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1 Claim. (Cl. 257-124) 

The present invention relates to a ceiling plenum air 
conditioning system and more particularly to a prefabri 
cated ceiling tile unit de?ning an interior plenum chamber 
and including a heat exchanger having a perforate back 
ing plate de?ning a diffusion surface. 

In order to obtain greater uniformity of heat distribu 
tion Within an enclosed habitable space, it has been pro 
posed that heated or otherwise conditioned air be intro 
duced into the space through perforate ceilings. The 
method of air-conditioning utilizing such a perforate ceil 
ing includes the conditioning or heating of the air at a 
point remote from the enclosed space, the conveyance of 
this conditioned air to plenum chambers or spaces above 
the perforate ceiling, and then the passage or ei?uence of 
the air to the space to be conditioned through the ceiling 
itself. 
The present invention now provides an improved form 

of ceiling plenum air-conditioning system wherein the air 
is heated or otherwise conditioned as it is diifused through 
the perforate ceiling into the space to be heated. More 
particularly, the present invention includes a plate and 
tube-type heat exchanger having a backing plate which 
is in greater than semi-peripheral contact with a heat ex 
change ?uid conduit, preferably in the form of a sin 
uous tube having straight reaches thereof secured to the 
plate by deformation of the plate into contact therewith. 
The passage of heat exchange ?uid through the tube will 
serve to heat or cool the backing plate which then pro 
vides a heat radiating or air-conditioning surface. In 
the present invention, the surface is apertured and air 
from the plenum chamber is passed through the apertured 
backing plate for diffusion into the space to be condi 
tioned. 

In the formation of a ceiling air-conditioning system, 
the heat exchanger preferably forms an integral part of 
a relatively shallow ceiling tile unit including a perforate 
backing plate bearing the heat exchanger conduits and 
having integral upturned marginal ?anges which de?ne 
relatively shallow pans. Preferably, sound absorbent 
material, in the form of prefabricated ?ller blocks, are 
carried by the pans intermediate the depths thereof to 
de?ne a plenum chamber lying between the sound ab 
sorbent blocks and the heat 

spaced rows with the spaces 

utilized for the introduction of air from a desired fresh 
air source, air passing through the passages between the 
row of tile units and ?owing into the plenum chambers 
which communicate therewith. Adjustable valve means 
are provided to control the ?ow of air into the plenum 
chambers, and air from the plenum chambers will be 
diffused downwardly through the radiant backing plate 
into the space to be heated. Air within the plenum cham 
bers is heated by radiation from the backing plate, and 
further heating occurs upon passage of the air through 
the perforate backing plate itself. Sound from the space 
to be heated is absorbed by the sound absorbent blocks 
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disposed within the tile units, so that 
air-conditioning and sound absorption is obtained. 
Of course, it will be appreciated that the present inven 

tion may also be utilized as an air cooling system during 
the summer months with a refrigerant or similar coolant 
being circulated through the heat exchange fluid conduits. 
In this manner, year-around utilization of the ceiling is 
possible for improved air conditioning under any adverse 
weather conditions. 

It is, therefore, an important object of the present in 
vention to provide an improved ceiling plenum air-condi 
tioning system utilizing a perforate heat exchange plate as 
a diffusion medium. . 

Another important object of the present invention, is 
to provide a ceiling tile unit de?ning an interior plenum 
chamber for the reception of air from a source and hav— 
ing a perforate heat exchange surface de?ning a diffusion 
medium for accommodating the passage of air from the 
plenum chamber into a space to be heated. 

It is a further important object of the present invention 
to provide a ceiling tile unit in the form of a relatively 
shallow pan having a sound absorbent material disposed 
therein in spaced relation to the pan bottom to de?ne 
a plenum chamber therebetween for the reception of air 
from a source and the pan bottom being perforated for 
accommodating the ?ow of air therethrough from the 
plenum chamber to a space to be conditioned. 

Still another important object of the present invention 
is to provide a ceiling plenum air-conditioning system in 
cluding a plurality of ceiling tile units each providing a 
plenum chamber communicating through a perforate heat 
exchange surface with a space to be conditioned, and 
air?ow spaces between adjacent tile units and communi 
cating with a source of fresh air and the plenum cham 
bers for introducing air into the plenum chambers for 
later diffusion through the heat exchange surface into 
the space to be conditioned. 

Other and further important objects of this invention 
will be apparent from the disclosures in the speci?cation 
and .the accompanying drawings. 
On the drawings: 
Figure 1 is a fragmentary plan view of a ceiling plenum 

air-conditioning system of the present invention; 
Figure 2 is a plan view of an individual tile unit of 

the present invention; 
Figure 3 is a fragmentary, greatly enlarged sectional 

view taken along the plane III—III of Figure 1; 
Figure 4 is a fragmentary sectional view taken along 

the plane IV——IV of Figure l; and 
Figure 5 is a schematic illustration of an air-condition 

ing system of the present invention illustrating the flow 
of air through the system. 
As shown on the drawings: 
In Figure 1, reference numeral 10 refers generally to 

a ceiling plenum air-conditioning system adapted to be 
secured to a ceiling sub-structure of an enclosed habitable 
space. 

More particularly, the ceiling of Figure 1 is composed of 
a plurality of individual prefabricated composite tile units 
11 as best illustrated in Figures 2-4, inclusive. Each tile 
unit 11 takes the form of a relatively shallow tray having 
a bottom wall 12 and upstanding marginal side ?anges 13 
extending along the longer longitudinal sides of the tray 

a dual function of 

and transverse upturned side ?anges 14 extending along’ 
the shorter sides of the trays and slotted as at 15 (Figure 
2). The bottom wall 12 of each tray 11 is perforated, 
as at 16, the perforations being of any desired shape and 
either being merely punched, as illustrated, or punched. 
and drawn (not shown), if desired. 
The bottom walls 12 are also provided with grooves 17 

14 with the slots 15 hereto 
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straight portions: only: of. awsinuous length of heat ex 
changer tubing 18, joining portions, 19. of... the tubing. 
length extending laterally beyond the edges of the bottom 
wall or plate 12, so that it is_not necessary to provide a 
sinuous’ groove 17.. Those portionsof bottom plate. 12 
adjacent the tube groove 17 are deformed inwardly so 
that the plate 12 is in greater than semi-peripheral con 
tact with the'outer surface of :the tube 18 along the entire 
length of the tube contacting the‘ plate, these plate de 
formations being indicated generally at 191a (Figure 3). 
It will be seen that the. slots 15 accommodate the exten 
sion of the joiningturns‘19 of‘ the sinuous tube length 18 
beyond the con?nes of the plate, and it will be seen. that 
there is no interference between the plate end ?ange '14 
and the tubing. Similarly, it will be seen that the tube 18 
and the plate groove 17 ‘ extend into. the interior of the 
tray so that a substantially smooth tray undersurface is 
de?ned by the lower wall 12. 

Intermediate the depth of‘ the tray, the longitudinal 
?anges 13 carry seating members 29 in the form of 
right-angle brackets welded, brazed, or otherwise secured 
to the inner surfaces. of the ?anges and having an in 
turned upper leg 20a extending in spaced, substantially 
parallel relation to the bottom plate 12. The angle 
brackets 20 support a prefabricated, generally rectangu 
lar block 21 of sound absorbent material having its under 
surface 21a resting uponv the angle bracket legs 29a so as 
to extend in parallel spaced relation to the bottom plate 
12. The blocks 21 are preferably sealed about their 
vertical edges, as at 22, to each of the ?anges BT14 of 
the tile units 11. In this manner, the space A between 
the under surface of the block 21 and the bottom plate 
12 is sealed along its upper extremity. 
Inasmuch as the space A is sealed from the atmosphere 

thereabove by the sealing material 22 enclosing the block 
21, the only communication of this space with the atmos 
phere is through the plate 12, so that the space A thus 
de?nes a plenum chamber directly overlying the plate 12 
and communicating with the space therebeneath through 
the perforations thereof. Ingress to the plenum chamber 
A is provided by means of a plurality of slots or aper 
tures 23 formed in those portions of the ?ange 14 com 
municating with the space A. A control for the ingress 
of air into the space A is provided by a valving element 
24 de?ned by those portions of the ?ange 14 severed to 
provide the slots 23. It will be seen that the slots 23 are 
de?ned by generally three-sided incisions formed in the 
?anges with the severed ?ange portion being de?ectablc 
along its line of juncture with the ?ange. The degree of 
de?ection of the portion 24 controls the amount of air 
introduced into the space A and thereby the amount of 
air which is provided for diffusion through the plate 12. 

It will be seen from Figures 1, 4 and 5 that a ceiling 
air-conditioning system is preferably formed by the as 
sembly of a plurality of tile ‘units of the present invention 
in longitudinally aligned, transversely spaced rows. 
More particularly, a plurality of units 11 are assembled 
to de?ne one row of tile units, and a plurality of addi 
tional units 11 are assembled in spaced relation to the ?rst 
group of units to de?ne a second row. The space 25 
lying between the rows of units de?nes a duct common 
to both rows of units, and this duet preferably communi 
cates with a primary duct 26 which in. turn communicates 
with a source of air under'di?erential pressure. The ducts 
25 de?ned between adjacent rows of units 11 are provided 
by an imperforate dummy plate 27 having upturned 
lateralside ?anges 28 which are so dimensionedasto‘be 
insertableinto the space between adjacent rows of units 
11. The dummy plate '27, being imperforate, ‘merely 
serves to con?ne air‘ to the/duct 25 and air from the duct 
is permitted ingress into the plenum chambers A ofthe 
units on each side thereof throughthe slots ‘23 and-the 
partially or completely-opened valving ‘elements 24 there 
for. In this manner, ‘air from the ducts is introduced 
into the plenumchambers vfor escape therefrom through 
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4 
the perforate plates 12 which therefore serve as di?usion 
slatesv uniformly spreading air from the. plenum chambers 
across the entire surface area of the plates. 

Further, the diffusion plate 12 serves as a heat exchange 
surface for conditioning the air by radiation and convec 
tion, the air being ?rst conditioned while in the chamber 
A and being further conditioned upon passage through 
and intimate contact with the plate 12. The heat ex 
change properties of the plate 12 will be readily appre’ 
ciated by those skilled in the art, inasmuch as the plate is 
in extended, greater than semi-peripheral surface contact 
with the heat exchange tubes 18 which are. adapted for 
connection to the source of heated or refrigerated heat ex 
change ?uid, as desired. 
The different sinuous tubes 18 of adjacent rows of tile 

units are interconnected as best illustrated in Figures 1 
and 4, so that a constant ?ow of heat exchange ?uid 
throughout the system is possible. More particularly, 
the terminal portions 18a of the. tubes 18 extend beyond 
the con?nes of the plates 12, and these portions 18a‘. of. 
adjacent tile units are connected by means of couplings 
28 which accommodate ?uid ?ow between the various. 
units. 

It will be appreciated that the system of the present 
invention is capable of year-around use, depending. upon 
whether the heat exchange ?uid. ?owing through the 
conduits 18 is heated or refrigerated. If the ?uid is. 
heated, the plate 12 acts as. a radiation surface and air. 
pasSlTlg through the di?fusion plate and also contained. 
within the plenum chamber A will be heated. On the. 
other hand, if the heat exchange ?uid ?owing through 
the tube 13 is a coolant, a cooling eltect is exerted upon 
air within the plenum chamber A and passing through 
the diffusion plate 12. 
The sound absorbent properties of the block 21 also 

serve to dcaden sound within the space to which air is 
being supplied to the diffusion plate 12, and the block 
21 serves to isolate the plenum chamber A, so that ?ow 
therethrough is effectively directed through the plate, 12. 
The absorbent block 21 may be of any desired sound. 
absorbent material, numerous examples of which are well 
known in the art. For example, a low-density cement: 
aggregate mixture. or ceramic material having appronri. 
ate porosity for eftectivc sound absorption, good fusacity. 
{or water vapor, and good thermal insulating value may 
be employed. However. it is metered that the material 

' This. material. is. an known. as Microporite be utilized 
iiiéiurated hydrous ale-inn! silicate which is fully dis: 
clcsedip U. l’eteut No. 1,932,971‘ . 
‘Where a material having Water vapor fugasxty urea. 

ertiesuis utilized, the block 21 also serves to automatically 
dehumidity air Passing through the Plenum shaming! A. 
S51E55 an additional, advantage is thereby» obtuse}. 
Convéntichataieccnditiegius Controls may he utilizsqin 
cciiiuiiétiéli with the apparatus of the present invests?! 
so ‘that truly eiisetive send. Quins attain may be 911. 
tained. In order to install the tile units of the 9%??? 
invention upon a Subssiling sewers, flirting StE-{RS E0 
which the ?anges 13 and 14 are. stashed may be utilizes. 
aé'is'wé? Rnb'wh in the are er the ?anges .1?’ anti leery 
terminate inu?ushn relation with the upper extremity ‘of 
the‘ acoustic block 21, so that the units may be attached 
to the ceiling by ‘means of an adhesive secured to the 
block 21 as is well lgnown 1n the sound absorption art. 
The advantages residing in applicant’s invention will 

be readily appreciated ‘by those skilled in the art, par 
ticularly since applicant prov-ides means for conditioning 
air from a‘ source as the air is passed through a plenum 
chamber and a diffusion surface. Thus, thcreis no heat 
loss or heat gain during passage of the pair from its source 
to the diffusion plate, thus greatly increasing the air con 
ditioning e?iciency of the entire system. ' Furthendhe 
presentiinvention combines its air—c0nditioning functions 
with sound absorption and automatic airdehumidi?caq 
tion. Further, the provision of prefabricated composite 
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tile units makes possible the obtaining of these three func 
tions by means of a single installation, while the uti1iza~ 
tion of standard size units makes possible the adaptation of 
the system to any type of existing or newly built sub 
ceiling structure. 

It will be understood that modi?cations and variations 
may be effected without departing from the scope of 
the novel concepts of the present invention. 

I claim as my invention: 
In a ceiling plenum air-conditioning system, a plu 

rality of rows of conditioning units, each unit compris 
ing: a rectangular sheet metal pan having upstanding side 
and end walls and having a perforate bottom Wall de 
formed to provide a plurality of grooves in spaced paral 
lel relation to each other and to said side walls, a length 
of heat exchange tubing extending sinuously on said 
bottom wall and including straight portions in said 
grooves and curved connecting portions projecting be 
yond said end walls with each end of said length of tub 
ing also projecting beyond an end wall of said pan, and 
a block of sound absorbent material supported in said 
pan in spaced relation above said bottom wall and 
extending continuously over the entire cross section of 
the pan between the upstanding side and end walls thereof, 
said block having vertical edge surfaces sealed to said 
upstanding side and end walls to de?ne therewith a plenum 
chamber sealed along its upper extremity, said units being 
disposed in aligned side-by-side relation in said rows with 
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the end walls of the units of each row in spaced relation 
to the end walls of the adjacent rows, a plurality of im 
perforate plates coplanar with said bottom walls of said 
units and extending between the end walls of the units of 
each row and the end walls of the units of the adjacent 
rows, means disposed above said plates for interconnect 
ing the heat exchange tubing of the units, said plates 
cooperating with said end walls to de?ne air ducts be 
tween the rows of conditioning units and space for said 
connecting portions of the lengths of tubing with said 
plates being removable from below to provide access to 
said tubing interconnecting means, and each of said end 
walls being apertured to provide communication be 
tween said air duct and the plenum chambers of the 
units. 
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