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This invention relates to temperature control.-
This invention relates to a method and an ap-

paratus for controlling the temperature of the -

atmosphere in a space, such as a room, railway
car, or the like. g

One of the objects of this invention is to pro-
vide an atmosphere-conditioning apparatus of
simple design, durable construction and reliable
action. Another object of this invention is to
provide an apparatus and system of the above-
mentioned character which will be highly effi-
cient and well adapted to meet the peculiar and
widely-varying .conditions and requirements met
with in practice. Another object of this inven-
tion is to provide a system and apparatus of the
above-mentioned character which will be of

'-ready and economical construction, character-

ized by ease of installation, and capable of de-

" pendable and long-continued operation. An-
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other object of this invention is to provide a sys-
tem and apparatus of the above-mentioned
character which will regulate and maintain the
temperature in the space at a value to render it
comfortable at all times in spite of weather, cli-
matic or like changes. Another object of this

- invention is to provide a system and apparatus
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of the above nature which will be automatic in
action and may be operated by unskilled per-
sonnel. Other objects will be in part obvious
and in part pointed out hereinafter.

The invention accordingly consists in the fea-
tures of construction, combinations of elements,
arrangements of parts and in the several steps
and relation and order of each of the same to
one or more of the others, all as will be illus-
tratively described herein, and the scope of the
application of which will be indicated in the
following claims.

The single figure in the accompanying draw-
ing is a diagrammatic representation showing
one of various possible embodiments of the me-
chanical and electrical features of our invention.

As conducive to a clearer understanding of
certain features of our invention, it might at this

5 point be noted that cne of various disadvantages

inherent in known systems and methods for
cooling the interior of a room in hot weather re-
sides in the fact that. great discomfort is caused
because of the oftentimes too great a difference
in temperature between the outside atmosphere,
to which the person has become temporarily
accustomed, and the temperature inside the
cooled room; the higher that the outside tem-
perature is, the greater is the above-mentioned
difference in temperature, the greater is the re-

. this invention thereto.

1931, Serial No. 508,835
(CL 236—1)

sultant discomfort, and the greater are the diffi-
culties in acclimating one’s self to the lower
temperature. Though the lower or inside tem-
perature may be one that is well suited to com-
fort, yet the abrupt change due to entering the
cooled space is sufficient to cause chills, and like
great discomforts.. One of the dominant aims
of this invention is to provide a system and
method for avoiding such difficulties and disad-
vantages as have just been mentioned.

Turning now to the illustrative embodiment of
this invention shown in the accompanying draw-
ing, a conduit, generally indicated at 10, is so
positioned in relation to the space, such as a
room, railway car, or the like, the temperature
of which is to be controlled, that various outlets
11 therefrom afford the discharge of suitable
quantities of air into the space, the latter being
diagrammatically indicated at 9. The mouth 12
of conduit 10 is disposed in such a position that
it will receive fresh air from a suitable source,
such as the outside atmosphere. Adjacent
mouth 12 is a motor 13, supported in any suit-
able manner, and driven from the shaft of motor
13 is & fan 15 of suitable size to force the desired
quantity of air through conduit 10, in a direction
indicated by arrows, and into the room or space
9. The motor 13 is connected by conductors 16
to the main lines 17, which, through a manually
operated switch 19, lead to a suitable source of
current. Certain advantages of our invention

are more fully realized in connection with the -

control of temperature in, particularly, passen-
ger vehicles, such as railroad cars, but it is to be
understood that we do not limit the scope of
If this apparatus were
installed in a railroad car, the source of- current
connected to main lines 17 preferably takes the
form of a generator 18 driven from the car axle
and a storage battery 20, an automatic switch,
18, of any suitable construction, connecting the
generator to the battery 20 when its voltage is
adequate and effecting disconnection when the
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generator voltage drops below a certain value; -

in the latter case, the battery 20 serves to supply
energy to lines 17 and associated devices. In so
far as the broader aspects of our invention are
concerned, line conductors 17 lead to any appro-
priate source of current.

Positioned in the path of movement of air
moved by the fan 15, and conveniently near the
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mouth 12 of the conduit 10, is a heater, prefer-

ably in the form of a coil 21 of pipe adapted
‘to have steam passed therethrough. A pipe 22

. leads from the coil 21, through an clectrically
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actuated valve 23, to a suitable source of steam;
in a railway vehicle, the latter may be the train
steam-line. Steam exhausted from heating coil
21 passes out through pipe 24. Positioned also
in the path of movement of air in conduit 10
and preferably in front of fan 15 is a refriger-

ating coil 25, supplied with refrigerant from a

suitable refrigeration apparatus to be more fully
described hereinafter. When the fan 15 is in
motion, a continuous blast of air is passed over
the coils 21 and 25, into the conduit 10, and
thence into the space 9, through the outlets
11. Furthermore, if steam is passing through

_heater coil 21, the air is heated, thus heating

the space 9, and, conversely, if the refrigeration
coil 25 is effective, the air passing thereover is
cooled, thus to cool the space 9. Thus either
a heated medium or a cooled medium is passed
into space 9 according to whether the steam coil
21 or the refrigerating coil 25 is in operation.
The refrigeration unit for supplying cooling
coil 25 with refrigerant includes a compressor
28 driven by an electric motor 30, through suit-
able driving connections 31. Motor 30 is con-
nected by conductors 32 to the lines 17.. The
refrigeration apparatus may be of any suitable
type or construction but preferably is of the com-
pression-expansion type. A pipe 37 leads com-
pressed refrigerant to a condenser 38, where it
is condensed, whence a pipe 29 conducts the
liquefied refrigerant to a receiver or collecting
tank 39. A pipe 33 conducts condensed re-

* frigerant from the storage tank 39 to refrigerat-

ing coil 25 through the expansion valve 27; and
a pipe- 26 returns expanded refrigerant from
coil 25 to the compressor 28.

Heat may be extracted from the refrigerant in
the condenser 38 by any suitable means, and il-
lustratively we have shown condenser 38 as
water-cooled, conveniently by means employing
the same cooling water over and over. In order
to keep cooling water supplied to condenser-cool-
ing coil 41 at a suitable low temperature, we
provide a cooling—tower including a tank 40
into which the warmed water from the cooling
coil 41 in condenser 38 is lead by pipe 43 and
through a spraying device 42 in the upper
part of tank 40. A fan 44, driven by motor
45, is disposed at one side of tank 40 to
blow sufficient cooling air, in countercur-
rent relation to the water spray 53 to effect
the necessary cooling. WMotor 45 is connected
by conductors 46 to the main lines 17. A pipe
47 leads from the bottom.of tank 40 tc a rotary
pump 48 of any desired construction, the pump
discharging water, by a pipe 49, into the cooling
coil 41 in the condenser 38. A motor 50 drives
the rotary pump 48 and is connected to the main
lines 17. \

Tank 40 is preferably of a size sufficient to
hold such a quantity of water 52 as to com-
pensate for loss by evaporation over substantial
periods of time. ’ :

It may be further pointed out that the motor
30 for driving the compressor 28, the motor 45
for actuating the fan 44, and the motor 50 for
driving the rotary pump 48 are all connected in
parallel to main lines 17 but on the same side of
an automatic switch 34. Thus when switch 34
is closed these three motors will be operated
simultaneously. :

A thermostatic bulb 54, having therein any
suitable medium such as a volatile liquid whose
vapor pressure changes in response to tempera-
ture changes, is positioned inside the space or
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room 9 whose temperature is to be regulated.
Connected tc bulk 54 by a pipe or conduit 55
is a pressure-responsive bellows 56, constructed
in any suitable manner so that an increase or
decrease of pressure due to the medium disposed
therein and in the bulb 54 will catuise an eXpan-
sion or contraction of bellows 56 with a conse-
duent transverse motion of the unanchored or
right-hand end of bellows 56. Secured to the
right-hand end of bellows is an arm 57 pivotally
connected at 59 to an arm 58. Arm 58 is pivoted
at 60 so that it will swing under the action of
bellows 56; at its upper end it carries- insulated
contacts 61 and 62 for coaction with relatively
fixed contact- 63 and 64 respectively, according
to the positiun of arm 58. Thus 2 fransverse
motion of rod 57 connected to the thermostatic
pellows 56 is eTective to move the contact 61 in-
to engagemens with the contact 63 or to move
the contact 62 into engagement with and over
the contac’ 64. .

Contact 63 is movable, however, and is sup-
ported by and insulated from a swinging arm
65 pivoted at 66. To one side of arm 65 is a sta-
tionary stop 67 limiting the extreme swinging
movement of the arm 65 in a clockwise direc-
tion. A spring 68 is disposed in such a position
as to exert pressure on the arm 65, tending to
swing and hold it against the stop 67. Thus the
swinging arm 65 and the contact 63 carried
thereby are prevented from swinging in a clock-
wise direction beyond the stop 67 but if & pres-
sure greater than that of the spring 68 is applied
to arm 65 on the same side as the stop 67, the
arm 65 and the contact 63 are moved in a
counterclockwise direction and contact 63 is thus
positioned a greater distance toward the right
from the contact 64. Contact 64 is of such a
length that when the bellows 56 is actuated by
a pressure corresponding to any temperature
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greater than, for example, 638° F. contact 62 on .

arm 58 is moved out of engagement therewith.
Contact 63 in its normal position with arm 65
against the stop 67, is engaged by the contact
61 on arm 58 when bellows 56 is affected by a
temperature of, for example, 70° F. or above,
The circuits controlled or affected by these va-
rious contacts will be more fully described ‘here-
inafter.

A thermostatic bulb 72, similar in construc-
tion to the above described thermostatic bulb 54,
is disposed out-doors or outside of the space 9
whese temperature is to be regulated, and con-
nected thereto by 2 pipe 73 is a thermostatic
bellows 74 like the bellows 56, actuated by
changes in pressure therein due to temperature
changes affecting bulb 72.  An arm 75 pivoted
at 776, is pivotally connected as at 77 to an arm
78 attached to the free or unanchored end por-
tion of the bellows 74. Arm 75 carries at its
upper end an insulated contact 79 adapted to
coact with relatively fixed spaced contacts 80
and 81; as arm 75 is moved by bellows 74, the
contact 79 comes into engagement with either
the contact 80 or the contact 81 according to
the position of the moving end of the bellows.
Contact 81 is here positioned so that when the
thermostatic bellows 74 is affected by a pres-
sure corresponding to, for example, a tempera-
ture of 68° F. or below affecting bulb 72, con-
tact 79 is moved into engagement therewith, and
the contact 80 is here positioned so that the
contact 79 is moved into engagement with it
when the bellows 74 is actuated by a pressure
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.parts 87 and 88, one
slotted as at 87
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for example, to an outside
temperature of 73° P, or greater. ,
Secured to and movable by arm 75 and related

' so that its end 85 can engage the swinging arm

65 is an arm member generally indicated at 86.
Member 86 is preferably adjustable in length
and conveniently consists of two overlapping
of them, part 87, being
to receive clamping screws 89
and 90. Thus arm members 86 may he made
any desired length and the point at which it en-
gages and begins to move arm 65, which carries
contact 63, may be pbredetermined. Hence, the
distance between the contacts 63 and 64, de-

pendent upon the action of the member 86, may

~ be predetermined by the length at which this
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-a certain predeterminable value.

member is set. Likewise, the point or points at
which movable contact 61, controlled by the in-
side thermostatic bulb 54, coacts with contact

63 may be affected.

The automatic switch 34 is, as above noted,
positioned in circuit 17—17 so that it controls
the actuation of motors 30, 45 and 50. Switch
34 is controlled by a coil 71 which, when ener-
gized, closes switch 34 to effect operaticn of
these motors and the parts operated thereby,
and which, when de-energized, effects opening
of the switch 34 to stop these motors. Coil 71
and the electromagnetic operation of steam-
line valve .23 are controlled by the contacts
above described., :

Contacts 64, 81 and 80 are mounted in any

suitable manner to be manually adjustable, in
the directions of the arrows shown in the draw-
ing, and preferably each of these contacts is
provided with an index or, pointer member for
coaction with suitable temperature indicia or
scales substantially as shown in the drawing.
By such means as these, these adjustable con-

‘tacts may be accurately set at will to cause the

apparatus to act to meet the various conditions
met with in practice, certain illustrative ex-
amples of which may now be considered.

We have hereinabove pointed out certain dis-
advantages and difficulties met with in achiev-
ing the cooling of, for example, the interior ¢f a
room, and as illustrative of one of various fea-

tures of our invention whereby such disad-.

vantages and difficulties are overcome, we may
at this point note that we make it possible to
avoid discomfitting and undesired differences in
temperature by maintaining a relatively fixed

but variable difference between the outside tem- .

perature and the inside temperature though
the former may vary through wide ranges above
For purposes
of illustration, let it be assumed that it is de-
sired to maintain, in accordance with certain
features of our invention, a difference of 5° .
bétween the outside temperature and the
temperature within the space 9, and that, for the
the outside  temperature is 75° F,
and that, therefore, the temperature desired to
be maintained within the space 9 is 70°. Let it

‘also be assumned that the temperature within the

space 9 is now 73° and
duced “below 68° F. 4

We first set contact 81 at the 68° position so
that-movable ccntact 79 engages or disengages
contact 81 when the outside thermostatic bulb
72 is affected by a temperature of 68°; we simi-
larly set contact 64 at the 68° position so that
contact 62 engages or disengages contact 64
when 'the inside thermostatic bulb 54 is affected
by a temperature within the space 9 of 68°.

is at no time to be re-

3

Movable contact 80 is set at a 70° position, a few
degrees higher than the setting of contact 81, so
that contact 79 on arm 75 engages or disengages

contact 80 when outside thermostatic bulb 72 is

affected by a temperature of 70°. .
Arms 75 and 58, under the above assumed
conditions, hence occupy positions substantially

as shown in the drawing. The adjustment of

the length of extension 86 and the consequent
pcsition of contact 63 are then so fixed that the
arc of travel (toward the left) of contact 61
along contact 63 necessary {o disengage contact
61 from contact 63 corresponds to a 5° temp-
erature arc of travel of arm 58 and contact 61.
Further, with the above assumed temperature
values, it will be noted that cooling of the space
9 is now in order, the temperature having to be
brought down to 70° F., 5° lower than the out-
side -temperature of 75° F.

The switch 19 is then closed to make effective

- the source of current, either generator 18 or

battery 20 or both. “The closing of the switch
19 conditions the system for continuous auto-
matic operation, and the motor 13, connected by
lines 16 to lines 117, is set in operation and actu-
ates the fan 15; it will be noted that motor 13
is connected on the generator side of automatic
switch 34. Thus, a continuous current of air
flows through the conduit 10 and out through
the various outlets 11 into the space 9 to ac-
complish a thorough and constant movement of
air in the space whose temperature is to be regu-
lated. - As the temperature in this space, above
assumied to be 73°'F., is 3° ahove that preferred,
refrigeration or cooling is made to take place
in the coils 25 in order to cool the air being

. passed into space 9. As the outside temperature

has been assumed to be 75° F., the contact 79
is in engagement with contact 80 substantially

. as shown in the drawing. Furthermore, as the

temperature inside is 73°, the arm 58 and thus
the contact 61 are moved by the thermostatic
bellows 56 to a position in which the contact 61
is in engagement with the contact 63.

With the parts in this position, a’ circuit is
established between the source of current and
the solenoid 71, this circuit extending from one
of lines 17, line 83, contact 79, contact 80, line
84, contact 61, contact 63, line 70, solenoid wind-
ing 71, and from the latter, to the other line 17;
solenoid 71 being energized, switch 34 closes.
Closure of switch 34 starts motor 30, motor 45,
and motor 50. The moving parts of the refriger-
ation unit are thus actuated and refrigeration
takes place in the coil 25; the current of air be-
ing passed into thermal contact with these coils
by the fan 15 becomes cooled thereby. This cur-
rent of air passes out through the outlets 11 and,
circulating in the space 9, cools that space. As
the temperature inside space 9 is thus reduced,
bellows 56 contracts, moving arm 58 and contact
61 toward the left. When a temperature of 70°
in sp ze 9 has been reached, the thermostatic

‘bellows 56 moves the contact 61 out of engage-
ment with contact 63, thus breaking the circuit

between the source of current and the solenoid
71. Upon de-energization of the solenoid 71, the
switch 34 opens, thus breaking the circuit of, and
stopping, the motors 30, 45, and 50. Refrigera-
tion ceases in the coil 25 until such a time as the
temperature in the space rises above 70° whence
contact 61, under control of bellows 56, is moved
into engagement with contact 63 ard refrigera-
tion again takes place. :

Let it be assumed, however, that the outside
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temperature rises to 78°, and, as described above,
a fixed difference between the outside and in-
side temperatures of 5° is to be maintained;
hence the inside temperature must now be main-
tained at 73°. The thermostatic bellows 74, be-
ing affected by this increase in temperature un-
der the action of bulb 72, moves arm 75 and con-
tact 79 farther along the contact 80, the two
remaining in engagement with each other. How-
ever, when this action takes place, the extendable
member 86 is similarly moved (to: the right)
and, being in engagement with the swinging
arm 65, thus moves the contact 63 farther to
the right throughout a distance corresponding
to the increment of increase in outside tempera-
ture. The parts in this new position prevent
contact 61 from engaging contact 63 until a
temperature of about 73° inside of space 9 has
been reached. Thus no refrigeration in the coil
25 and consequently no cooling will take place
until a temperature of 73° in space 9 is exceeded.
If such a temperature is reached, the contact 61

" engages the contact 63, thus completing the cir-

cuit to the solenoid 71 and the refrigerating
parts will function as described above, contact
61 disengaging contact 63 when the temperature
of 73° in space 9 is restored.

For further purposes of illustration let it be
assumed that it is a very hot day, and the out-
side  temperature is 90° F. In such a case it
might’ be desirable to have a greater difference
between the temperature iriside the space and
the temperature outside the space in order to
maintainy, a comfortable .temperature ‘therein.
To increase the temperature difference to be
maintained, screws 89 and 90 are loosened and
member 86 is shortened so that contact 61 en-
gages or disengages contact 63 at a point that is
10 temperature degrees displaced from the par-
ticular point at which arm 75 and contact 79
happen to be. Arm 75 assumes a 90° position,
being moved toward the right of the position it
has as shown in the drawing, and arm 65 with
contact 63 likewise assumes a position consider-
ably to the right of that shown in the drawing.
Under these conditions, contact 61 will not en-
gage contact 63 until an inside temperature of
about 80° is reached; thus the parts function as
described above, maintaining a 10° difference
between the outside and inside temperatures.

Let it now be assumed that the outside tem-
perature falls below 68° F., and that instead of
refrigerating the air supplied to the space 9, it
is now necessary to heat it in order to maintain
a comfortable temperature therein. When the
temperature outside of space 9 is 68°. or below,
the thermostatic bellows 74 is actuated to move
contact 79 into engagement with contact 81.
As arm 75 with extendable member 86 moves to
the left, spring 68 causes arm 65 to follow this
movemeént until arm 65 engages stop 67 so that a
subsequent movement of arm 58 to the left is
effective to move contact 61 out of engagement
with contact 63. If the temperature inside the
space 9 falls below 68° F., the inside thermo-
static bellows 56 moves the contact 62 into en-
gagement with the contact 64. A circuit is now
established between the source of -current and
the winding of the electrically actuated valve 23,
this circuit extending from one of the lines 17,
line 91, winding of valve 23, line 69, contact 64,
contact 62, line 82, contact 81, contact 79, line
83, and to the other of the main lines 17. Valve
23 is thus caused to open and permit steam to
pass through the pipe 22 to the series of heater

1,088,495

pipes 21 positioned in front of the fan 15. The
current of air passing into thermal contact with
pipes -21 is heated and is then passed through
the conduiit 10 and the outlets 11 to circulate in
and heat the space 9. This heating action con-
tinues until the temperature in the space rises
above 68°, when the thermostatic bellows 56

moves the contact 62 out of engagement with

contact 64, thus breaking the circuit between the
valve 23 and the source of current. The valve
23 closes, stopping the circulation of steam
through the series of pipes 21 and heating of the
incoming air ceases.

A subsequent decrease in the temperature in-
side of space 9 effects a movement of arm 58
and contact 62 toward the left to re-establish
the circuit of the electro-magnetic means oper-
ating the valve 23, whence the heating operation
continues until the desired inside temperature is
re-established. This cycle or these cycles of
heating operations are repeated under the con-
trol of the inside thermostatic bulb 54, as long
as the temperature outside of the space 9 is at
or below 68° F., as determined by the position

“of adjustable contact 81 with which contact 79,

controlled by the outside thermostatic bulb 72,
coacts. Should it be desired to prevent lower-
ing of the inside temperature below a tempera-

. ture other than the above-assumed 68° F., ad-

justable contacts 64 and 81 are correspondingly
reset. Also, it may be desired to prevent heating
action inside of the space 9 as long as the tem-
perature outside of the space 9 is at or above a
temperature other than the above-assumed 68°
F.; in that case, contact 81 is correspondingly
reset.

It will thus be seen that there has been pro-
vided in this invention a system and apparatus
in which the various objects hereinbefore noted,
together with many thoroughly practical ad-
vantages, are successfully achieved. It will be
seen that the apparatus is of thoroughly depend-
able action and is, moreover, well adapted to
meet a great variety of possible practical con-
ditions met with in practice, of which the pure-
ly illustrative examples above-described in de-
tail are but a few. The flexibility of control or
setting of the system and apparatus is such that
not only may the temperature difference de-
sired to be maintained between the outside tem-
perature and the inside temperature be widely
varied, but also the limiting temperatures af-
fecting the initiation of heating action or cool-
ing action inside of space 9 may be set through-
out wide ranges.

- As many possible embodlments may be made
in this invention, and as many steps may be
made in the embodiments above set forth or
in the steps hereinbefore set forth, it is to be
understood  that all matter hereinbefore de-
scribed or set forth in the accompanying draw-
ing is to be interpreted as illustrative and not
in a limiting sense.

We claim:

1. In apparatus of the character described, in
combination, means forming a space whose tem-
perature is to be regulated, a refrigeration unit
for said space, a controlling system for said re-
frigeration unit comprising thermostatic appa-
ratus responsive to the temperature inside said
space, thermostatic apparatus responsive to the
temperature outside said space, said two appa-
ratuses adapted to place said refrigeration unit
in operation when the parts of said two appa-
ratuses are in certain positions, said second-
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mentioned thermostatic apparatus adapted to
change the position of one of the parts of said
first-mentioned apparatus to change the con-
trolling standard of said controlling system.

2. In apparatus of the character described, in

combination, means forming a space whose tem-
perature is to be regulated, a refrigeration unit
for said space, a heating unit for said space,
thermostatic means responsive to the tempera-
ture inside said space for selectively controlling
the operation of said refrigeration unit and
said heating unit, and thermostatic means re-
sponsive to the temperature outside said space
adapted to coact with said first-mentioned ther-
mostatic means to control the operation of said
heating unit and said refrigeration unit, said
second-mentioned thermostatic means adapted
to modify the action of said first-mentioned
thermostatic means whereby said first-men-
tioned-thermostatic means operates for tempera-
ture values determined by said second-mentioned
thermostatic means.

3. In apparatus of the character described, in
combination, means forming a space whose tem-
perature is to be regulated, a refrigeration unit
for said space, a heating unit for said space,
thermostatic means responsive to the tempera-
ture inside said space including a plurality of
parts adapted to engage or disengage, and ther-
mostatic means outside said space including a
Plurality of parts adapted to engage or disen-
gage, said refrigeration unit adapted to operate
when-the parts of said first-mentioned thermo-
static means are in engagement with each other
and the parts of said second-mentioned ther-
mostatic' means are in engagement with each
other, said second-mentioned thermostatic
means adapted to move one of said parts of said
first-mentioned thermostatic means with respect
to the other parts of said first-mentioned ther-

‘mostatic means to change the engaging posi-

tion of the parts of said first~-mentioned ther-
mostatic means, : :

4. In apparatus of the character described, in
combination, means forming a space whose tem-
perature is to be regulated, a refrigeration unit
for said space, an electric motor for driving an
element of said refrigeration unit, a source of
current, a-circuit between said source of current
and said motor, a controlling system for said
circuit including a switch having two movable
contacts, a thermostatic device responsive to the
temperature inside said space for controlling the
position of one of said movable contacts, a switch
including a movable contact and a- relatively
fixed contact, a thermostatic device for control-
ling the position of said last-mentioned movable
contact with respect to said fixed contact, and
means forming an operative connection between
said last-mentioned thermostatic device and the
other of said movable contacts of said first-
mentioned switch whereby the operation of said
last-mentioned thermostatic device controls the
position of said last-mentioned movable contact
with respect to said first-mentioned movable
contact. . :

5. In apparatus of the character described, in

combination, means forming a space whose tem-

perature is to be regulated, a refrigeration unit
for said space, a switch responsive to the tem-
perature outside said space, and a switch re-
sponsive to the temperature inside -said space,
said first-mentioned switch adapted to modify
the action of said second-mentioned switch
whereby a predetermined fixed difference in

5

temperature between the inside of said space and
the outside of said space is maintained.

6. In apparatus of the character described, in
combination, means forming a space whose tem-
Derature is to be regulated, a refrigeration unit
for said space, said unit including a compressor
and electric motor for driving said compressor, a
circuit between said electric motor and a source
of current, means for breaking and making said
circuit, temperature responsive devices inside
said space dnd outside said space coacting with
each other to control said last-mentioned means,
and means for fixing the range of coaction of
said devices to maintain a predetermined dif-
ference between the temperatures within- said
space and outside said space.

7. In apparatus of the character described, in
combination, a space whose temperature is to
be regulated, a refrigeration unit for said space
including a compressor and a condenser, means
for passing cooling water through said con-
denser, means for cooling said water inecluding
an electric fan, an electric motor for actuating
said compressor, a circuit between a source of

. current and said motor and said fan, means for

making and breaking said circuit, and tempera-
ture responsive devices located inside said space
and outside said space coacting to control said
last-mentioned means to maintain a predeter-
mined fixed difference between the temperatures
outside said space and inside said space as the
outside temperature varies.

8. In apparatus of the character described, in
combination, a space whose temperature is to be
regulated, a refrigeration unit for said space in-
cluding a compressor and a condenser, means
for passing cooling water through said con-
denser, means for cooling said water including
an electric fan, an electric motor for actuating
said compressor, a circuit including a source of

. current and said motor and said fan, means for

making and breaking said circuit, temperature
responsive means for controlling said last-men-
tioned means to maintain a difference between
the temperatures outside said space and inside
said space as the outside temperature varies,
and means for breaking said circuit when the
outside temperature reaches a certain minimum
value. ) ’ i

9. In apparatus of the character deseribed, in
combination, a space whose temperature is to be
regulated, an electric circuit, a refrigeration unit
for said space dependent for operation upon the
condition of said circuit, a switch in said circuit,
electric means for actuating said switch, a
switch in the circuit of said electric means, a
thermostatic member responsive to the tempera-
ture inside said space for actuating said second-
mentioned switch when the temperature inside
said space is at or above a certain value, a switch
in the circuit of said electric means, a thermo-
static member responsive to the temperature
outside of said space and adapted to actuate
said last-mentioned switch when the tempera-
ture outside said space reaches a certain value,
said second-mentioned value being greater than
said first-mentioned value.

10. In apparatus of the character described,
in combination, a space whose temperature is to
be regulated, a refrigeration unit for said space,
electrical means for operating said refrigeration
unit, a source of current, a circuit between said
source of current and said electrical means, a

. Switch in said circuit, electric means for actuat-

ing said switch, a switch having two contacts in
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the circuit of said electric means, thermostatic

means responsive to the temperature inside said

space for moving one of said contacts info en-

gagement with the other of said contacts when
5 the temperature of said space reaches a certain
value, a second switch in the circuit of said elec-
tric means, and means responsive to the. fem-
perature outside said space for closing said last-
mentioned switch when the temperature outside
said space reaches or exceeds a ‘certain value,
said last-mentioned means adapted to change
the position of one of said contacts with respect
to the other of said contacts so that said second-
mentioned switch closes at a different tempera-
ture value in said space.

11. In apparatus of the character described,
in combination, means forming a space whose
temperature is to be regulated, a refrigeration
unit for said space, electrical means for driving
an element of said refrigeration unit, a source of
current, a circuit between said electrical means
and said source of current, switching means for
controlling said circuit including a movable con-
tact, a thermostat responsive to the temperature
inside said space for controlling the range of
movement of said contact, a second movable con-
tact, and a thermostatic device responsive to the
temperature: cutside said space for controlling
the' movement of said last-mentioned contact
relative to said first-mentioned contact whereby
both of said thermostatic devices coact to main-
tain a predetermined fixed difference between
the temperature inside said space and the tem-
perature outside said space. ’

- 12. In apparatus of the character described,
"in combination, means forming a space whose
temperature is to be regulated, a refrigeration
unit for said space, electrical means for driving
an element of said refrigeration unit, a source of
40 current, a circuit between said electrical means

and said source of current, switching means for

controlling said circuit including a first contact,

a second contact, a thermostatic device respon-

sive to the temperature inside said space for
46 controlling the engagement and disengagement

of said second contact with said first contact, a

third contact, a fourth contact, and a thermo-

static device responsive to the temperature out-
side said space for controlling the engagement

50 and disengagement of said fourth contact with
said third contact, said last-mentioned thermo-
static device adapted to control the position of
said first contact with respect to said second con-
tact whereby said cireuit is closed when said first

55 and second contacts engage and said third and
fourth contacts engage. :

13. In apparatus of the character described,
in combination, means forming a space whose
temperature is to be regulated, a refrigeration

60 ynit for said space, temperature responsive
means inside said space for controlling the op-
eration of said refrigeration unit, temperature
responsive means outside said space for con-
trolling the operation of said refrigeration unit,

65 said means coacting to maintain a predeter-
mined difference between the temperatures in-
side and outside said space, and means related

{0 said last-mentioned temperature responsive

means for changing at will the operative range
70 of said first-mentioned temperature responsive

means. - : .

14. In apparatus of the character described,
in combination, means forming a space whose
temperature is to be regulated, an electric cir-

78 cuit, a refrigeration unit for said space depend-
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ent for actuation upon the condition of said

circuit, a switch for controlling said circuit com-

prising a relatively fixed contact and a movable

contact, means responsive to the temperature in

said space adapted to move said movable con- §
tact into engagement with said fixed contact
when the temperature of said space reaches &
certain value, a second switch for controlling
said circuit comprising a relatively fixed con-
tact and a relatively movable contact, thermo-
static means outside said space for moving said
last-mentioned movable contact into engage-.
ment with said last-mentioned fixed contact
when the temperature outside said space reaches
a certain value, and means associated with said
last-mentioned movable contact adapted to move
said first-mentioned relatively fixed contact in
the direction of movement of said first-men-
tioned movable contact when the temperature
outside said space is at or above a certain value.

15. In apparatus of the character described,
in combination, means forming a space whose
temperature is to be regulated, a refrigeration
unit including a cooling coil, 2 heating coil,
means for forcing air past said coils and into
said space, and temperature responsive devices
inside said space and outside said space for
controlling the operation of said refrigeration
unit and said heating coil, said temperature re-
sponsive devices coacting to maintain a pre-
determined difference between the temperature
inside said space and outside said space when
said temperatures are above certain values and
for maintaining a fixed temperature in said
space when the temperature outside said space is
below a certain value.

16. In apparatus of the character described, in
combination, means for passing a mediumn into
thermal relation to a space whose temperature
is to be regulated, refrigeration means for cool-
ing said medium, heating means for heating said
medium, means thermally responsive to the tem-
perature within said space for selectively con-
trolling the action of said heating means and
said refrigeration unit, and temperature -re-
sponsive means outside said space coacting with
said last-mentioned means to maintain a fixed
difference between the temperatures outside said
space and inside said space when said tempera-
tures are above certain limits.

17. In apparatus of the character described,
in combination, means for passing a medium
into thermal relation to a space whose tem-
perature is to be regulated, refrigeration means
for cooling said medium, heating means for
heating said medium, means thermally respon-
sive to the temperature within said space for
selectively controlling the action of said heating
means and said refrigeration unit,$and tempera-
ture responsive means outside said space coact-
ing with said last-mentioned.means to maintain
a fixed difference between the temperatures out-
side said space and inside said space when said
temperatures are above certain limits and for
causing action of said heating means when the
temperature of said space falls below a certain
limit.

18. In apparatus of the character described,
in combination, means forming a space whose
temperature is to be regulated, a refrigeration
unit for said space, means for controlling the
action of said unit, means responsive to the
temperature outside said space and to the tem-
perature inside said space for affecting said™
controlling means to cause said refrigeration 76
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unit to maintain a predetermined fixed differ-
ence between the outside and inside tempera-
tures, heating means for said space, and means
effective, when a receding outside temperature
causes said temperature responsive means to
effect depression of the inside temperature to a
certain minimum, to halt the action of said re-
frigeration unit and 1mt1ate action of said heat-
1ng unit.

- 19. In apparatus of the character described,
in combination, means forming a space whose
temperature is to be controlled, means for cool-
ing said space, a switch responsive to tempera-
ture outside of said space, a switch responsive to
temperature inside of said space and having a.
contact controlled in its position by said first-
mentioned switch, and electrical control means
for said cooling means controlled by said
switches.

20. In apparatus of the character described,
in combination, means forming a space whose
temperature is to be controlled, means for cool-
ing said space, a switch responsive to tempera-
ture outside of said space, a switch responsive to
temperature inside of said space and having a
contact controlled in its position by said first-
mentioned switch, electrical control means for
said cooling means controlled by said switches,

‘and means limiting the position of said contact

to prevent actuation of said control means. to
prevent cooling action by said cooling means
when the temperature inside of said space re-
cedes to a certain value. )

21. In apparatus of the character described,
in combination, means forming a space whose
temperature is to be controlled, means for cool-

ing said space, a switch responsive to tempera-.

ture outside of said space, a switch responsive to
temperature inside of said space and having a
contact controlled in its position by said first-

‘mentioned switch, electrical control means for

said cooling means controlled by said switches,
heating means for said space, means limiting the

- movement of said contact in response to the

operation of said first-mentioned switch to pre-
vent cooling by said cooling means when the
temperature inside of said space recedes to a
certain value, and means for causing heating
of said space by said heating means upon further
recession in temperature outside of said space.

22. In apparatus of the character described, in
combination, means forming a space whose tem-
perature is to be controlled, means for cooling
said space, a switch responsive to temperature
outside of said space, a switch responsive to tem-
perature inside of said space and having a con-
tact controlled in its position by said first-men-
tioned switch, electrical control means for said
cooling means controlled by said switches, heat-
ing means for said space, means limiting the po-
sition of said contact to prevent cooling by said
cooling means when the temperature inside of
said space recedes to a certain value, and means
controlled by both of said thermostatic switches
in response to recession in temperatures- outside
and inside of said spdce for initiating the heating
action of said heating means.

23. In apparatus of the character described,
in combination, means forming a space whose
temperature is to be controlled, means for cool-
ing said space, a member variable in position in
accordance with changes in temperature outside
of said space, & member variable in position in
accordance with changes inside of said space,
and ‘control means for said cooling means de-

7
pendent upon departures from a certain prede-
termined fixed difference in the positions of said
two members.

24. In apparatus of the character described,
in combination, means forming a space whose
temperature is to be controlled, means for cool-
ing said space, a member variable in position in
accordance with changes in temperature outside
of said space, a member variable in position in
accordance with changes inside of said space,
heating means for said space, control means for
said cooling means dependent upon departures
from a certain difference in the positions of said
two members as long as said members occupy po-

sitions corresponding to temperatures above cer- .

tain values, and control means for said heating
means adapted to cause the latter to become
effective when said two members occupy posi-
tions corresponding to temperatures below said
certain values.

25. In apparatus of the character described,
in combination, means forming a space whose
temperature is to be controlled, means for cool-
ing said space, heating means for said space, a
switch member responsive to temperature outside
of said space and coacting with two contacts to
close a circuit upon increase in outside tempera-
ture and to close a circuit upon decrease in out-
side temperature, a switch member responsive to
temperature inside of said space and having a
movable contact, said last-mentioned switch
member and said movable contact being con-
nected in said first above-mentioned -circuit,
means causing said movable contact to vary in
its position in accordance with changes in tem-

"perature outside of said space, control means

for said cooling means connected in said first
above-mentioned circuit, and control means for
said heating means connected in said second
above-mentioned circuit.

26. In apparatus of the character described,
in combination, means forming a space whose
temperature is to be controlled, means for cooling
said space, a switch member movable in position
in accordance with changes in temperature in-

side of said space, a switch member coacting with.

said first-mentioned switch member and mova-
ble in position in accordance with changes in
temperature outside of said space, and means
whereby said switch members control the ac-
tion of said cooling means to maintain a fixed
difference between the temperatures inside said
space and outside said space.

27. In apparatus of the general character de-
scribed, in combination, means forming a space
whose temperature is to be regulated, a refriger-
ating unit: for cooling said space, thermostatic
means responsive to the temperature outside
said space, a thermostatic part résponsive to the
dry bulb temperature inside said space, and
means adapted to actuate said refrigerating unit
when said thermostatic means and said thermo-

10

20

25

30

35

40

45

50

55

static part respond to temperatures whose dif- -

ference is greater than a certain predetermined
fixed value thereby to maintain a fixed difference
between the temperature outside said space and
the temperature inside said space.

28. In apparatus of the general character de-
scribed, in combination, means forming 8 space
whose temperature is to be regulated, a refrig-
erating unit for cooling said space, means re-
sponsive to the dry bulb temperature of said
space adapted to cause the actuation of said
refrigerating unit when the dry bulb tempera-
ture thereof exceeds a certain predetermined
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value, and means responsive to the temperature
outside said space adapted to-act on said last-
mentioned means to change said temperature
value and thus maintain a predetermined fixed
difference between the dry bulb temperature
inside said space and outside said space.

29. In a temperature regulating system, in
combination, means forming an air space whose
temperature is to be regulated, means for cool-
ing said space, dry bulb thermostatic means
responsive to the temperature of said space for
exerting an exclusive control of the effect of
said last-mentioned means on said space, and
means responsive to the temperature conditions
outdoors for changing the standard of operation
of said last-mentioned means to cause higher
temperature levels to be maintained within said
space as said outdoor temperature rises and to
cause lower temperature levels to be maintained
within said space as said outdoor temperature
falls, each temperature level in said space being
maintained at a constant during the continua-
tion of any constant temperature level outdoors.

30. In a temperature regulating system, in
combination, means forming an air space whose
temperature is to be regulated, means for cool-
ing said space, dry bulb thermostatic means
responsive to the temperature of said space for
exerting an exclusive control over the starting
and stopping of said last-mentioned means, and
means responsive to the temperature conditions
outdoors for changing the standard of opera-

1,988,495

tion of said last-mentioned means to cause
higher temperature levels to be maintained
within said space as said outdoor temperature
rises and to cause lower temperature levels to
be maintained within said space as said outdoor
temperature falls, each femperature level in
said space being maintained at a constant dur-
ing the continuation of any constant tempera-
ture level outdoors.

31. In a temperature regulating system, in
combination, means forming an air space whose
temperature is to be regulated, means for cool-
ing said space, dry bulb thermostatic means re-
sponsive to the temperature of said space for
exerting an exclusive control of the effect. of
said last-mentioned means on said space, and
means responsive to the temperature conditions
outdoors for changing the standard of opera-
tion of said last-mentioned means fo cause
higher temperature levels to be maintained

within said space as said outdoor temperature

rises and to cause lower temperature levels to
be maintained within said space as said out-
door temperature falls, said last-mentioned
means only operating when said outdoor tem-
pérature rises above a certain predetermined
level, each temperature level in said space being
maintained at a constant during the continua-
tion of any constant temperature level outdoors.
’ GEORGE E. HULSE.
JOHN D. STROBELL.
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