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1

This invention relates to the art of air condi-
tioning and more particularly to an air condi-
tioning system for a building structure including
& plurality of areas to be conditioned which af-
fords individual control of each particular ares
of the structure,

The chief object of the present invention is to
provide an air conditioning system which is eco-
nomical in initial cost and in cperating cost and
which provides individual control of each area
of the building structure without varying the
quantity of ventilation air supplied to each area.

An object of the present invention ig to pro-
vide an air conditioning system adapted for in-
side zones as well as exterior bays of a building
structure and which permits individual control
of the temperature and humidity of the air in
each area without reference to the other areas
of the structure.

A further object is to provide a method of air
conditioning in which a small quantity of de-
humidified and cooled primary air is supplied to
each area of a building structure to be condi-
tioned in such manner that the small quantity
of conditioned air supplied serves to induce a
greater volume of room air to form a mixture
with the conditioned air and in which water is
evaporated locally to provide additional sensible
cooling, the mixture then being dischargeqd into
the area being conditioned without reference to
the other areas of the structure being condi-
tioned. Other objects of my invention will be
readily perceived from the following description.

This invention relates to an air conditioning
system for a huilding structure containing a plu-
rality of areas to be conditioned comprising in
combination a conditioner remote from the areas
for dehumidifying and cooling primary air to
predetermined conditions of humidity and tem-
perature in accordance with load on the struc-
ture, a plurality of individual units disposed in
the areas to be conditioned, at least one unit
being disposed in each area to be conditicned,
conduits for supplying conditioned primary air
from the conditioner to each unit and means asso.
ciated with each of such areas discharging the
primary air at relatively high velocity to induce
secondary air from the area being conditioned to
mix with the primary air stream, and a humidify-
ing device for evaporating water locally to pro-
vide additional sensible cooling for each area
being conditioned. Preferably, the amount of
water evaporated by contact with such air stream
is regulated by a control device responsive to the
temperature of the area being conditioned.

This invention further relates to a method of
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air conditioning in which the steps consist in
dehumidifying and cooling primary air to a pre-
determined dew point and dry bulb teimperature,
supplying the dehumidified and cooled air to a
unit disposed in an area to be conditioned, dis-
charging the air in such unit in a manner to in-
duce a greater volume of air from the ares keing
conditioned into the unit, mixing the primary and
secondary air streams, evaporating water in at
least one of said streams to decrease its dry bulb
temperature, and discharging the mixture of
primary and secondary air into the area being
conditioned.

The attached drawings illustrate g preferred
embodiment of my invention, in which

Figure 1 is a diagrammatic view of the air con-
ditioning system of the present invention;

Figure 2 is a sectional view through a room unit
of the air conditioning system of Figure 1;

Figure 3 is a diagrammatic view of an outlet
for use in the air conditioning system shown in
Figure 1;

Figure 4 is a graph illustrating the method of
air conditioning contemplated by the present in-

5 vention; and

Figure § is a diagrammatic view of a modified
central station conditioner,

Referring to the drawings, there is shown an
air conditioning system designated generally at 2
for conditioning a building structure containing
a plurality of areas 3 to be conditioned. The Sys~
tem includes a central station conditioner 4 con-
nected by headers and risers 5 and run-outs 6 to
units 7 disposed in the areas to be conditioned.

Preferably, at least one unit 7 is placed in each
area to be conditioned.

The conditioner 4 comprises a casing 8 con-
taining dampers 9 through which exterior air is
admitted into casing 8, a preheating coil 10, a
dehumidifying unit {4, which may be either of
the absorption or adsorption type, and a damper
{2 which serves to permit some porton of the
exterior air drawn within casing 8 to bypass the
dehumidifying unit 1{. Casing 8 also contains
a -cooling coil {3 and a heating coil {4 for air
passing through casing 8. A fan I5 serves to draw
exterior air within the casing to be conditioned
and to forward the conditioned primary air
through conduits 5 and run-outs § to the individ-
ual area unit 7. About 40-50% primary air may
be supplied to each area. The conduits § comprise
small tubes or ducts. Fan {5 routes primary air
therethrough at a static pressure in excess of /%
water gauge and at a velocity of the order of 2000
to 3000 feet per minute.

Conditioner 4 is regulated in response to the
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dry bulb temperature of exterior air. A pneu-
matic control system is shown in which the var-
jous thermostats are connected to a source of
supply of compressed air at predetermined pres-
sure. Thermostat {6 is connected to the main air
supply by line {7 and is actuated by means of bulb
{8 disposed in the path of exterior air to regulate
the pressure of the air passing through line {8 to
discharge thermostat 20 which is also connected
by line 21 to the main air supply. It will be un-
derstood bulp 18 may be placed in a position
where it is also responsive to sun effect and the
like. Thermostat {8 serves to resef the control
point of discharge thermostat 28. Thermostat 28
may be actuated by means of a bulb 22 disposed
in the path of conditioned primary air leaving
conditioner 4. Thermostat 26 actuates a valve 23
disposed in the line supplying cooling fluid to the
cooling coil 13 by regulating the pressure of the

air imposed on the diaphragm of such valve ~

through line 28. It also actuates valve 25 disposed
in the steam line of heater {4 by varying the air
péessure imposed on its diaphragm through line
28.

Preheater 19 is regulated by means of a valve
27 disposed in its steam line connected by line 28
to thermostat 29, connected to the main air sup-
ply. Thermostat 29 is regulated by means of 2
bulb 38 disposed in casing 8.

Dehumidifying unit {1, in casing 8, as pointed
out above may be of the adsorption or absorption
type and may be regulated by means of thermo-
stat 31 which reflects the wet bulb temperature
of air passing through casing 8 by means of a bulb
32 disposed in a sock 33 in casing 8. Thermostat
3{ is connected to the main air supply by line 34".
Thermostat 81 also serves to regulate damper 2
to determine the amount of exterior air passing
through the dehumidifying unit {{ or by-passing
the same. The various thermostats described
above are standard equipment and do not require
extended description.

The area units T are shown in exaggerated scale
in Figure 2. Each unit 7 includes a casing 46 con-
taining a plenum 41 connected to a run-out 8.
Air enters the unit through run-out 6 and passes
into the plenum. From the plenum 4i the pri-
mary air is discharged into the units 7 through
nozzles 49. Air is discharged through nozzles 42
at relatively high velocity and serves to induce a
greater volume of secondary air from the area be-
ing conditioned into units 7 through inlet 43. The
primary and secondary streams of air intermix in
the unit and pass upwardly to ouflet 44 from
which they are discharged into the area heing
conditioned. In the path of the mixture of pri-
mary and secondary air within the unit there is
disposed a humidifying device 45 which may be
a suitable atomizing spray nozzle 46 connected by
pipe 47 to a suitable source of supply of water.
The water dischargad into the mixture of primary
and secondary air is evaporated and serves to cool
such mixture by increasing its wet bulb tempera-
ture. Preferably a valve 48 disposed in pipe a1
controls the quantity of water supplied to nozzle
48, Valve 48 may be regulated by means of a bulb
45 disposed in the path of secondary air drawn
within the unit and hence serves to regulate the
humidifying device in response to the dry bulb
temperature of the area being conditioned.

While T have shown the humidifying device 435
disposed in the path of a mixture of primary and
secondary air, it will be understood similar results
may be achieved if desired by humidifying either
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the primary or the secondary air streams instead
of the mixture of primary and secondary air.

If desired, the conditioned primary air may be
supplied to an individual unit 33 of the outlet type
as shown in Figure 3. In this case only primary
air is treated by the humidifying device 85. Such
device in the structure shown in Figure 3 may
comprise a plurality of wick-like members 38 hav-
ing their ends suspended in a water pan (not
shown) disposed in the path of primary air. Suit-
able dampers 37 may be provided in the outlet to
regulate the proportion of primary air passing
through or bypassing the humidifying device. A
fioat valve (not shown) may be placed in the pan

' to maintain a desired water level therein. Dis-

charge of primary air from the outlet induces
secondary air from the area being conditioned to
mix therewith after its discharge.

In Figure 5 I have illustrated a modification of
my invention. In this case separate dehumidify-
ing and cooling members are not provided in the
central station 2, instead a direct expansion coil
5g serving as the evaporator of 2 suitable refrig-
eration systerm (not shown) may be employed to
cool and dehumidify the exterior air passing
through the casing. In other respects, the cen-
tral station conditioner of Figure 5 is similar to
the central station conditioner of Figure 1. If a
wick arrangement of the type shown in Figure 3
be employed in a unit 7 it may be desirable to pro-
vide a damper and by-pass for room air in place
of control valve 48 in order to expedite response
to a change in area temperature,

Tt will be understood unit 7 may be controlied
manually or automatically as desired. As illus-
trated, automatic control is provided since the
system is particularly adapted to simplified con-
trol for only a small volume of water is required
for each unit in the order of 2 pounds of water
per hour and no change-over of the water supply
is required to permit operation under summer
or winter operating conditions.

In Figure 4 I have shown a graph which serves
diagrammatically to illustrate the operation of
the system. This graph is drawn on the usual
psychrometric chart. Point A represents a con-
dition of outside air or a mixture of outside air
and return air being drawn into the central sta-
tion conditioner 4. Let us assume that air at such
condition is 70° F. wet bulb temperature and 85°
B, dry bulb temperature, Passing through de-
humidifying unit 11 its moisture content is re-
duced along 2 line of constant wet bulb tempera-
ture (line A—B) to a desired point B. The air at
point B under these conditions may be considered
as of 70° wet bulb temperature and 115° dry bulb
temperature containing approximately 38 grains
of moisture per pound of dry air, By means of
cooling coil {3 such air is then cooled to approxi-
mately 50° dry bulb temperature and 40° dew
point.

It will be assumed conditions in an area being
treated are about 50% relative humidity with a
dry bulb temperature of 76°. This is shown at
point E on the diagram. The conditioned air
being discharged through the nozzles 42 into the
units 7 is mixed with a relatively large quantity
of secondary air which is being maintained at
point E. The mixture may therefore be repre-
sented by point D on the diagram, the assumed
conditions being 69° dry bulb temperature and 54°
wet bulb temperature. In passing through the
unit humidifying device 45 the mixture will have
its dry bulb temperature lowered along the line
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of constant wet bulb temperature (D—F). The
amount of decrease in temperature will be regu-
lated by the amount of water which is admitted to
the humidifying device and evaporated in the air
stream leaving unit 7. The air lesving the hu-
midifying device may be represented By point B
on the diagram for a particular load condition
and a particular position of valve &8, it being
assumed here thai such air is at a dry bulb tem-
perature of 63° and a wet hulb temperature of 54°.
The air in entering the area being conditioned
will absorb latent and sensible heat from the ares
in a proportion indicated by the relation betwesn
point ¥ and point E on the diagram. It will he
understood air at condition A may be exterior
air or some proportion thereof may comprise re-
turn air.

Individual control of the conditions in sach
area being treated is obtained by the action of
valve 48 determining the amount of water evap-
orated from humidifying device 65. The posi-
tion of point C on the diagram is shifted as a
function of load conditions on the building or
zone as a whole. As the outside temperature
drops, the amount of after-cooling is reduced so
as to provide a higher temperature at point C
thereby likewise providing a higher temperature
atl point D.

Thermostat {6 resets the control point of ther-
mostat 28. Thermostat 20 regulates valve 23 and
valve 25. When there is a requirement for cool-
ing air, valve 23 is regulated; when there is a
requirement for heating the air, valve 25 is regu-
iated. Dehumidifier 1! is regulated by wet bulb
thermostat 3i and operating switch 84 which
places the device in operation. Thermostat 3
also serves to regulaie damper {2 to determine
the relative quantities of air passed through or
bypassed around the dehumidifying device 1¢.
As exterior temperature decreases, at some point
dehumidifying device i{ will become inoverative
by reason of the low exterior wet bulp tempera,-
ture. Thermostat 29 wiil then regulate valve 27
of preheater 18 to limit the temperature of ex-
terior air enfering the conditioner 4 under such
conditions.

Preferably where unit sprays are used, dis-
tilled water is supplied to such sprays for evap-
oration in the mixture of primary and secondary
air. If it is not desired to use distilled water for
this purpose the wick and pan arrsngement de-
seribed above may be employed. It will be ap-
preciated if a spray device is employed an atomiz-
ing nozzle preferably is used in order to assure
that all water sprayed within the stream of air
is carried therewith; if atomizing nozzles be em-
ployved a drain pan is not necessary.

It will be appreciated all air drawn within
conditioner 4 need not be exterior air. If de-
sired, some portion of the air passing into condi-
tioner 4 may be returned or recirculated air from
the various areas being conditioned.

Only a small quantity of water need be supplied
to each humidifying device permitting the use of
a simplified control valve for no change-over
from summer to winter operating conditions is
necessary.

The present invention permits individual ares
control in a building structure without varying
the air quantity supplied to each area. Tt per-
mits high velocity distribution without danger of
the system being upset or unbalanced due to
operation of dampers in the supply air system.
The present invention provides an air condition-
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ing system which is more economical in initial
cost and in operating cost than systems hereto-
fore employed. It may be employed to condition
inside zones of building structures as well as ex-
terior bays. Air supplied to the ares has = spe-
cific capacity, the evaporation of water thersin
increasing that capacity; hence less air is re-
quired for supply to the area being conditioned
than need be supplied by the usual central sta-
tioning conditioning system.

While I have described a preferred embodiment
of my invention, it will be understood my inven-
tion is not limited thereto since it may be other-
wise embodied within the scope of the foilowing
claims.

I claim: .

1. In an air conditioning system for a building
structure containing a plurality of areas %o be
conditioned, the combination of a conditioner
remote from the areas for dehumidifying and
cooling primary air to predetermined conditions
of humidity and temperature in accordance with
exterior temperature, a plurality of individus}
units disposed in the areas to be conditioned, at
least one unit being disposed in each ares to be
conditioned, conduits for supplying conditioned
primary air from the conditioner to each unit,
means for delivering primary air from the condi~
tioner through said conduits at a static pressure
in excess of Y4’’ water gauge and at a velocity
of the order of 2000 to 3000 feet per minute,
means including a wall having a plurality of noz-
zles positioned in the path of the primary air in
each unit for discharging the primary air in the
unit at a relatively high velocity to induce a sub-
stantial volume of secondary air from the area
being conditioned into the unit to mix with the
primary air, and a humidifying device in the unit
Tor cooling the mixture of primary and second-
ary air.

2. An air conditioning system according to
claim 1 in which the humidifying device com-
prises a spray member to discharge water into
at least one of the air streams in the unit and

© means are provided responsive to room dry bulb

temperature of the rocm to regulate the quan-
tity of water supplied to the spray.

3. An air conditioning system according %o
claim 1 in which the humidifying device includes
a water sump and a plurality of wicks extending
from the sump having their ends disposed there-
in, said wicks being disposed in the path of the
air stream to be cooled.

4. In an air conditioning system for a building
structure containing a plurality of areas to bhe
conditioned, the combination of a conditioner
remote from the areas, said conditioner includ-
ing a dehumidifying element %o dehumidify ex-
terior air and a separate cooling element to coo!
dehumidified air to predetermined conditions of
humidity and temperature, a plurality of indi-
vidual units disposed in the areas being condi-
tioned, at least one unit being disposed in each
area to be conditioned, conduits for supplying
conditioned primary air from the conditioner o
each unit, means for routing primary air through
the conduits at a static pressure in excess of 77504
water gauge and at a velocity of the order of
2000 to 3000 feet per minute, means including a
wall having at least one nozzle positioned in the
path of the primary air in each unit for discharg-~
ing the primary air in the unit at relatively high
velocity to induce a substantizl volume of air
from the area being conditioned into the unit,
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to mix with the primary air, means in each unit
to evaporate water in at least one of the air
streams in the unit and a control device for said
means responsive to the temperature of the area
being conditioned.

5. In an air conditioning system for a building
structure containing a plurality of areas to he
conditioned, the combination of a conditioner re-
mote from the area, said conditioner including
a dehumidifying element to dehumidify exterior
air and a separate cooling element to cool de-
humidified air to predetermined conditions of
humidity and temperature, & plurality of indi-
vidual units disposed in the areas being condi-
tioned, at least one unit being disposed in each
area to be conditioned, conduits for supplying
conditioned primary air from the conditioner to
each unit, means for routing primary air through
the conduits at a static pressure in excess of Yo'
water gauge and at a velocity of the order of 2600
to 3000 feet per minute, means including a
plenum chamber having a wall provided with at
least one nozzle positioned in the path of the
primary air in each unit for discharging the pri-

mary air in the unit at relatively high velocity :

to induce a substantial volume of air from the
area being conditioned into the unit, to mix with

i
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8
the primary air, means in each unit to evaporate
water in ab least one of the air streams in the
unit and a control device for said means respon-
sive to the temperature of the area being condi-
tioned.
6. An air conditioning system according to
claim 5 wherein said plenum chamber includes
bafiles disposed therein.
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