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(57) Abstract

A fluid distribution panel (A) is illustrated, especially for use in a growth chamber (17), utilizing a plurality of
spaced conical surfaces (25) which taper outwardly from a plenum into an enlarged fluid discharged opening (26) for con-
trolling the distribution of air across the plenum with minimal pressure drop or variation.
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FLUID DISTRIBUTION PANEL

Background of the Invention

Diverging conical nozzles have been used in individu-
ally as diffusers or as turbine nozzles and the like.

To distribute alr across an enlarged area, such as
required in growth chambers and the like, it is customary to
utilize a panel having holes spaced across the panel.

Whether holes or other nozzles are provided in the panel, it
is desirable that air be distributed in a predetermined
pattern, usually as uniformly as possible from one end of the
panel to the other. Air flow should preferably be lam;nar
over a relatively large area acrcss the panel. Shcould
openings of equal size and spacing be employed in the panel,
the pressure drop causes the air flow to diminish from one
end of the panel extending across the supply plenum to the
other. It is desirable, therefore, to control the flow of
air so as to equalize its flow across the entire plenum by
minimizing the pressure drop and by minimizing turbuience,
preferably producing flow in the iaminar region or at least
smooth flow in a region of minimized turbuience. 4 growth
chamber, capable of utilizing a panel of the type iliustrated

nerein, is descrited in United States Patent wo. 5,124,903,

rY
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Accordingly, it is an important object of this

invention to provide an air distribution panel wherein fluid
distribution may be controlled through nozzles spaced across
the entire panel or manifold with minimal pressure drop. It
5 1s possibie to vary the size and pattern of the conical,
diverging discharge openings and vary the distribution from

area to area across a plenum.

Summary of the Invention

It has been found that a fluid distribution panel

10 may be constructed utilizing a grid containing spaced
individualized conical mempers having the small end opening
into a plenum or utilizing a block of construction material

such as air entrain

M

¢ material as an expanded polyurethane
foam wherein the spaced conical surfaces taper outwardly into

15 an enlarged fluid discharge opening resulting in minimized

volume air flow across a wide area of the panel.

1y

Srief vescription of the Drawings

Cn

The constructlion aesigned to carry out the in-

20 vention will be hereinafter described, together with otner

&
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features thereof.

The invention will be more readily understood from
a reading of the following specification and by reference to
the accompanying drawings forming a part thereof, wherein an

5 example of the invention is shown and wherein:

Figure 1 1s a sectional side elevation of a growth
chamber equipped with an air distribution panel constructed
in accordance with the present invention,

Figure 2 1s an enlarged perspective view

10 1illustrating an air distribution panel constructed of
expanded polyethylene and the like,

Fi

0g

ure 3 is an enlarged secticnal elevation taken
on the line 3-3 in Figure 2,
Figure 4 is a perspective view illustrating a
15 mculfiex form of panel in & growih chamier environment, and
Figure 5 is an enlarged sectional elevation taken

on the line 5-5 in Figure 4.

Description of a Preferred tmbodiment

The drawings illustrate a fluid daistribution panel
20 A for use in a fiuid distribution plenurn. 4 plurality of

spaced copenings in tne panel are formeo oy & plurality of
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spaced conical surfaces B tapering outwardly in an ever
increasing crossrsection. A portion of each of the conical
surfaces open into the plenum and taper outwardly into an
enlarged fluid discharge opening. Thus, turbulence in a
fluid floﬁing from the source is reduced resulting in a
minimized pressure drop across the distribution panel.
Preferably the conical surfaces have an included angle of
about 7 to about 15 degrees. |

The drawings further illustrate a growth chamber
having & foraminous table 10 for circulating heated air
upwardly therethrough and past plants 11 carried on the table
and thence through a source of heat and light such as pro-
vided by the light fixtures 12. The air then flows through a
receiving plenum 13 and a velosity eliminator 14 into a
plenum 15 containing coils 15a for heating and cooling and
whicn extends as at 15b beneath and across the table 10. &
suitable humidifier 15c¢ and other céhditioning and control
means are provided as desired depending upon the requirements
for the growth chamber. The panel is illustrated at A
containing a plurality of spaced openings therein formed by a
plurality of spaced, smooth, conizal suffaces £ which taper
outwardly in an ever increasing cross section. The lower
portion of eacn of the conical surfaces opens into tnme plenum

anu vapers outwardly into an enila:rsed fluid discherge

BAD ORIGINAL



WO 86/06577 PCT/US85/00947

10

15

20

-5-
opening. Thus, turbulence in the air flowing across the
table is reduced resulting in a minimized pressure drop with
control of air flow uniformly across all areas of the table.

" Referring more particularly to Figures 1 and 4, tﬁe
growth chamber is illustrated as including a base 16 carrying
an insulated housing 17. The growth chamber has a door 18
therein for access by workers into the interior of the growth
chamber, and is partitioned as at 19 providing a compartment
for carrying the velocity eliminator as well as a fan for
removing air into the plenum 15 and the flow path described
above. The table 10 is carried on suitable supports 21 on
either side c¢f the lower extension 15b of the plenum. A
suppeort 22 is provided for carrying the light fixtures 12 for
providing a controlled source of heat and light for the
growth chamber.

Figure U4 best illustrates the table in the form of

a grating 10. A sprinkler system includes & plpe 23 carrying

Ca

nozzles 24, The air districution panel A is illustrated as
being positioned across and beneath the table and forms a
portiocn of the plenwn 1ob. The panel A may be considered as
an upper wall of a plenum or in this instance, an

intermediate wall aiviaing upper and lower portions of a

single plenum.

BAD ORIGINAL
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Figure 3 illustrates a preferred embodiment of the
invention wherein the air distribution panel A is formed from
a block of expanded polystyrene or other suitable lightweight
construction material as may be provided, for example,

5 rthrough air entrainment. The tapered surfaces B are provided
in the panel and have walls arranged preferably at about a 7
to 15 degree included angle. An angle in this range of
divergence provides a natural expansion angle. It is bé—
lieved that angles of divergence from about 5 to 25 degrees

10 would be useful. Although the angle may be expected to vary
from the ideal, the more desirable relationships may be
determined from the formula and method illustrated in Basic

luid hechanics, J&. Lister nobinson, 1963 at pages «95-31.

11

Referring to Figures 2 and 3, it wiil be observed

15 that the opening 25 is relatively smairl zs the conical sur-
faces open into the plenum and taper outwardly in an ever
increasing cross section into a larger opening 26 which
serves a&s a distribution opening. Figure 3 illustrates a
panel made of lightweight construction material. Ardepth cf

20 Y inches with a cone having an opening diverging from 3/8
inches to 1 1/4 inches nas peen founa to give desirecle
results. The ecges of the inner smocti: conical surfaces mew
be ceveledrat Che enirance anu £iit &3 an 25a ana 2ta,

respectively, to minimize eddy currents or other turbulence,

BAD ORIGINAL
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thus increasing the efficiency of the air flow reducing
pressure drop.

Referring more particularly to Figures 4 and 5, it
will be noted that a modified form of the invention is illus-
trated wherein the grid of the panel A for containing the
conical surfaces is supplied by a thin member rather than by
a structural block member. A sheet 27 has a plurality of
spaced openings 28 therein for containing conical members 26
each having a conical surface B therein. It has been found
that suitable cones may be provided in the form of paper

R RN oY
“uo

ot

5 of the type upon which yarn is wound to form packages

m

o
ct

s

e Te

>

y Tl tile industry. The cone preferably extends for
atout one third of its total length intc the sheet 27 as
illustrated in Figure 5.

It is thus seen that an air distribution panel has
been provided containing spaced conical openings which extend
generally normal to the plane of the panel. The openings
diverge from an inner opening in order to provide even flow
across the entire panel. Thus, all areas of a panel may have
corntrellcd unilZorm alr flow. If desired, the air flow may be
controlled such: as to vary the air flow from area to area
across the ranel, This may be done cy varying the size of

the conical elements formed by the conical surfaces. Further

BAD ORIGH A
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control of air flow may be obtained by varying the pattern at
which the conical surfaces are spaced across the panel.

While a preferred embodiment of the invention has
been described using specific terms, such description is for

5 1illustrative purposes only and it is to be understood that
changes and variations may be made without departing from the

spirit or scope of the following claims.
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What is claimed is:

1. For use in a fluid distribution apparatus
having a source of fluid, a fluid distribution panel
comprising:

a plurality of spaced openings in said panel
formed by a plurality of spaced conical surfaces tapering
outwardly in an ever increasing cross section; and

a portion of each of said conical surfaces
opening into said apparatus and tapering outwardly into an
enlarged fiuid discharge opening;

whereby turbulence in a fluid flowing from
said source is reduced resulting in a minimized pressure drop
across said distribution panel.

2. The structure set forth in claim 1 wherein
sald conical surfaces have an included angle of about 7 to
about 15 degrees.

3. The structure set forth in claim 1 wherein
said distribution means is contained in a growth chamber for
distributing air across a growth table.

4, The structure set forth in claim 1 wherein
sald panel includes a grid naving a plurality of spaced
op=rings, and sald conical surfaces being containea in hollow

cone shaped members carried in said grid.
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5e The structure set forth in claim 1 wherein
said panel 1s a thickened block constructed of synthetic foam
and said spaced conical surfaces are formed therethrough.
. 6. For use in a growth chamber having a

5 foraminous table for circulating heated air upwardly
therethrough and past plants carried on said table through an
array of light fixtures past a veloslty eliminator into a
apparatus extending beneath and across said table, the
improvement including:

10 a plurality of spaced conical surfaces in said
apparatus each tapering outwardly in an ever increasing cross
section; and

each of saild conical surfaces copening into
said apparatus tapering outwardly intoc an enlarged fluid

15 discharge opening;

whereby a constant supply of heated éir is
distributed in controlled areas across sald table.
7. The structure set forth in claim 6 wherein
said conical surfaces are formed in a block of air entrained

20 material.

g. A fluid distribution panel comprising:
a bicck of construction material;

a plurality of spaced openings in said block
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formed by a plurality of spaced conical surfaces tapering

outwardly in an ever increasing cross section; and
a portion of each 6f said conical surfaces
opening into a supply of fluid and tapering outwardly into an
enlarged fluid discharge opening;
| whereby turbulence in fluid eminating from
said supply is reduced resulting in a minimized pressure drop
across sald distribution panel.
9.  The structure set forth in claim 8 wherein
said conical surfaces have an included angle of about 7 to

about 15 degrees.
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