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This invention relates to fluid circulation sys-
tems, and particularly to means for, and meth-
ods of, supplying air or other gaseous fluids hav-
ing desired characteristics to, and circulating it

s in, an enclosure. ‘ - :

An object of the invention is to provide an
improved method and apparatus for creating and
maintaining desired fluid conditions in an enclo-
sure.

10 Other objects of the invention are to provide
an improved system, with which desired atmos-
pheric conditions in an enclosure may be obtained
and maintained; also to provide an improved
circulation system for enclosures, with which de-

18 sired conditions in the enclosure may be created
or maintained automatically, and with which
uniform circulation in the enclosure may be ob-
tained whether the desired conditions are vari-
able or constant. - : »

2-0‘ - A further object of the invention is to provide
an improved air or gas circulation system for
enclosures; with which gaseous or atmospheric
conditionis in the enclosure may be changed or
modified automatically or at will; with which a

o8 cconstant volume of gas will be supplied to the
enclosure under all conditions, independently of
any variations in its conditions; with which the
maintenance of a constant supply of gas to the
enclosure may be maintained automatically; with
which the gas distribution in the enclosure may
be maintained in a uniform and balanced con-
dition under all operating conditions; with which
desired conditions in the enclostre may be easily,
economically and rapidly obtained at any time;

g5 and which will be relatively simple, practical,
economical, efficient and inexpensive.

Various other objects and advantages will ap-
pear from the following description of an em-
bodiment of the invention, and the novel features

40 Will be particularly pointed out hereinafter in
connection with the appended claims.

In the accompanying drawings:—

Fig. 1 is & schematic diagram of a system em-
bodying this invention;

Fig. 2 is a similar diagram illustrating a modi-
fled embodiment of the invention; and

Fig. 3 is a sectional elevation of one form of
static pressure regulator which may be utilized
as a part of either of the illustrated embodiments

50 of the invention.

The invention is particularly valuable in con-
-nection with the circulation of a gaseous fluid
_through a chamber or enclosure, such as an audi-
torium or a treating room, and by way of exam-

55 Dle, the invention will be illustrated and de-

scribed as it may be applied to auditoriums
through which a gaseous fluid, such as air or
other gaseous fluid, is circulated. The invention
is not, in its broader aspects, limited to audi-

toriums, but has many other commercial appli- 5

cations in which gaseous fluids other than air or
with air may be circulated, such as in curing or.
treating rooms for tobacco and other products.

In the embodiment of the invention illustrated
in Fig. 1, the chamber or enclosure | having the g
enclosing walls 2 may be of any suitable size and
character where people may congregate. Tn this
illustrated system, in which air is the fluid me-
dium circulated through the enclosure, the air is
withdrawn from one part of the énclosure through 15
an opening 3 and conveyed by a conduit or duct
4 to a mixing chamber §. .
' _The chamber § communicates with one end of
a suitable conditioner or device 6 for modifying
or changing the characteristics of the air, such as
a humidifier, dehumidifier, or other modifying or
conditioning device, and this modifying device
communicates through a chamber 7 with the in-
take side of a suitable circulating device 8, such
as a fan or blower. The circulating device in
turn communicates, such as by a duct or conduit
9, with another part of the enclosure, the air or
fluid delivered by the conduit or duct 9 being
discharged as a stream into the enclosure through
the opening 18. Thus the fan or circulating de-
vice 8 is adapted to draw air or other gaseous
fluid from the enclosure through the condition-
ing device 6, and then return it to the enclosure
50 as to cause a circulation of the air through
the enclosure. ‘ 35

‘The amount of air drawn from the enclosure °
and through the conditioning device 6§ may be
variably controlled by any suitable regulating
device {1, such as a damper {llustrated conven-
tionally on.the drawings, operated by a suitable
handle or member {2 extending exteriorly of the
duct. The regulating damper {1 may be operated
through various intermediate positions to open or
closed positions in order to vary the amount of
withdrawn air which will bé treated by the con-
ditioning device € in obtaining or maintaining a
particular desired atmospheric condition in the.
enclosure. Because of this regulation, the quan-
tity of air passing through the conditioning de-
vice and delivered by the fan 8 to the enclosure |
will be variable, and consequently, if no correc-
tion is made, the circulation through the enclo-
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- sure will vary.

This variation in the amount of air dellve'red"v
to the enclosure will be, in many cases, very un- “
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2 _
desirable, because the air circulation or distribu-
tion currents in the enclosure would be unbal-
anced. For example, in a theatre or other audi-
torium, the duct system is designed to deliver air
to the auditorium at a uniform rate, and the
inlet and outlet of the duct system are so ar-
ranged-in the enclosure that the desired distri-
bution or circulation in the enclosure is obtained.
If the volume of air delivered is changed, the
distribution and balance of the air currents will
be changed, and an undesired and different air
circulation in the enclosure will result.

If the original design was made to obtain a
circulation which would not cause discomfort
to the occupants, a change in this circulation
might produce drafts, or cause untempered air
to strike the occupants, either of which would be
objectionable. If is therefore important that
while the air in the enclosure be given certain
characteristics, such as to temperature and hu-
midity, nevertheless the volume of air delivered
by the duct system must be maintained constant
if the desired circulation in the enclosure is to
be effective and unobjectionable,

For such reasons a branch duct 13 may be pro-

vided between the duct 4 and the chamber 1, or
other suitable provision made, so as to by-pass
the control damper {f, the chamber 5 and the
modifying device 6, and thus some of the air
withdrawn from the enclosure may be by-passed
directly to the chamber T where it will meet the
other stream of air coming through the condi-
tioning device, mix therewith, and be delivered to
the enclosure by the fan 8 and duct 9.
The branch duct or by-pass I3 may also be
provided with a suitable circulation controlling
device 4 for regulating the air or fluid flow there-
through. When the amount of air sent through
the conditioning device 6 is changed, the regulat-
ing device 14 may be operated to change inversely
the amount of air which is by-passed, so that the
quantity of air delivered by the fan 8 to the en-
closure | may be maintained constant through
all variations in the operation of the condition-
ing device. .

It is desirable, especially where the damper or
regulating device Il is operated automatically,
that the other regulating device 14 be automati-
cally.varied in order that there will be no material
change or interruption in the uniformity of the
quantity of air delivered to the enclosure by the
circulating system. Accordingly, a static pres-
sure regulator {5 may be arranged at a suitable
point in the air circulating system, such as in the
inlet connection to the fan or in the delivery duct
9, and this regulator is suitably connected to the
damper device {4 in & manner to open or increase
the opening of the damper device {4 when the
pressure in the duct 9 falls, and to close or re-
duce the opening of the damper device and de-
crease the amount of by-passed air or fluid when
the pressure in the delivery duct 9 increases.

This regulator 15 may be of the pneumatically
operated type, in which case compressed air may
be supplied thereto by a pipe 1§ which leads from
any suitable source of compressed air 17. A de-
livery pipe 18 leads from the regulator {5 to a
suitable air motor 19 which operates, by air un-
der pressure from pipe #6, the dampers of the
regulating device {4 toward open position when

.the air pressure in the duct 9 falls, and toward

closed position when the air pressure in the duct
8 increases. .
In systems, such as used for theatres or audi-

toriums, where it is desirable to add some heat
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to the circulating air, a heater 22 may be ar-
ranged at some suitable point in the air circulat-
ing system, as for ihstance in the by-passing duct
13. This heater may be of the steam coil type,
and steam is admitted to the coils through branch
pipes 23 and 24 leading from the steam supply
pipe 25. The branch pipe 23 is provided with a
controlling valve 26 which may be of the pneu-
matic reverse-acting type, which opens by pres-
sure, and having a capacity to cause a small
temperature rise in the air through the heater,
such as a 5° rise, for example. The other branch
pipe 24 is controlled by a suitable valve 27 which
may be of the direct acting type, which closes
by pressure, and having a larger capacity for
steam,; such, for example, as a capacity to cause
a 15° rise in the temperature of the air passing
through the heater. .

The valve 26 is supplied with an operating
fluid under pressure by a pipe 28 leading from a
thermostat 29 disposed in a position where it is
responsive to the temperature conditions in the
enclosure. For example, the thermostat 29 may
be disposed in the duct 4 through which air is
withdrawn from the enclosure.

The thermostat 29 may be supplied with an
operating fluid, such as air under pressure,
through a pipe 30 also leading from the com-
pressed air supply 1. The thermostat 29 may
also be of the reverse-acting type which permits
the passage of compressed air therethrough to
the steam valve 26 to hold the valve open until
the temperature in the enclosure reaches the pre-
determined temperature for which the thermo-
stat is set and then shuts off the air to cause the
steam valve to close. The direct-acting valve 27
is closed by compressed air supplied théreto by
a pipe 31 leading to a direct acting therinostat
32 which also is placed in a position in which it
Is responsive to the temperature of the air in
the enclosure, such as in the withdrawn air duct 4.

The compressed air is supplied to this direct
acting thermostat 32 through a pipe 33 leading
to the pipe 16 and the source of compressed air
1. The direct acting thermostat 32 permits the
passage of air therethrough to close the valve
27 only when the temperature of the air to which
that thermostat responds exceeds the prede-
termined temperature for which the thermostat
is set. With this arrangement the heater will
be operated automatically to bring the air in the
enclosure to a desired temperature by heating

‘the by-passed air throughout all the variations

in the quantity of air circulated through the
modifying device 6.

In many instances, such as in theatre or audi-
torium installations, and also in some other com-
mercial applications of the invention, it is de-
sirable to admit to the enclosure some fresh or
outside air, that is, air from a source other than
that of the enclosure, and for that purpose a fresh
or outside air duct 34 may be provided for ad-
mitting this outside air to the stream of. air
which is delivered into the enclosure. In such a
case, a suitable relief opening 2a may be pro-
vided so that air may be displaced from the en-

. closure in an amount equal to the quantity of out-

side air which is admitted to the enclosure.

The outside air duct 34 may, for convenience,
be connected to the chamber §, so that this out-
side air will pass through the conditioning de-
vice 6, and a suitable damper or other regulating
device 38 may be provided in the duct 34 for regu-
lating the amount of outside air which is ad-
mitted. Where it is desired to admit a minimum
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as in theatre installations, a second damper de-
wice 36 may be arranged across the duct 34 for
operation independently of the damper 35, so
that when the damper 35 is closed, the damper
36 may be opened to permit the passage of a mini-
mum quantity of outside air through the duct 34
into-the chamber 8.

The damper 35 may be controlled or operated
by a suitable motor or other operating device 37.

The motor 37 may be of the air pressure oper-

ated type and supplied with compressed air
through a pipe 38 leading thereto from the pipe
31 and thermostat 32, so as to open damper 35
in response to air pressure in pipe 38 when the
temperature of the room air is above a selected
temperature for which thermostat 32 is set. The
damper. or controlling device {! may be operated
through its actuating handle or member (2 by
a suitable motor 39, which may be of the air

operated type and supplied with compressed alr’

threugh a pipe 40 leading thereto from the pipe

‘28 and thermostat 29, so as to close damper |1

in response to air pressure in pipe 40 which is
passed by thermostat 28 until the temperature
of the room air exceeds a selected temperature
for which the thermostat 29 is set. A branch
pipe 41 leads from the pipe 40 to an air motor

42 which is connected to and operates the mini- .

mum supply damper 36 into open position by
air pressure in pipe 40 whenever motor 39 closes
damper (1.

The static pressure regulator {5 may be of any
suitable type, but by way of example, a suitable
type is illustrated diagrammatically in Fig. 1 and
in more detail in Fig. 3. Such a regulator is
provided with a Pitot tube 43 which extends into
the interior of the inlet connection to the fan 8
or tke duct 9, and in this particular example, it
opens towards the fan 8, so that the pressure in
the tube 43 will be increased with an increase in
the volume of air delivered by the fan and duct 9.

The Pitot tube 43 is connected by a passage 44
(see Pig. 3) to a2 chamber 45 having a movable
wall or diaphragm 46 that operates a lever 47
about a pivot 48 and against the tension of a
spring 49. The spring 49 is connected-to a lever
50 which may be adjusted to vary the tension
of the spring by the action of a nuit 51 engaging
with the lever 50 and threaded upon a suitable
rod 52.

The opposite end of the lever &7 is adapted to
open and close a suitable bleeder port 53, so that
when the bleeder port is open, the compressed
air entering the communicating chamber 54 from
the pipe 16 will escape instead of passing into
the pipe 8 leading to the operating motor 18
for the damper i4. Any compressed air in the
pipe 18 may also escape when the bleed port is
opened. If,however,the bleed port is closed bythe
lever 41, which occurs when pressure in the Pitot
tube 43 is increased, the escape of the compressed
air entering from pipe 16 will be prevented and
the compressed air will pass through pipe 18 to

the motor 19 to cause an operation of the latter_

in a direction to close the damper 4.

When the pressure in the duct 9 falls, the pres-
sure in the tube 43 will decrease, and conse-
quently the pressure in chamber 45 will decrease.
The spring 49 will thereupon operate the lever
47 in the opposite dirvection to uncover the port

53 which releases the air from the motor {9, and.

thereupon the damper {4 will be operated auto-
matically towards open position by a suitable
spring as usual in such air motors. By varia-

3

bly restricting the bleed port by greater or less
movements of the lever 47, the motor 19 will op-
erate the damper 4 through various interme-
diate positions or stages.

In the operation of a system, such as illustrated

_in Fig; 1, let it be assumed, for example, that the

enclosure is an auditorium, and that the system
is being started up just preceding a meeting or
performance. Let it be also assumed that the
temperature of the air in the enclosure is lower
than that desired in the enclosure, and that the
reverse acting thermostat 29 is set to operate at
say '74° for example, and the direct acting ther-
mostat 32 is set to operate at say 71° for ex-
ample. .

The fan ‘8 in operation will draw air from the
enclosure through the duct 4 and this withdrawn
air will pass either through the conditioning de-

10

15

vice 6 or through the by-pass duct 13 into the -

chamber 1. Since the temperature in the en-
closure is below 71°, the compressed air from the
source |17 will be passing through the reverse
acting thermostat 29 to the reverse acting valve
26, so as to open the valve and hold it open, there-
by admitting steam to the heater 22, and air will
also be passing through the same reverse acting
thermostat 29 and through the pipes 40 and 4

to the motors 39 and 42. The motor 39, when

operated by pressure, closes the damper device
i1 and. the motor 42 when operated by pressure
opens the minimum fresh air damper 36.

The compressed air from source |7 cannot pass

20

25

30

through the direct acting thermostat 32, and .

therefore there will be no air pressure in the pipes
31 and 38. With no pressure in pipe 31, the

_ steam valve 21, which shuts off by air pressure,

will now be open and it also will admit steam to N

the heater 22, The motor 37 is of the type which
operates its dampers into open position when air
pressure is supplied to the motor, and therefore
since there is now no air pressure on the motor,
the motor will hold the damper device in closed
position.

Therefore under these conditions no w1thdrawn
air can pass through the duct 4 into the condi-
tioner 6 and only the required minimum of oui-
side air can enter the conditioner 6. This min-
imum of air, however, will pass through the con-
ditioner 6 where its characteristics or condition
will be changed, such as by being humidified or

" dehumidified, and its temperature changed for

example, and will then pass to the fan 8 where

40

45

50 -

it is transferred under pressure through the duct ..

9 to the chamber [ of the enclostire.
terms “characteristic” or “condition” I mean a
distinguishing property or trait by which it is
identified in distinction to a mere movement or
position. For example, it includes temperature,
humidity, composition, or other similar proper-
ties.

By the

60

Since the air available to the intake side of -
the fan 8 is considerably restricted by the closed

dampers {1 and 35, the pressure in the duct 9
will be relatively. low and consequently the
damper 14 will be opened automatically, thus
permitting movement of the withdrawn air

65

through. the by-pass 13 into the chamber 71,

where it meets any outside air coming from the

conditioner 6 and-the two together pass through:

the fan 8 and the duct 9 to the enclosure.. The
fan 8 thus delivers a full uniform quantity of
air to the enclosure. .

The by-passed air moving through the heater

70 -

22 will be heated and this heated air will raise ,‘

the temperature of the mixture entering the fan

75
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4

8, and then the tempered air will be delivered to
the enclosure to raise the temperature of the air

therein. This operation will continue and the:

temperature in the enclosure will rise until the
temperature in the enclosure reaches the tem-
perature at which the direct acting thermostat
32 is set to operate, such as 71° in the selected
example. A change in operating conditions will
then occur. ‘

The direct acting thermostat 32 will now per-
mit the passage of compressed air therethrough
into the pipe 31 and 38. Compressed air enter-
ing the direct acting valve 27 will cause the lat-
ter to operate in a closing direction, and thus
the steam entering the heater through branch
24 will be shut off, and only a small amount of
steam will be admitted to the heater through
the valve 26. The action of the heater 22 will
thus be materially reduced so long as the tem-
perature in the enclosure remains at or above
say T1°, ‘ ‘ ..

The air pressure in pipe 38 will cause an opera.-
tlon of the motor 37 and through it an opening of
the damper device 35 to increase the amount of
outside air which enters the conditioner 6. With
the system operating under these conditions, a
greater amount of outside alr will pass through
the conditioner 6, and the increased pressure in
the delivery duct 9 acting through the static
pressure regulator 15 will cause a partial shutting
off of the damper [4 which decreases the amount
of withdrawn air which is by-passed through the
duct 13, so that the volume of air delivered to
the enclosure will continue to be the same. The
by-passed air, however, will' still be heated to
some extent, and this operation will continue
until the temperature in the enclosure either falls
below 71° in which event the previously described
conditions will be restored, or rises above say 74°.

When the rising temperature reaches say 74°,
as selected for this particular example, no change
occurs in thermostat 32, but the reverse acting
thermostat 29 will operate to shut off the pipes
28 and 40 fronr the source 17 of compressed air,

5 Thereupon the reverse acting valve 26, which

closes upon a fall of the pressure, will close and
the steam entering the heater from the branch 23
will be shut off, so that there will now be no
steam entering the heater. , The valves 26 and 27
will continue in closed position as the tempera-
ture in the enclosure remains the same or rises.
The shutting off of the pressure from the pipe 40

- will cause the operation of the motors 39 and 42,

The motor 39, which pressure operates to close
the damper, will now automatically open the
damper {(, and permit movement of withdrawn
air through the duct 4 into and through the con-
ditioner 6 and chamber 1 to the fan 8. The
motor 42, which operates to open the minimum
outside air damper 36 when pressure is supplied,
will now be operated to close this damper 36,
but outside air will continue to enter as permitted
by the damper device 35.

Withdrawn air will now be circulated through
duct 4 and mixed with outside ‘air, the mixture
passed through the conditioner 6, where the char-
acteristics of the mixture will be changed, and
then delivered by the fan 8 to the enclosure. The
greater volume of air then reaching the fan 8 will
cause an increase of pressure in the delivery duct
9, and thereupon the static pressure regulator {5
will cause a further closing of the damper (4 in
& manner to cut down the amount of by-passed

alr sufficiently to cause the volume of air delivered

2,109,512

by the fan 8 and duct
uniform. ’ .

When the temperature of the air in the en-
closure falls, the operations just described will
be reversed in a similar manner until the desired
conditions in the enclosure are reached, and
thereupon those conditions will be maintained
automatically, with uniform circulation through
ithe enclosure. ; : '

In the embodiment of the invention illustrated
In Fig. 2, the chamber { with relief opening 2a
may be of any size or shape, and similar to cham-
ber | of Fig. 1. Air or other fluid from the
chamber | may be withdrawn through an open-
ing 5%, communicating with a duct 56 leading to
a chamber 51 and thence to one end of a fluid
modifying or air conditioning device 58, such as
a humidifier or dehumidifier, for example. The
other end or outlet of the conditioner 58 is con-
nected to a mixing chamber 89, which in turn
communicates with the intake side of a suitable
circulating device 60, which may be a fan or
blower that delivers the air or fluid through a duct
61 into the enclosure. :

A by-pass duct 62 functions similarly to the
by-pass duct 13 in Fig. 1, and delivers the with-
drawn air to the mixing chamber 59 at the intake
side of the fan or blower 60. A fresh or outside
alr duct or opening 63 serves to admit outside
air to the conditioner, the same as explained in
connection with Fig. 1. A damper or shutter
device 64 variably controls the Dbassage of with-
drawn air through the duct 56 into the condi-
tioner 58, and a damper or shutter device 65
similarly controls the entrance of outside air
through the duct 63.

In this particular example, the shutter devices
or dampers 64 and 65 may be operatively con-
nected to one another by suitable links 6§ and
67, and a bell crank 68, for concomitant opera-
tion, the connection being such that the damper
closes when fhe damper 65 opens. The link
671 may be connected to a pressure operated motor
69, such as an air motor, and this motor may be
supplied with compressed air by a pipe 10 con-
trolled by a direct acting thermostat Tl. The
thermostat 71 is a standard dewpoint instrument
and may control the temperature of saturation of
the air passing thru the air conditioner. In a
humdifying system, the air will saturate at the
entering wet bulb temperature. The wet bulb
temperature of the outside air, in this case, would
be lower than that in the room, so that if the dew-
point Increased beyond that point at which the
thermostat 11 was set, air pressure on- air motor
69 would tend to open damper 65 and close damper
64. In case of dehumidifying, this thermostat
may control a three-way valve, admitting cold
water from some source to the sprays or it may
operate a reverse acting valve in a cold water
supply line to the sprays. If it is a case of the

9 to b’e kept constant and
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use of centrifugal refrigeration, where the tem-~

perature of the spray water is controlled at the
equipment, then thermostat 71 might act only
as an anti-freezing device on dampers 65 and 68,
In this case, the thermostat would close damper
65 and open 68, should the temperature in the
air conditioner go below some predetermined
point, such as 40°. . )

This thermostat 11 is supplied with compressed
air by a pipe 12 leading to a source 13 of com-
pressed air. The thermostat Ti may be disposed
in or adjacent the outlet of the conditioning de-
vice 58 so as to be responsive to the conditiens or
characteristics of the air or fluid leaving the
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modifying device, and thus the temperature of
the air leaving the modifying device will cause an
operation of the thermostat 71 to a.dmlt variable
amounts of compressed air to the pressure motor
69 and cause operations of the dampers 64 and
65 in a desired manner.

A damper or shutter device 14 may be arranged
across the connection between the outlet end of
the conditioner 58 and the mixing chamber 59,
so as to regulate, variably, the passage of fluid
through the conditioner to the mixing chamber
89. If desired the damper T4 may only extend

-partially across the passage so as to always pass

a minimum quantity of conditioned air. The
damper 74 is operated through suitable mecha-
nism 15 by a suitable motor 16, such as an air
motor.

The motor 76 is supplied with- compressed air
by a pipe 11 leading from the motor to a suit-
able instrument, such as a hygrostat 18, which
is disposed in 2 position where it is responsive to
the atmosphere of the enclosure. For that pur-
pose it may conveniently be disposed in the with-
drawn air or fluid duct 56 near its inlet.

This hygrostat controls the passage of com-

pressed air or fluid to the fluid pipe 77 and motor

716 from the source 13 of compressed air which is

connected to the hygrostat by pipes T2 and 79. -

With this arrangement, the hygrostat will admit
compressed air to the air motor 76 in a manner
and quantity to operate the damper 14 and pass
more or less of the conditioned air or fluid to
the chamber 59 and thus maintain desired char-
acteristics in the air or fluid of the enclosure
automatically.

The humidistat 18, if direct acting, will cause
an increased air pressure on air motor 16 with
an increased humidity. In 2 dehumidifying
system, the connection to dampers 14 would be so
made that the dampers would open, allowing air
with a lower dewpoint to pass into the distributing
system, and, in order to maintain constant static
pressure in the distributing system 61, damper
80 would be partially closed by an increasing air
pressure on air motor 84, In other words, the
action of static pressure regulator 83 would offset,
by closing damper 80, the opening of damper 14.
In case the system is a. humidifying system, and
if the dewpoint in the air conditioner was higher

. than that of the room, the action would be oppo-

site to that described above. In other words, the
control of the room depends upon the condition

- and amount of air passing thru the air condi-

GO

tioner. All of the air passing thru the bypass is

5 only recirculated in the room and has no effect

upon the room condition due to its being at the
same temperature and humidity as the room.

It will be observed that air can always enter
the conditioner 58 past either of dampers 64 or
65 or both, but the air so passing into the condi-
tioner 58 is only admitted to the mixing chamber
59 in amounts required to create or maintain the
desired atmospheric conditions in the enclosure,
the regulation being in this particular example
accomplished automatically.

In this example of the invention, as well as
in the example illustrated in Fig. 1, it is desirable

. to avoid- fluctuations in the quantity of air de-

75

" the enclosure.

livered by the fan to the enclosure, and to ob-
tain the delivery .of 2 uniform quantity of air to
Accordingly the by-pass duct 62
for the withdrawn air may be provided with a
controlling damper or shutter device 80 which

may be operated by a suitable motor 81, such as

an air motor.

The operation of the motor 81 is controlled
by a static pressure regulator 83, which may be

- similar tothat illustrated in Flgs. 1 and 3, and

function in a similar manner, as well as being
disposed so as to be responsive to the quantity

5

of air being delivered through the duct 61 to the -

enclosure

The regulator 83 controls the passage of com-
pressed air from the source 18 of compressed air
through pipes 79 and 84 to a pipe 82 leading to
the motor. The regulator 83 will control the
operation of the damper 80 in a manner to by-
pass air around the conditioner §8 sufficient in
amount to maintain a constant volume of the
air delivered to the enclosure, as explalned in
connection with Fig, 1.

In the operation of the apparatus illustra.ted
in Fig. 2, the thermostat 71 will operate the mo-
tor 69 in a manner to vary the relative propor-
tions of outside -and return air which are ad-
mitted to the conditioner §8. The volume of air
admitted to the device 58 by the dampers 64 and
65 will remain approximately constant, but. the
relative proportions will vary, and the thermo-
stat will vary these proportions through inter-
mediate stages in a manner such that the air
leaving the conditioner 58 will have an approxi-
mately uniform dewpoint and temperature.

The amount of this conditioned air which is
admitted to the enclosure will be determined by
the hygrostat 78, which controls the motor 16
and damper 74 in a manner to automatically
vary the amount of conditioned air admitted to
the delivery fan 68. The humidity of the room

- will therefore be maintained approximately con-

stant by the automatic control of the amount of
air at a known dewpoint and temperature which
is delivered to the enclosure. .

The static pressure regulator 83 and the motor
81 and damper 80 controlled thereby, will auto-
matically by-pass sufficient withdrawn air to

- maintain a constant pressure in the delivery duct

61,-and therefore the volume of air delivered to
and circulated through the enclosure will remain
substantially  constant throughout the various
regulatory actions which occur.

The conditioners or modifying devices 6 and
§8 have been illustrated only conventionally,
since the type of conditioner adopted will depend
upon the nature of the treatment to be given the

-air or other gaseous fluid which is ecirculated.

For example, when the humidity of air is to be
modified, a liquid spray of the usual or any type
may be used in the conditioner, at a tempera-
ture depending upon whether moisture is to be
added to or taken from the circulating .air or
gaseous fluid, or the air or gaseous fluid may be
heated or cooled in any suitable manner to pro-
duce the desired conditions in the enclosure.

It will be understood that both of the illus-
trated examples of the invention are equally
useful in both summer and winter, the heaters
being shut off in the summer when the audi-
torium or enclosure is to be cooled. In summer,
of course, the air would be dehumidified in the
conditioner 6 or 58, in order to cool the enclo-
sure. In winter the air or gas delivered to the
enclosure could be either humidified or dehu-
midified, as may be necessary to give the desired
conditions in the enclosure by suitable operation
or regulation of the conditioner,

It will be obvious that various changes in the
details, which have been hereindescribed and
fllustrated in order to explain the nature of the
invention, may be made by those skilled in the
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art within the principle and scope of the inven-
tion as expressed in the appended claims.

I claim as my invention: :

1. A circulation system for an enclosure com-
prising means for delivering a stream of gaseous
fluid having a desired condition to said enclosure,
means for varying the amount of such fluid so
delivered, and means automatically responsive
to the quantity of fluid delivered to the enclo-
sure for adding to the said delivered fluid addi-
tional fluid withdrawn from the enclosure in an_
amount that will maintain substantially constant
the quantity of gaseous fluid enteririg said en-
closure. .

2. A circulation system for an enclosure, com-
prising a fan connected to said enclosure to de-
liver a stream of fluid thereto, means for sup-
plying a gaseous fluid to said fan for delivery
thereby to saild enclosure, means for regulating
the quantity of said fluid supplied to the fan, a
connection from said enclosure to the intake
side of said fan for supplying thereto fiuid from
the enclosure Yor recirculation, .and means re-
sponsive automatically to the quantity of fluid
handled by the fan for varying the amount of
fluid flowing in said connection inversely to the
quantity of fluid supplied by the first mentioned
means to said fan, whereby the quantity of fluid
delivered to the enclosure by.the fan will be sub-
stantially constent.

3. A circulation system for an enclosure, com-

prising means for delivering to said enclosure a
stream of air having a desired condition, means
for varying the quantity of said air in said
stream, means for adding to said stream air from
another source, and means controlied by the air
pressure in said stream for varying the quantity
of said additional air which is added to said
stream in a manner to obtain delivery of a sub-
stantially uniform quantity of air to the enclo-
sure. .
4. A circulation system for an enclosure, com-
prising means for delivering to said enclosure a
stream of air having a desired condition, means
for varying the quantity of such air so delivered,
means for adding air withdrawn from the en-
closure to said stream, means controlled by the
pressure of the stream delivered to the enclosure
for varying the quantity of said withdrawn air
which is added to said stream, by increasing the
withdrawn air upon a decrease in the other air
in said stream, and vice versa, 8o as to make
the stream of air delivered to the enclosure sub-
stantially constant in quantity, and means re-
sponsive to the temperature of the air in said en-
closure for heating the air of sald stream before
it reaches said enclosure, until the air of the
enclosure reaches a selected temperature. -

5. A circulation system for an enclosure, com-
brising means for withdrawing a gaseous fluid
from said enclosure and returning it as a stream
to said enclosure, means for treating such with-
drawn fluid, means for varying the amount of
such fluid, and means responsive to the pressure
in said stream for admitting additional untreated

gaseous fluld to said stream for dellvery to said

enclosure, upon a decrease in the quantity of
treated air returned to said enclosure,

6. A circulation system for an enclosure, com-
prising means for delivering to the enclosure a
stream of gaseous fluid having a desired condi-
tion, means responsive to the condition of the
gaseous atmosphere of said enclosure for vary-
ing the quantity of such gaseous fluid delivered
to the enclosure, and means responsive to the

2,109,613 ) . .
. pressure in sald stream for a.dmltﬂng additional

gaseous fluid having a different coridition to the
stream in a quantity that will maintain the quan-
tity of fluld delivered to the enclosure substan-
tially constant throughout all variations in the
quantity of fluid having said desired condition. .
7. In a circulation system for an enclosure,
means for delivering a stream of air to the en-
closure, means for regulating the quantity of
such air in said stream, and means responsive
to the air pressure in sald stream for admitting
to that stream additional air of a different condi-

 tion and in an amount that will maintain the de-

livery of a constant volume of air to the enclosure.

8. An air circulation system for an enclosure
comprising means for receiving air from said en-
closure and returning it to said enclosure to cause
a circulation in the latter, means for treating a
portion of said withdrawn air, means for varying

“the quantity of air passing through said treating

means, means for bypassing a quantity of the

withdrawn. air around said treating means,.

whereby some of the withdrawn air may be un-
affected by sald treating means, means for heat-

- ing the air returned to the enclosure, & pair of

valves controlling said heating means and hav-
ing different capacities, and means responsive
to the temperature of the air in the enclosure for
operating both of said valves in & manner to
Jointly admit a fluild medium to said heating
means, to shut off one of said valves when the
air in the enclosure reaches one temperature and
to shut off the other valve when the air in the
enclosure reaches a somewhat higher tempera-
ture.

9. An air circulating system for an enclosure,
comprising means for receiving air from the en-
closure and returning it to said enclosure to cause
& circulation therein, means for treating a por-
tion of the withdrawn air, controlling means for
varying the quantity of air passing through said
treating means, means for bypassing a portion of
the withdrawn air past both said controlling
means and said treating means, a heating device

" for heating the withdrawn air prior to its return

to the enclosure, and means responsive to the tem-
perature of the air in said enclosure for control-
ling said heater in a manner to cause a maximum
action of the heater until the air in the en-
closure reaches a selected temperature; then par-
tially decreasing the activity of said heater until
the air in said enclosure reaches a predetermined
higher temperature, and then cutting off said
heater entirely, while the temperature of the air in
the enclosure remains above sald predetermined
temperature, and means for varying the quantity
of by-passed air inversely proportional to the
treated air, whereby the air returned to said en-
closure may be maintained approximately uni-
form in quaritity independéntly of the amount of
air subjected to said treating means,

~ 10. The method of creating and maintaining a
desired air condition in an enclosure, which com-
prises withdrawing air from said enclosure, treat-
ing said air to impart a desired condition thereto,
circulating said treated air as a stream and de-
livering it to said enclosure to cause a circulation
through the enclosure, adding untreated ‘air to
said treated air, and automatically varying the
proportions of treated air and untreated alr in
response to pressures in said stream by increasing
the quantity of untreated air added to said stream
upon a decrease in the treated air in said stream,
and in quantities that will maintain a constant
quantity of air flow in said enclosure.
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11. In a circulation systemfor an enclosure, the
method which comprises circulating as a stream
and delivering to the enclosure air having a de-
sired condition tending to create and maintain
desired air conditions in the enclosure, varying
the quantity of such air to produce said desired air
conditions and supplying to said stream, in ac-
cordance with the air pressure in the stream,
additional air having the condition of the air in
said ehclosure in a quantity that will maintain the
delivery of a constant volume of air to the en-
closure. : : '

12. A fluid circulation system for an enclosure

which comprises means for delivering to said en- -

closure a stream of gaseous fluid from a plurality
of sources, means for varying the amount of fluid
from one of said sources in said stream for alter-
ing the condition of the stream, and means auto-
matically responsive to the pressure of the gas-
eous fluid in said stream for varying the quantity
of gaseous fluid which is added from another of
sald sources to said stream in a manner to main-
taln approximately constant the volume of fluid
delivered to said enclosure.

13. An air circulation system for an enclosure,

comprising a duct system for withdrawing air .

frem said enclosure and returning it to said en-
closure, a fan in said duct system for causing a
circulation through said duct system, means as-
sociated with one portion of said duct system for
treating said air during its circulation to change
its condition, means for bypassing a portion of
the withdrawn air past said treating means,
means for varying the quantity of withdrawn air
passing through said treating means, means re-
sponsive to the temperature of the air in the
enclosure for heating the bypassed air until the
air of the enclosure reaches a selected tempera-
ture, and means automatically responsive to the
quantity of air delivered by said duct system for
varying the amount of bypassed air by an amount
that will make the quantity of air delivered to the
enclosure by said duct system approximately con-

stant independently of the -variations of the

amount of air which is treated.

14. The method of creating and maintaining
a desired air condition in an enclosure, which
comprises withdrawing air from said enclosure,
treating the withdrawn air to impart a desired
condition thereto and returning it to said en-
closure to create a circulation through the en-
closure, varying the quantity of withdrawn air
which is treated, in a quantity that will create
desired atmospheric conditions in said enclosure,
and adding untreated withdrawn air to the
treated air automatically in response to the air
pressure in the air stream delivered to said en-
closure in a quantity that will maintain sub-
stantially uniform the quantity of air delivered
to the enclosure.

15. The method of producing desired atmos-
pheric conditions in an enclosure which com-
prises delivering to said enclosure a stream of
gaseous fiuid composed of fluids having different
conditions, varying the- proportions of the com-
ponent fluids of said stream as necessary to ob-
tain the desired condition in said enclosure, and
increasing and decreasing the quantity of a com-
ponent fluid of said stream under the control of
the static pressure of the fluid delivered to the
enclosure by an amount that will maintain ap-
proximately constant the quantity of fluid de-
livered to the enclosure.

16. A fluid circulation system for an enclosure,
which comprises means for delivering to said en-

closure a stream of gaseous fluid composed of

fluids having respectively -different conditions,

means for varying the amount of one of said
component fluids in said steam for altering the
condition of the stream, and fluld pressure con-
trolied means for varying the quantity of another
of said component fluids in said stream in & man-
ner to maintain approximately constant the vol-
ume of fluid delivered to the enclosure.

17. An air circulating system for an cnclosure,
comprising' a duct system connecting different
parts of said enclosure, means associated with
said system for circulating air therethrough and
through said enclosure, means associated with
one section of said system for modifying the
characteristics of air moving in that section of
said system, means for supplying outside air to
said system, means controlling the amount of
cuts'de air admitted to said system and the
amount of withdrawn air circulating through
said section, thermostatic means. responsive to
the temperature of the air in the enclosure for
operating said controlling means in accordance
with temperature changes in said enclosure,
means for by-passing withdrawn air past said
section, means for varying the amount of air by-
passing ‘said section, and a static pressure regu-
lator responsive to pressures in the air being de-
livered by said system to the room for controlling
the means for varying the amount of by-passed
air, inversely to the quantity of treated air pass-
ing through said one section, and in such amount
that the air delivered by said system to said en-
closure will be substantially constant independ-
ently of the amount of air passing through said
section. C

18. An air circulation system for an enclosure,
comprising a duct system for withdrawing air
from said enclosure and returning it to said
enclosure to cause a circulation in the latter,
means for treating the air passing through one
portion of said duct system, damper means for
varying the quantity of air passing through said
treating means, means for bypassing a quantity
cf the withdrawn air around said treating means,

whereby come of the withdrawn air may be un- .

affected by said treating means, means for heat-
ing the air delivered to the enclosure, a pair of
valves contrclling said heating means, thermo-
static means respensive to the temperature of the
air in the enclosure and connected to said valves
for rendering both active to admit the fluid
medium to said heater until the air of the en-
closure reaches one selected temperature, for
then shutting off one valve, and for shutting
off the other valve when the air of the enclosure
reaches a predetermined temperature above that
at which the first valve was shut off, damper
controlled means for admitting outside air to
said withdrawn air for delivery therewith to said
encleosure, motors operating said damper means
and said damper controlled means, and means

also controlled by said thermostatic means and-

operating said motors to decrease the quantity of
outside air admitted to said withdrawn air and
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the quantity of air passing through said treating

means whenever the temperature within the en-
closure falls below a predetermined minimum.

19. An air circulation system for an enclosure,
comprising a duct system for withdrawing air

“from said enclosure and returning it to said en-

closure to cause a circulation in the latter, means
for treating the air passing through one portion
of said duct system, means for varying the quan-
tity of air passing through said treating means,
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- means for bypassing a quantity of the withdrawn

[

air around said treating means, whereby some
of the withdrawn air may be unaffected by said
treating means, means for heating the air’ de-
livered to the enclosure, a pair of valves control-
ling said heating means, thermostatic means re-
sponsive to the temperature of the air in the en-
closure and connected to said valves for render-

. ing both active to admit the fluid medium to said

10

heater until the air of the enclosure reaches one
selected temperature, for then shutting off one
valve, and for shutting off the other valve when
the air of the enclosure reaches & predetermined

" temperature above that at which the first valve

15

20

was shut off, means for admitting outside air to
said withdrawn air, for delivery therewith to said
enclosure, means also controlled by said thermo-
static means for varying the quantities of outside
air admitted to said withdrawn. air and for op-
erating the said means which varies the quantity
of air passing threugh said treating means, and
means responsive to the pressure in the current
of air delivered to the enclosure for increasing or
decreasing the amount of bypassed air upon a
decreass or increase respectively in the amount
of the treated air in the air delivered to said
enclosure, in an amount that will maintain the
quantity of air delivered to the enclosure sub-
stantially constant at all times.

20. An air circulation system for an enclosure,
comprising means for uniting air from a plurality
of different sources into an air stream having
desired characteristics, and delivering it to said
enclosure, separate means for controlling and

-varying the amount of air from each of said

. sources which is delivered to the enclosure, sep-

arate operating means for each of said varying
means, means for withdrawing air from the en-
closure and adding it to said stream, and means
responsive to the air pressure of the air stream
delivered to the enclosure for varying the addi-
tion of said withdrawn air to the stream in a
manner to insure uniformity in the quantity of
air in said stream reaching said enclosure.

21. A heating and ventilating system for an
enclosure in which people congregate in substan-
tial numbers, comprising a blower operating at a

- substantially constant speed, duct means con-

necting said blower to said enclosure and having
one portion thereof divided into a plurality of
branches and another undivided portion, means
for conditioning air supplied by one of said
branches, volume control means for variably
changing the volume of air moving in another of
said branches, and means responsive to air pres-
sure in the undivided portion of said duct and
operative automatically to vary the volume con-
trol means to maintain a constant air pressure
in said undivided portion of said duct means
while said blower continues to operate at said

_constant speed.

22. A fluid circulation system for an enclosure,
which comprises means for delivering to said en-
closure a stream of air from a plurality of sources,
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means for varying the amount of air from one of
said sources in said stream for creating desired
atmospherig conditions in said enclosure, and
means responsive to air pressure in said delivered
stream and automatically operative to vary the
quantity of air from the other of said sources in
said stream to a quantity which will maintain
approximately constant the volume of air de-
livered to said enclosure. . .

23. A fluid circulation system for an enclosure,
which comprises means for delivering to said en-
closure a stream of air from a plurality of sources,
means for varying the amount of air from one of
said sources in said stream for creating desired
atmospheric conditions in said enclosure, and
means automatically responsive to the pressure of
the air of the sald stream delivered to said en-
closure for varying the amount of air from the
other of said sources to an amount that will main-
tain approximately constant the volume of air
delivered to said enclosure.

24. A fluid circulation system for ah enclosure
which comprises a blower, a duct connecting said
blower and enclosure, means for supplying air
to said blower - from a plurality of different
streams, means for varying the amount of air
in one of said streams reaching said blower in
order to create desired atmospheric conditions
in said enclosure, and means automatically re-
sponsive to the air pressure in said duct and
varying the amount of air in the other of said
streams by an amount that will maintain g sub-
stantially constant air pressure in said duct.

25. A fluid circulation system for an enclosure
which comprises an air circulating device, a duct
connecting said device to said enclosure for de-
livering thereto a stream of air, means for sup-
plying to sald device a stream of air having a
desired condition, means for varying the amount
of conditioned air in said stream of air supplied
to said device, to create desired atmospherie con-
ditions in said enclosure, and means automatical-
ly responsive to the air pressure in said duct for
supplying to said device additional air having a
different condition in air amount that wiil main-
tain approximately constant the pressure of air
in said duct. :

26. A heating and ventilating system for an en-
closure in which people are accommodated, com-
prising a blower operating at a substantially
constant speed, duct means connecting said
blower to said enclosure and having one por-
tion thereof divided into a plurality of branches,
and another undivided portion, means for vari-
ably changing the amount of air moving in one
of sald branches, and means responsive to the
air pressure in the undivided portion of said duct
and operative automatically to vary the quantity
of air moving in said duct means and maintain
a constant air pressure in said undivided por-
tion of said duct means while said blower con-
tinues to operate at said constant speed.

ALFRED E. STACEY, Jz.
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