14, 1936.  This type of proportioning ‘motor is

adapted to be controlled by means of a potenti-

. ometer and causes its operating shaft to assume

(£

an angular position corresponding ‘to the posi-
tion of the potentiometer slider upon its' resist-
ance. Motor 92 receives its source of power
through wires 95 and 96 which are connected to

" the .secondary 97 of a step-down transformer 98.

The primary 89 of transformer 98 is connected
by wires 100 and 101 to the line wires 20 and 2i.
If desu'ed a switch 102 may be interposed in




4

winter operation of the system.

The suction pressure controller 81 comprises a
bellows 103, this bellows being fixedly secured at
its lower end and being arranged to cooperate
with the actuating arm 104 of a bell-crank lever
which is-pivoted at 109, this bell-crank lever in-
cluding a confrol arm 106 which cooperates with
a resistance 107 to form a control potentiometer.
This potentiometer is connected to the propor-
tioning motor as indicated. The interior of the
bellows $03 is connected to the suction line 53 by

a conduit 108. Upon a rise in suction pressure,

the bellows 103 will expand, this causing move-
ment of the control arm 106 to the left across
control resistance 187, this, in turn, resulting in
a follow-up movement by the proportioning mo-
tor 82 in 8 direction for opening the engine throt-
tle valve. Conversely, upon a fall in suction pres-
sure, the bellows 103 will contract under the ac-
tion of spring 109, this causing movement of the
control arm 106 in the opposite direction which
results in a follow-up movement by the propor-
tioning motor 92 in a direction to close the en-
gine throttle valve. The conirol arrangement
just described, therefore, acts to increase the flow
of fuel to the engine and hence to increase the
engine speed when the suction pressure increases,
and to decrease the engine speed when the suc-
tion pressure decreases. The controller 81 may
be so designed and adjusted as to maintain the
suction pressure at such a value that the cooling
coil temperature is lowered sufficiently to both
cool and dehumidify the air. PFor instance, as-
suming the “Freon” is used as the refrigerant,
the controller 91 may be arranged so that the
control arm 106 .engages the right-hand end of
resistance 10T when the suction pressure falls to
34 pounds per square inch, and engages the op-
posite end of -said resistance when the suction
pressure rises to 36 pounds per square inch.

My invention contemplates also the provision
of automatic means for starting the engine when
cooling is required, and for stopping the engine
when the demand for cooling disappears. My
invention also contemplates the provision of
safety controls for automatically placing the en-
gine out of operation whenever the system fails
sto function correctly. This automatic arrange-
ment for starting and stopping the engine will
now be described in detail.

Reference character 110 mdlcates a starting
relay for controlling the starting motor 63. This
relay may be of any suitable type but is prefer-
ably of the type shown and described in Patent
No. 1,773,913 issued to L. K. Loehr et al. on
August 26, 1930. This starting relay is so ar-
ranged that upon-the closing of a control circuit,
a magnetic device is energized which causes pull-
ing in of a switch in the starter,ecircuit. For
this purpose, the relay 110 is connected to a stor-
aeg battery 111 by means of a wire {12. Another
terminal of the relay is connected to the starting
motor 63 by means of a wire 113. One terminal
of the starting motor and the battery are each
grounded and hence upon the closing of the relay
switch, a circuit through the starting motor is

10
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wire 100 for deenergizing transformer 98 during‘

ing relay 110 are provided a suction pressure
controller 115, a high pressure cut-out 118, a mo-
tor temperature thermostat 117 and a thermal
cut-out 118.

Referring to the suction pressure controller
115, this controller may be of any suitable form

-and is shown herein as comprising a bellows 119

which is mounted upon a suitable fixed support
and which has the interior thereof connected by
a tube 120 to the suction line 53. The bellows
119 is arranged to actuate the pivoted mercury
switch carrier 21 which carries a mercury
switch 122, The free end of the switch carrier”
121 is connected to a spring 128 which urges said
carrier downwardly against the bhellows (19,
‘When the suction pressure rises above a prede-
termined value, the bellows (19 will expand
against the .action of spring- 123, this causing
tilting of the mercury switch 122 to closed posi-
tion. When the suction pressure falls, however,
the bellows 119 will contract under the action of
spring 123, this causing tilting of the mercury
switch (22 towards open position. The controller
115 is preferably of the type having a wide dif-
ferential and for this purpose the mercury switch
122 is illustrated as being of the bent type. As-
suming that “Freon” is used as the refrigerant,
this controller may be so designed and adjusted
that the mercury switch 122 is tilted to open po-
sition when the suction pressure falls to, for in-
stance, 25 pounds per square inch and to tilt to
closed position when the suction pressure rises to
around 40 pounds per square inch.

Referring to the high pressure cut-out 118, this
controller may be similar to the controller 1i5
and comprises a bellows {25 which is connected

to the compressor outlet pipe 49 by a tube 126.

The bellows 125 actuates through a suitable

" switch carrier a mercury switch 127, This con-
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completed. The relay 18 is also arranged to
open the starting motor circuit when the engine -

starts and is further arranged to maintain such
circuit open so long as the engine is in operation
as determined by operation of the generator 62.
For this purpose, the generator 62 is connected
to a terminal of relay 110 by a wire 114,

For controlling the control circuit of the start-

70

75

ence of a heating element 133.

troller is provided for stopping the system in the
event of failure of flow of cooling. water to. the
condenser and is arranged to cause opening of
the mercury switch 127 whenever the pressure of
the refrigerant at the compressor discharge rises
above a maximum desired value, for instance, 175
pounds per square inch (assuming that “Freon”
is used as the refrigerant).

The engine temperature responsive thermostat
117 comprises a bellows {28 which is arranged
for actuating the mercury switch 129. Bellows
128 is connected by a capillary tube 128a to a
control bulb 130 which is located in the jacket
discharge 15 of engine 55. The bulb, tube and
bellows contain a suitable volatile fluid where-
by the pressure within bellows 128 varies in ac-
cordance with changes in temperature of the
engine cooling water. So long as the cooling
water temperature is below a maximum, the
bellows 128 will remain contracted by a spring -
131 sufficiently to hold mercury switch 129 in
closed position. When, however, the engine tem-
perature exceeds a proper operating value, for
instance 175° F., the bellows 128 will expand suf-
ficiently to tilt mercury switch 128 to open posi-
tion.

The thermal cut-out (8 comprises a bimetal-
lic element 132 which is subjected to the influ-
Bimetallic ele-
ment 132 carries a contact which cooperates with
a contact (34 for forming a switch. When the
heating element 133 is unheated, the bimetallic
element 32 will assume a position in which the
contacts are closed. When, however, the ele-
ment 133 rises to a predetermined temperature,
the bimetallic element 132 will warp towards the
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left thereby dxsengagmg 1ts contact from the
contact 134. A spring clip {35 is: provided which
locks the bimetallic .element 132 away from the

contact 134 whenever said element warps. suf- -

ficiently .to cause disengagement of- its contact
from contact 134. Thus, whenever heating ele-
ment §33 is raised to:a predetermmed tempera-
ture, the bimetallic element §32 will cause open-

ing of the contacts and the contacts will-be held - -

open .until the clip 135 is manually reset.

Each of the mercury switches 122, 127 -and 129
and the thermal cut-out §18 are connected in
series for controlling the control. circuit . of :the
starting relay {18.. For this purpose,. a wire: 1317
is connected -to the -storage battery, this wire
leading, through an ammeter-138 and a manual

10

18

switeh 129 to the mercury-switch £29. ~The mer- °

cury switch 129 is, in turn; connected to mercury
switch 127 by a wire- 140 and said latter mercury
switch is connected by a wire {41 to the mercury
switch §22, this mercury switch, in turn,: being
connected by a wire 142 to contact 134 of the ther-
mal cut-out §{8. The bimetallic element 132 of
the thermal cut-out {8 is connected by a wire
{43 to the control terminal {84 of the starting
relay 116. The wire {43 is alsc connected to
an ignition coil 145 by means of wire [46.

. In normal operation of the system, the mer-
cury-switches §29 and 127, and the thermal reldy
118 will remain in circuit closing position. There-
fore, when the suction pressure in conduit 33
rises -sufficiently to .cause making of mercury
switch 122, the circuit from the battery through
each of the mercury switches and the thermal
cut-out will be- completed, this causing. ener-
_gization of the ignition coil 145 for the engine,;
and also causing energization of the control cir-
cuit for .starting relay $10. . This, in turn, will
"cause operation of the starting motor for start-
ing. the-engine, and when the engine is started,
the relay 116 will automatically deenergize the

- starting motor.
under- the.:control of- the suction pressure con-
troller 94 until such time as the suction pressure

in line .53 may. fall sufficiently for causing con-

troller (15 to open mercury:switch 122. - This
will result in -deenergizing the 1gnit10n coil 145,
thereby  stopping the engine. - -

.The purpose of the starting relay. HB is to de-
energize the control circuit for the relay 160 if
for some reason the engine should fail to start
within a predetermined period of time. For this
purpose, the heating element 133 of cut-out 118
is connected by wires 147 and 148 to:the starting
motor terminal. The:heating: element 133 is,
therefore, energized whenever the starting motor

.83 is opera.ting ‘If the engine starts normally,
the starting motor and heating element will be
energized for only a short time, and hence the
heating element will not become sufficiently heat-

The motor will then operate
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ed to cause opening of the contacts. If,’however, -

the starting motor 63 should operate for a pre-
determined period of time, for instance, 30 sec-
onds without starting the engine, the heating
element 133 will reach such a temperature as to
cause bimetallic element 132 to open the con-
tacts. This will break the control circuit for
relay 410, thereby causing deenergization of the

86

starting motor and of the ignition coil. The clip

135 will then hold the contacts of the controller
§¢8 in ‘open position thereby preventing closing
of these contacts upon cooling of heating ele-
ment 133. The control arrangement just de-
scribed, therefore, acts to place the system out
of operation if the engine should fail to start

70
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In order to sta.rt the engme 55, 1t is necessary
that the compressor- loa.d be removed as internal
combustxon engines are ‘not adapted for startmg

under load. .In order to. unload the compressor
while the. engme is being started I provide an

‘automatic clutching device which will now be

described. . Reference character 150 indicates a .
clutech, operatmg lever. . This lever is arranged t0
be actuated by a diaphragm motor 154, this mo-
tor including a dlaphragm {52 attached to a stem
{53 which, in.turn, is attached to the operating
lever 158. A compression spring. 554 urges the
stem' 153 and. the diaphragm. 152 towards the
righs, this causing b1as1ng ‘of the clutch operat—
ing lever 150 in a manner to disengage the clutch,
The diaphragm 152 is located within a- suitable
housing and such housing is connected by & small
tube (55 to a fitting 156 which, in turn, is‘con-
nected- to the intake ‘manifold 56 by means"of

tube 451, Also ‘attachied to the fitting 486-is
o tube 158 to which is connected a solenoid valve
i59. ‘This solenoid valve is of the type which
opens when energized’ and which “closes: when
deenergized. One terminal of solenoid valve 159
is grounded ‘and the other terminal thereof is
connected to the starting motor terminal by
means of wires {48 and {§0. )

Assuming that the engine is at rest and the
starting motor deenergized, the solenoid valve
158 will be deenergized thereby causing it to re-
main closed. At this time, also the pressure in
the intake manifold of the engine will be equal
to atmospheric pressure, and this will permit
the diaphragm §52 to be moved by spring 154
in a direction for disengaging the clutch. When
the starting mofor is energized for starting the .
engine, the soléncid valve 159 will ‘be caused to
open. 'This will permit a flow of air "through
tubes {58 and 181, which prevents' any reduced
pressure  within the mtake manifold from. af-
fecting the diaphragm 1§2," Therefore, ‘while the
engine is being started the. clutch will ‘be - held
in disengaged position - by sprmg 154, ‘and ‘the
vacuum developed within *the’ intake mamfold
will " have no - effect. After the engine: starts,
however, the ‘starting motor is automatically de-
energized and simultaneously, the solenoid valve
159 is deenergized : thereby causing said ‘valve
to close.” ‘This will prevent flow of air into tubes
158 and §57 thereby causing the pressure ‘within
said tubes and in the housing surrounding the
left side of the diaphragm to be reduced to ‘that
prevailing within the intake mahifold. This will
cause the diaphragm 152 to be urged to the left
thereby causing rotation of lever 150 for engag-
ing the clutch. The automatic clutching mech-
anism just described, therefore, causes ‘disen-
gagement of the clutch- when the engine 'is
stopped andvcauses engagement of said clutch
when the engine has started. = '

My invention also includes an automatic chok~
ing arrangement for choking the engine during
the starting of operation. . For this purpose, a
diaphragm motor {61 is provided. This motor
is similar to but smaller than the clutch operat-
ing diaphragm motor previously described. This
diaphragm motor is arranged to actuate the
choke arm 162 of the carburetor. When the
engine is at rest, the spring of the diaphragm
motor urges said motor in a direction for rotat-
ing the choke arm (62 to choking position. After
the engine is started, the vacuum developed
within the intake manifold causes movement of
" the motor for rotating the choking arm 162 to
running  position. Preferably, the diaphragm
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motor 160 is arranged so as to cause movement
of the choke fo running position before the
clutch operating mechanism causes engagement
of the clutch. This result may be obtained by
making the spring of the choke diaphragm mo-
tor lighter in relation to diaphragm size than
the spring of the clutch operating diaphragm
motor. Also, by the use of the restrictor 155«
the exhausting of the diaphragm chamber for
the clutch operating diaphragm motor may be
restricted, thereby causing a lapse of time to
occur before engagement of the clutch, this al-
lowing the choke to be moved to running posi-
tion before the clutch engages. This restrictor

also acts to cause gradual engagement of ‘the -

clutch.
Operation

If neither of the thermostats 2 or 2¢ are call-
ing for cooling, the refrigerant valves 28 and 28¢
will be closed, this preventing flow of refrigerant
into either evaporating coil. Continued opera-
tion of the compressor after this occurs will re-
sult in pumping down the low side or suction
pressure to such a valve that the suction -pres-
sure controller 115 opens the control circuit for
the starting relay, this placing the engine out

‘of operation.

If now-should the temperature in either space
2 or 2a become excessive, the thermostat in such
space will cause opening of its respective refrig-

_erant valve. This will permit flow of refrigerant
into the cooling coil in which .such refrigerant
_evaporates for causing a cooling action. Due to
this evaporation of refrigerant within the cool-
ing coil, the suction pressure will eventually in-
crease to such a value that the suction pressure

controller 115 causes closing of the starting cir- .

cuit, thus energizing the ignition coil for the
engine and causing operation of the starting
motor. At this time, the choke will be in choking

position and the clutch will be disengaged. Dur-.

ing the operation of the starting motor, the sole-

noid valve 159 will be held open, thereby pre--

venting the slight vacuum in the engine occur-
ring during the starting operation from releasing
the choke or causing erigagement of the clutch.
When, however, the engine starts, the starting
motor is automatically deenergized and the sole-
noid valve 159 allowed to close. This closing of
the valve {59 permits the vacuum. within the
intake manifold of the engine to affect the choke
diaphragm motor for releasing the choke and
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openixig of the throttle valve. This will cause

. the engine speed to be increased thereby in-
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creasing the action of the compressor for coun-
teracting the increase in suction pressure. Con-

" versely, when the temperature of the air flowing

across the cooling coil 10 decreases, less refrig-
erant will be evaporated, this causing the suction
pressure to decrease which, in turn, results in
reducing the speed of the engine, The suction -
pressure controller 91, therefore, acts in a man-
ner to maintain a constant. suction pressure and
to vary the compressor speed in accordance with
the cooling load. )

If now should the temperature in the other
space become excessive, the other solenoid valve

" will be opened, thus permitting a flow of re-

frigerant into the other cooling coil. The evap-
oration of refrigerant in this second coil will
cause an increased amount of evaporated re-

frigerant to flow to the compressor, this resulting

in the suction pressure rising. In response to
this rise in suction pressure of the system, the

" engine speed will increase just sufficiently .to
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maintain the suction pressure substantially con--
stant. The control system which I have dis-
closed, therefore, provides for varying the en-
gine speed in accordance with the number of
cooling coils in operation, and also in accordance
with the total cooling load upon the cooling coils
in operation..

It will be apparent that when the temperatures
of both spaces fall below the settings of the re-
spective thermostats, both refrigerant valves will

" be closed thereby preventing entrance of re-
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frigerant into the cooling coils. This will pre-
vent further operation of the cooling coils there-
by preventing the system from overcooling when -
operating. Whenever both solenoid valves are.
closed, the system will automatically shut down
due to the suction pressure being pumpéd down
sufficiently low for causing controller 145 to break
the control circuit for the mtemal combustion :
engine.

- It should be noted that during opera.tion of the
system, the .speed of the water circulating pump
is varied simultaneously with change in-speed of
the compressor, this causing the supply of cool-
ing water for the system to be automatically
varied in accordance with the operation of the
system, thereby providing just the proper quan~
tity of cooling water for satisfying the require-

" ments for cooling.

then for affecting the clutch diaphragm motor .

for gradually engaging the clutch. Engagement
of the clutch will cause operation of the com-
pressor and will also cause operation of the water
circulating pump for circulating water to cool
the condenser, the compressor, and the engine.

Operation of the compressor will cause the
evaporated refrigerant to be withdrawn from the
cooling coil and compressed, this compressed re-
frigerant being condensed for return to the cool-
ing coil.

From this point, the speed of the engine will
be modulated in accordance with the cooling
load upon the compressor by means of the suc-
tion pressure controller 9¢. Thus, as the tem-
perature of the air flowing across the cooling
coil increases, an increased amount of refrig-
erant will be evaporated thereby causing the suc-
tion pressure of the refrigeration system to in-
crease. In response to this increase in suction
pressure, the controller 91 will cause operation
of the proportioning motor 92 for increasing the
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From the foregoing, it will be seen that .my
invention provides for automatically controlling
an air conditioning system utilizing an internal
combustion engine as a source of power. While.
my invention is more concerned with air con-
ditioning systems. utilizing internal combustion

" engines, certain phases of the invention are of

broader application. Also many changes which.
are within the scope of my invention will be ap-
parent to those skilled in the art. I, therefore,:
desire to be limited only by the scope of the
appended claims and the prior art.

I claim as my invention: ’

1. In an air conditioning system, in combma—
tion, an evaporator, means for causing air to be
conditioned to flow in heat exchange relation-
ship with said evaporator, a compressor con-
nected to said evaporator, an internal combus-
tion engine for driving said compressor, control
means for graduatingly varying the output of
said engine, means responsive to a load condi-
tion on the system for graduatingly actuating
said control means m & manner to vary gradu-
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atingly the output of said engine in accordance
with changes in said load condition, & control
cireuit for automatically starting and stopping
said ‘engine, automatic switching means in said
circuit for causing starting of said engine when
air conditioning is required, sutomatic clutch-
ing mechanism interposed between said internal
combustion engine and said compressor, said
automatic clutching mechanism comprising a de-
vice responsive to vacuum developed upon. opera~
tion of said engine for causing engagement of
said clutching mechanism, and means actuated
by said control circuit for preventing operation
of said vacuum responsive device until after said
engine is started. R '

2.'In an air conditioning system, in combina-
tion, an evaporator, means for causing air to be
conditioned to flow in heat exchange relation-
ship with said evaporator, a compressor con-
nected to said evaporator, an internal combus-
tion engine for driving said compressor, control
- means for graduatingly varying the output of
said engine, means responsive to a load condi-
tion on the system for graduatingly -actuating
said control means in a-manner to vary gradu-
atingly the output of said engine in accordance
which changes in said load condition, a control
eircuit for automatically starting and stopping
said engine, automatic switching means in said
circuit for causing starting of said engine when

" said load . condition, control circuit

10.

7

ship . with: said evaporator, & compressor: con-
nected to said evaporator, an internal combustion
engine for driving said compressor, control means
for graduatingly varying the ‘output of said en-
gine, means respensive to a load condition -on the -
system for graduatingly actuating’ said:‘control
means in a manner to vary graduatingly the out- .
put of said engine in accordance with changes in
, means for
automatically starting snd stopping-said engine,
switching ‘means . associated - with said ‘circuit
means for starting said éngine, means for unload-
ing said engine, and control means' for causing .

- operation of said unloading means - while said.
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engine is being started and for automatically
causing said unloading means to be placed out of
operation after said engine has started, said con-

trol means including a device controlled by said - -
control circuit and a device responsive to'a con-

dition of- the engine which varies when said
engine stops and starts.. T

6. In' an air conditioning system for & space,

N

" in combination, cooling means for said space in-
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air conditioning is ‘required, and automatic

clutching mechanism interposed between said
internal combustion engine and said compressor,
said automatic clutching mechanism comprising
8 device responsive to vacuum developed upon

operation of said engine for causing engagement

of said clutching mechanism.

3. In a system of the class described, in com-

bination, an internal combustion engine, means
driven by ‘said intérnal -combustion éengine, a

control circuit for starting and stopping said en-.

gine, gutomatic switching means in said circuit
arranged for causing starting of said engine when
said driven mheans requires engine operation, and
automatic -means’ controlled by the operation or
non-operation of said engine for unloading the
engine -during the starting operation and for
automatically loading it after the engine starts,
said last named means including a device actu-
ated by said control cireuit for preventing load-
ing of said engine until-after it-is started.

4.-In an air conditioning system, in combina-

.

cluding an evaporator in heat transfer relation- -
ship with said space, & compressor connected to
said evaporator, an internal combustion engine
connected to said compressor for driving the
same, said engine having an intake manifold,
means including a thermostat responsive to the
temperature of the space for starting said engine
when space temperature rises to a predetermined
value, unloading means for said engine to permit
the same to start while in an unloaded condition,

" and means actuated by a predetermined low in-
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take manifold pressure produced by cperation of

. the engine for rendering said unloading means
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tion, an- evaporator, means for causing air to be -
conditioned to flow in heat exchange relation- =

ship with said evaporator, & compressor con-
nected to said evaporator, an internal - combus-
tion-engine for driving said compressor, control
means for graduatingly varying the output of
said engine, means responsive to a load condition
on the system for graduatingly actuating said
control means in 8 manner to vary graduatingly

the output of said engine in accordance with -

changes in said load condition, control circuit

means for automatically starting and stopping
seid engine, switching means associated with said-

circuit means for starting said engine; means for
unloading said engine, and control means for
causing operation of said unloading means while
said engine is being started and for auto-
matically causing said unloading means to- be

placed out of operation after said ‘engine has

started. - : ; .
5. In an air conditioning system, in combina~

tion, an evaporator, means for causing air to be
conditioned to flow in heat exchange relatioq-

55

inoperative to thereby cause said engine to as-’
sume its load after starting. -~ ) -
7. In an air conditioning system for a space,
in combination, cooling means for a space in-
cluding an evaporator in heat transfer relation-
ship with said space, & compressor connected to
said evaporator, an internal combustion engine
connected to said compressor for driving the same,
said engine having a speed controller, a starting
circuit means, and an intake manifold, means
including a thermostat responsive to space tem-
perature for closing said ‘starting circuit means
to start said engine when space temperature rises
to' a predetermined value, unloading means for
permitting -said engine to start in an unloaded

" condition, means actuated by a. predetermined

low intake manifold pressure produced by opera-
tion ,of the engine for rendering said unioading
means inoperative to thereby cause said engine
to assume its load after starting, and means in-
fluenced by the pressure in sald: evaporator for

actuating sald speed controller in s manner to
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increase the engine speed upon increase in sald
pressure - while decreasing the speed upon de-
crease in said pressure.

8. In an air. conditioning assembly, & com-

' ‘pressor . having a discharge pipe for compressed
- refrigerant fluld and & suction pipe for expanded

refrigerant fluid, an internal combustion engine -
drivingly connected to said compressor, an igni-
tion circuit for said internal combustion engine,
said ignition circuit including a switch, means
responsive to a function of the operation of said
compressor for controlling said switch, a valve
in said discharge pipe, an. electromagnet holding
sald valve in open position, said electromagnet
having an operating circuit including a thermo-
stat, the construction being such that said valve .
will be held in open position by said electromags.




8

net, when the circuit is completed through the
thermostat, whereby when said thermostat moves
to open the circuit through said electromagnet
' said valve will close, altering the operation of
said compressor to operate said switch to open
said ignition circuit.

9. In an air conditioning system for a space,
in combination, cooling means for said space in-
cluding an evaporator in heat transfer relation-
ship with said space, a compressor connected to
said evaporator, an internal combustion engine

for driving said compressor, an ignition circuit
' for said engine, a speed controller for said en-
gine, pressure responsive means influenced by
the pressure in said evaporator for positioning
said controller in a manner to increase the speed
of the engine upon increase in said pressure and
to decrease the speed of the engine upon decrease
in said pressure, valve means for controlling the
flow of refrigerant info said evaporator, means
responsive to the temperature of said space for
closing said valve means when the temperature
falls to a predetermined value, and means in-
fluenced by the pressure in sdid evaporator for
opening said.-ignition circuit in response to de-
crease in pressure in said evaporator caused by
closing of said valve means.

10. In an air conditioning system, in combina-
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tion, a coolirlg coil in heat exchange relationship .

with the air to be conditioned, a compressor con-
nected to said cooling coil for withdrawing evap-
orated refrigerant therefrom and for compressing
such evaporated refrigerant, a condenser for con-
densing the compressed refrigerant, pumping
means for supplying a cooling medium to said con-
denser, a variable speed prime mover connected
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to both said compressor and said pumping means .

to thereby cause said compressor and pumping
means to operate at speeds determined by the
speed of the prime mover, and control means re-
sponsive to a load condition on the system for
varying the speed of the prime mover in accord-
ance with changes in load. '

11. In an air conditioning system for condi-
tioning a space, in combination, an evaporator.in
heat exchange relationship with said space, a
compressor connected to said evaporator for with-
drawing evaporated refrigerant therefrom, an in-

ternal combustion engine for driving said com- -

bressor, a speed controller for graduatingly vary-
ing the speed of said internal combustion engine,
means influenced by a condition of the refriger-
ant which changes upon change in load on the
evaporator for controlling said speed controller

in a manner for operating the engine at the
proper speed for carrying the-load, an ignition
circuit for said engine, a starting motor for said

engine, means including a thermostat responsive
to the temperature of the space for energizing
said ignition circuit upon rise in space tempera-
ture to a value requiring cooling, and means ener-
gized with said ignition circuit for energizing said
starting motor for starting said engine and re-
sponding to operation of said engine for deener-
gizing said starting motor.

© 12, In an air conditioning system for condi-
tioning a space, in combination, an evaporator in
heat exchange relationship with said space, &
compressor connected to said evaporator for with-

- drawing evaporated refrigerant therefrom, an in-
ternal combustion engine for driving said com-
pressor, a speed controller for graduatingly vary-
ing the speed of said internal combustion engine,
means responsive to a first condition which is in-
dicative of the load on the system for controlling
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said speed controller in a manner to graduatingly
vary the engine speed in accordance with said
load condition, an ignition circuit for the engine, .
a starting motor for the engine, means including
a device responsive to a condition of the air in
said space which is affected by said evaporator
for energizing said ignition circuit when said con-
dition varies to a value indicating that condi-
tioning of the air is desirable, and means. ener-
gized with said ignition circuit for energizing said
starting motor for starting said engine and re-
sponding to operation of said engine for deener-
gizing said starting motor. . :

13. In an air conditioning system for condi-
tioning a space, in combination, an evaporator
in heat exchange relationship with said space,
a compressor connected to said evaporator for
withdrawing evaporated refrigerant therefrom,
an internal combustion engine for driving said
compressor, a speed controller for graduatingly
varying the speed of said internal combustion
engine, means responsive to a first condition
which is indicative of the load on the system for
controlling said speed controller in a manner to
graduatingly -vary the engine speed in accordance
with said load condition, an ignition circuit for
the engine, a starting motor for said engine, un-
loading means for said engine, means including
a device responsive to a condition of the air in
said space which is affected by said evaporator for
energizing said ignition circuit when said con-
dition varies to a value indicating that condi-
tioning of the air is desirable, and means ener-
gized with said ignition circuit for controlling
said unloading means and said starting motor,
said last mentioned means responding to oper-
ation of said engine for placing said starting mo-
tor and unloading means out of operation.

14, In an air conditioning system for condi-
tioning a space, in combination, an evaporator in
heat exchange relationship with said space, a
compressor connected to said evaporator for
withdrawing evaporated refrigerant therefrom,
an internal combustion engine for driving said
compressor, an ignition circuit for the engine, a
starting motor for said engine, electrical means
for unloading said engine when energized, means

including a device responsive to a condition of
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the air in said space which is affected by said
evaporator for energizing said ignition circuit -
when said condition varies to a value indicating
that conditioning of the air is desirable, and
means energized concurrently with said ignition
circuit for energizing said unloading means and
said starting motor, said last mentioned means
responding to operation of said engine for de-
energizing said starting motor and unloading
means to place them out of operation.

15. In an air conditioning system for condi-
tioning a space, in combination, an evaporator in
heat exchange relationship with said space, a
compressor connected to said evaporator for with-
drawing evaporated refrigerant therefrom, an in-
ternal combustion engine for driving said com-
pressor, a starting motor for said engine, load-
ing and unloading means for said engine, said
loading and unloading means including electro-
maghetic means and being incapable of loading
the engine until a lapse of time following actua-
tion of said electtomagnetic means, switching
means for controlling said starting motor and
said electromagnetic means, and means respon-
sive to engine operation for positioning said
switching means in a manner to place said start-
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ing motor out of operation when the engine is
running and to cause loading of said engine.

16. In an air conditioning system for condi-
tioning a space, in combination, an evaporator in
heat exchange relationship with said space, a
compressor connected to said evaporator for with-
drawing evaporated refrigerant therefrom, an in-
ternal combustion engine for driving said com-

pressor, a starting motor for said engine, loading

and unloading means for said engine, said load-
ing and unloading means including an electro-

2
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magnetically actuated valve said valve when open

causing unloading of the engine, and being in-
capable of causing loading of the engine until a

lapse of time following closure of said valve, -

means including a device responsive to the con-
dition of the air in said space which is affected
by the evaporator for starting and stopping said
engine, and switching ineans actuated in response

to engine operation for controlling said starting :

motor and said electromagnetically actuated
valve. ) .

17. In an air conditioning system for condi-
tioning a space, in combination, an evaporator in
heat exchange relationship with said space, a
compressor connected to said evaporator for with-
drawing evaporated refrigerant therefrom, an in-

ternal combustion engine for driving said. com-

pressor, loading and unloading means for said en-
gine, said last recited means including an elec-
tro magnetically actuated valve arranged when
open to cause unloading of the engine, said valve
being incapable of causing loading of the engine
until a lapse of time following closure of said
valve; means including a device responsive to the
condition of the air in said space which is af-
fected by the evaporator for starting and stop-
ping said-engine, and switching means actuated
in response to engine operation for controlling
said electromagnetically actuated valve.

18. In an air conditioning system for condi-
tioning a space, in combination, an evaporator in
heat exchange relationship with said space, a
compressor connected to said evaporator for with-

¢érawing evaporated refrigerant therefrom, an in- .

ternal combustion engine for driving said com-
pressor, a control circuit for automatically start-
ing and stopping said engine, automatic switch-

25

20

)

<t

49

9

gine and to position said speed governing means
in its different positions, and means to deener-
gize said starter after said engine is in operation.

20. An air conditioning system -for condition-
ing a space, comprising, in combination, a condi-
tioning chamber, fan means for causing air to
flow through said chamber to said space, means
including a direct expansion cooling coil for cool-
ing the air flowing through said chamber, a com-
pressor connected to said direct expansion cool-
ing coil for withdrawing evaporated refrigerant
therefrom, an internal combustion engine for
driving said compressor and including a fuel
valve, ignition means and starting means, elec-
trical circuits in control of the ignition means
and starting means of the engine, a switch in
control of said circuits, means to render said
starting means inoperative after the engine had
been placed in operation and while said switch

_is. closed, electrical means in control of the fuel

valve of the engine energizable in a manner to
position. the fuel valve in at least two different
positions whereby the speed of the engine may
be varied when the engine is in operation, and
an electrical controller in control of the erer-

gization of said electrical means, said switch and -

said electrical controller both being responsive to
a single condition which is indicative of the load
on the system.

21. In a refrigeration system, in combination,
an evaporator, a compressor for supplying refrig-
erant to said evaporator, an internal combustion
engine for driving said compressor, a starting
motor for the engine, unloading means for un-
loading the engine during starting thereof and
including an electromagnetic valve, and means to
energize said starting motor and valve simul-
taneously and to maintain said valve open until
the starting motor is deenergized, the arrange-
ment being such that the load is not placed on

~ said engine until said valve is deenergized.

-ing means in said circuit for causing starting of .

the engine when air conditioning is required, and - &

automatic clutching mechanism" interposed be-=
tween said internal combustion engine and said
compressor, said auttomatic clutching mechanism
~comprising a device responsive to vacuum de-

veloped upon operation of the engine for causing !

engagement of the clutching mechanism.

19. An air conditioning system for conditioning
a space, comprising, in combination, a condition-
ing chamber, fan means for causing air to flow
through said chamber to said space, means in-
cluding a direct expansion cooling coil for cool-

GO

ing the air flowing through said chamber, a com-

pressor connected to said direct expansion cool-
ing coil for withdrawing evaporated refrigerant
therefrom, an internal combustion engine includ-
ing ignition means, starting means and speed gov-
erning means for driving said compressor, elec-~
trical means energizable to start said internal

combustion engine and to position the speed gov-

erning means thereof in at least two different
positions and including a circuit for the ignition
- means and a circuit for the starting means, means
responsive to a load condition on the system in
control of said electrical means to start the en-

22. In a refrigeration system, in combination,

an evaporator, a compressor for supplying re-
frigerant to said evaporator, an internal combus-
tion engine for driving said compressor, a starting
motor for the engine, unloading means for un-

loading the engine during starting thereof and-

inecluding an electromagnetic valve, means to en~
ergize said starting motor and valve. simultane-
ously and to maintain said valve open until the
starting motor is deenergized, the arrangement
being such that the load is not placed on said
engine until said valve is deenergized, and means
for automatically varying the speed of said en-
gine in accordance with the load on the system

‘while the engine is in operation.

23. In an air conditioning system for condi-
tioning a space, in combination, an evaporator
in heat exchange relationship with said space, a
compressor connected to said evaporator for
withdrawing evaporated refrigerant therefrom,
an internal combustion engine for driving said
compressor, a starting motor for said engine,
loading means for said engine, time delay means
in control of said loading means, and control
means responsive to engine operation for auto-
matically rendering said starting motor inop-
erative and for simultaneously placing said time

" delay means in operation when the engine is in

operation whereby the load.is applied to said enx
gine only after a delayed interval following de-
energization of said starting motor.

EDWIN SNOOK.




