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Description
Background o_f the Invention

This invention relates generaily to controlled
environment chambers, and has particular refer-
ence to an improved construction for a clean room
module air conditioning unit.

With the growth of high technology industries,
the need for contamination free work areas has
greatly increased. This has led to the development
of completely enclosed work areas, known as clean
rooms, in which the environment is closely con-
trolled to rid the ambient air of contaminants. Here-
tofore, most clean rooms have been built on site
and this had led to inefficiencies and other prob-
lems.

More recently, modular type clean rooms have
been developed wherein the principal components
of the room are prefabricated at the factory and
then are assembled on site. The modular construc-
tions are more efficient and have fewer problems
than the completely on site constructions but some
problems do remain. An example of a modular type
clean room is disclosed in U.S. Patent No.
4,409,889, issued October 18, 1983 to M. L. Bur-
leson. A prefabricated knockdown clean room is
disclosed in U.S. Patent No.4,267,769, issued May
19, 1981 o G.B. Davis et al.

It has also been described in US-A-1,749,763
an unit in which by-pass air and make-up air are
mixed and fed to an air conditioning elements.
Nevertheless, it does not feed the by-pass air to an
inlet of a fan or blower, but to a chamber following
the blower. Thus, there is no attempt to maintain a
constant volume air flow through the air condition-
ing elements. Furthermore, there is not attempt to
automatically control the make-up air damper.

Other patents noted in a preliminary search are
U.S. Patent Nos. 2,559,654 ; 3,505,989 ; 3,601,031
; 3,766,844 ; 4,044,772 and 4,202,676.

SUMMARY OF THE INVENTION

The present invention provides a self-support-
ing, selfi-contained air conditioning unit according to
claim 1, connected with a clean-room module hav-
ing all of the equipment necessary for maintaining
the temperature, humidity and pressurization that
are required for the work space within the room.
This air conditioning unit can be easily incorpo-
rated in the module as a whole.

An important feature of this unit, not found in
any of the prior art cited above, is the provision of
two independent air system or paths whereby only
a portion of the recirculating air need to be con-
ditioned as will be explained in greater detail
hereinafter. This original feature of the air con-
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ditioning unit saves energy and gives better operat-
ing control.

The invention also relates to a clean room
module combining a self-contained conditioning
unit disclosed above. This conditioning unit may be
a component of the entire unit or separated for
other uses. This clean room module is factory built
rather than built on site, and then precise quality
control can be achieved and each module can be
thoroughly tested before shipment. This obviously
is advantageous to the end user who can avoid the
problems and inefficiencies of a field erected, one-
of-a kind clean room.

An important feature of the invention, not found
in any of the prior art cited above, is the provision
in the module of its own sealed base unit. This
base unit permits the module to be moved or
relocated without having to be disassembled and
also insures that the module will have a completely
sealed sump area beneath its floor. Obtaining such
a sealed area or plenum is difficult when the clean
room is constructed or assembled on site.

An important object of this invention therefore
is to provide a modular clean room, which will be a
self-contained unit, with all the mechanical equip-
ment necessary to conirol the air temperature, hu-
midity, pressurization and cleanliness inside the
space provided.

Another object of this invention is to provide a
mobile modular clean room the base unit of which
will include casters that can be cranked up and
down to enable the invention fo be rolled into
position and set into place.

Another object of this invention is provide a
modular clean room which will be so designed as
fo meet or exceed the U.S.A. Federal Standard
2908B for a Class 100 Clean room. This means that
there can be no more than 100 particles 0.5
microns in size and no more than four particles 2.0
microns in size per cubic foot (i.e. per 0.028 cublic
meire).

A further object of this invention is o provide a
modular clean room which will be so designed as
to have its return floor plenum sealed underneath
and epoxy coated to contain any chemical spills
through the unit's perforated raised tiles.

Another object of this invention is to provide a
modular clean room that can be moved or re-
located as a complete unit, it only being necessary
to disconnect eleciric, water and drain lines.

Other objects are to provide a mobile modular
clean room, which is simple in design, inexpensive
to manufacture, rugged in construction, easy to use
and efficient in operation.

Yet another object of this invention is to pro-
vide modular clean rooms which can be joined to
one another to form a multiple unit clean room with
a minimum of labor and without extensive or com-
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plexe modifications.

It is still another object of this invention to
provide such modular clean rooms whose air con-
ditioning units can be connected together in a
master/slave configuration to ensure uniform pres-
sure, temperature, and humidity conditions in a
multiple unit clean room.

These and other objects, will be readily evident
upon a study of the following specification and the
accompanying drawings, wherein :

Brief Description of the Drawings

Fig. 1 is a perspective view of the present
invention, shown partly broken away ;

Fig. 2 is a diagrammatic end elevational view,
taken from the right end of Fig. 1

Fig. 3 is an end elevational view of the opposite
end of Fig. 1 ;

Fig. 4 is a fragmentary rear elevational view of
Fig. 1, shown partly broken away.

Fig. 5 is similar to Fig. 2, but is modified to
include access or inspection covers;

Fig. 6 is a front elevational view of Fig. I;

Fig. 7 is a perspective view of a modified form
of the invention, shown partly broken away;

Fig. 8 is a perspective view somewhat similar to
Fig. 7. illustrating the side walls and the top
partly broken away;

Fig. 9 is a perspective view of another modified
form of the invention, illustrating a stand-alone
air conditioner, which is optional;

Fig. 10 is a fragmentary perspective view of a
further modified form of the invention, illustrating
a composite grouping thereof;

Fig. Il is a schematic drawing illustrating the
arrangement and operation of the air condition-
ing unif;

Fig. 12 is a perspective view, partly in ghost and
partly cut away, of a group of modules of this
invention configured in a master/slave arrange-
ment; and

Fig. 13 is a sectional partial view of a corner
post, side panel and end panel of the module of
this invention.

Description of the Preferred Embodiments

Having reference now to the drawings, and with
particular reference to Figs. [-4, the clean room
module of the invention is essentially comprised of
a base unit 15, a ceiling unit 16, a front wall 17, a
side wall 18 and a back wall 20, Fig. 6, which abuts
the inside panel or back wall of the air conditioning
unit indicated generally at 2. An access door 22 is
provided in the front wall 17 and, if desired, the side
wall I8 can be provided with windows 24, Figs. |
and 6. The other side wall of the module can be
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formed by a panel shown fragmentarily at 25 in
Fig. I; however, if this side of the module is con-
nected to a like module to provide a larger work
space, the side will be left open for communication
between the two as shown in Fig. 7.

The base unit 15, Figs. 1-4, comprises a sheet
metal bottom 26 and four sheet metal side walls 27
that are welded together to form a sealed box-like
receptacle that serves as an air and water tight
sump area. The module floor is comprised of per-
forated tiles 28, Fig.l, that are spaced above the
bottom 26 of the base unit and supported by
transversely extending steel strips 30 that are in
turn supported by truss-like members 3l. Because
the base unit is self-contained with its own sealed
bottom and side walls, the complete module can
be moved or relocated as required. To increase the
mobility of the module, the base unit can be pro-
vided with casters 32 that can be raised or lowered
by conventional crank means (not shown).

The ceiling unit 16, like the base unit 15 has a
hollow chamber or plenum, the unit including a top
panel 34 to which are secured four depending side
panels 35 in an airtight manner. A filter block 36 is
spaced below the top panel 34 as best shown in
Fig. 8 whereby a plenum chamber 37 is formed
between the block and panel. The ceiling unit is
entirely supported by four columns, one in each
corner, such a column being shown at 38 in Figs. |,
7 and 8. With this construction, the side walls are
not load bearing and can be removed as necessary
when connecting two or more modules together.

As indicated in Fig. 1, the interior of the module
or work space may be provided with a sink 40,
storage cabinets 4! or any other needed equip-
ment.

The air conditioning unit 21, Figs. |, 2, 4 and 9,
is an upstanding, self-contained unit which abuts
the back wall 20 of the module interior. The top of
the air conditioning unit is in communication with
the ceiling unit plenum chamber 37 and the bottom
of the unit is in communication with the interior of
the base unit 5 as will be described in more detail
hereinafter. A shelf 42 in the air conditioning unit
supports recirculating fans 44 which are driven by
a motor 45. These fans direct the recirculating air
into the ceiling unit plenum 37 as shown by arrow
46, Fig. 4.

The air conditioning components are located
below the shelf 42 and comprise a compressor 47,
a condenser 48 and the make-up air components
49 including a make-up air fan 50, a reheat coil 5l
and a DX coil 52, all fo be described in more detail
below. Also located in this area of the air condition-
ing unit are a humidifier 54, the power supply 55
and a controls recorder 56. Between the compo-
nents just listed and the back wall of the air con-
ditioning unit there is an enclosed vertical air duct
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57, Fig. 4, through which return air from the base
unit sump is drawn upwardly by the fans 44 as
indicated by the arrows 58. The air duct is also in
communication with the make-up air components
49 as indicated by the arrows 60.

The exposed side of the air conditioning unit 2|
is normally closed by a wall or panel 6] shown in
Figs. 7 and 9 and fragmentarily in Figs. | and 2.
This wall has a smaller removable panel 62 that
permits access to the air conditioning components.
Alternatively, the air conditioning unit can be pro-
vided with hinged, louvered access doors 64 as
shown in Fig. 5.

Reference is now made to Fig. I which is a
schematic drawing that illustrates the operation of
the air conditioning unit 2| and its relationship to
the remainder of the clean room module. As in-
dicated in Figs. I, 2 and 3, the air conditioning
components are all actually located within the con-
fines of the unit. In operation, the recirculating air is
continuously blown through the interior of the clean
room module by the fans 44, the air entering the
ceiling unit plenum 37 and then passing down
through the filter block 36 into the room. Because
the air is under positive static pressure, it flows
downwardly through the room in a vertical laminar
flow. At the bottom of the room, the air passes
through the floor tiles 28 and into the sump area of
the base unit 15. From thence the air flows through
an opening 65, Fig. ll, into the return air duct 57
which directs the air upwardly to the intake side of
the fans 44. Before entering the fans, the air
passes through recirculation prefilters 66.

As the air passes through the return air duct
57, a portion of it is drawn into the air conditioning
system where it is combined with a certain amount
of make-up air which, because of room exhaust
and leakage, is needed to maintain room pres-
surization. This combined air flow is then blown
through cooling and reheating coils by a make-up
air fan. The conditioned air is then reinjected into
the recirculating air stream.

The portion of the recirculating air that is drawn
into the air conditioning system passes through a
spring loaded, weighted backdraft damper 67 into a
by-pass air conduit 68 that takes it to the make-up
air fan 50. The make-up air enters the system
through a conduit 70, passes through a prefilter 71,
damper 8! and then is drawn into the fan 50 where
it is combined with the by-pass air. The combined
air flow is blown by the fan through the DX coil 52,
the latter being a cooling coil that removes mois-
ture from the make-up air. As shown in Fig. I, the
DX coil 52 is connected to the compressor 47 and
condenser 48 through a suction throttling valve 72
and expansion valve 74, respectively, the operation
of all of these and other commercially available
components being well known.
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The combined air flow that passes through the
DX coil 52 is thereafter blown in part through the
reheat coil 51 and in part through by-pass dampers
75 on the coil depending on the temperature of the
air, the control settings, etc. From the coil 51 and
dampers 75, the conditioned, combined air flows
into a conduit 76 that takes it back into the return
air duct 57 just upstream of the prefiliers 66 as
shown, the conditioned air being injected into the
recirculating air stream at this point.

The temperature in the clean room is con-
trolled by the temperature of the air leaving the air
conditioning system, just described. To this end, a
dry bulb sensor 77, Fig. ll, is located in the return
air duct 57, and this sensor fransmits a signal to
the controller 56 which signal is in proportion to the
return air (room) temperature. This signal is ana-
lyzed by the controller with respect to the set point
and the controller sends an ouiput signal to a
control element 78 on the by-pass dampers 75. By
regulating the amount of conditioned air going
through or bypassing the reheat coil 51, the leaving
air temperature of the conditioned air flow is varied
to meet the controller's set point condition.

The humidity in the clean air room is main-
tained by regulating the amount of moisture taken
out of or added to the combined air stream. Thus,
a sensor 79 located in the leaving air stream of the
DX coil 52 sends a signal to the controller 56 which
modulates the suction throttling valve 72 in the
refrigeration lines to maintain setpoint. This setpoint
is selected as the upper limit of the room dewpoint
at saturated air conditions, i.e. so that dry bulb
approximately equals wet bulb and dewpoint. The
setpoint will control the refrigeration system fo
maintain maximum leaving air temperature and
therefore the maximum amount of moisture in the
air.

The steam generating humidifier 54, Fig. I
adds moisture to the recirculating air stream there-
by controlling the minimum level of humidity. Hu-
midity sensor 80, through controller 56, controls
humidifier 54 to add the proper amount of moisture
for maintaining set point conditions. The range be-
tween minimum and maximum is termed the hu-
midity tolerance. A relatively wide iolerance con-
serves energy because it allows the clean room
humidity to float without refrigeration or steam en-
ergy. Closer tolerances require more energy. For a
very close tolerance, the refrigeration must be set
up to subcool the air slightly below the design
dewpoint and then the steam humidifier 54 must
continuously add moisture to hold the folerance.

The pressurization in the clean air room is
maintained by controlling the amount of make-up
air that is drawn into the make-up air fan 50, Fig. Il
of the air conditioning unit. This air, as noted
above, combines with a certain amount of bypass
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air from the recirculating air stream to maintain a
constant air flow through the DX refrigeration coil
52. This prevents frosting of the coil and loss of
efficiency.

The amount of make-up air is regulated by a
damper 8l that can be either manually or automati-
cally conirolled. A sensor 82 located in the clean
air room immediately below the filter block 36
sends a pneumatic signal to a pressure gauge (not
shown) located in the air conditioning unit and
continuously indicates the room static pressure.
The damper 8| can be manually set to any pres-
sure. If automatic operation is desired, the pneu-
matic signal is also sent to the controller 56 which
then automatically controls the make-up air damper
8! to hold set point by means of a damper motor
84.

The controller 56 is preferably an electronic
unit that senses not only the room static pressure,
but also the rate of change of the room static
pressure. The controller 56 includes a continuously
variable adjuster to move the make-up damper 8l
in accordance with both the detected differential
static pressure and the detected rate of change of
static pressure. With this system, the differential
pressure between inside and outside air is easily
maintained within £0.02 inches (x 0.51 cm) of water
of the set point, typically * 0.10 inches (x 0.25 cm)
WC.

Referring now to Figs. 7 and 8, these drawings
illustrate how two clean room modules can be
joined to form a double unit having twice the work
space of a single unit. The Fig. 7 module is, except
for its base unit 15a, essentially like the module of
Figs. -4 having a ceiling unit [6a, a front wall |73, a
side wall 18a and a back wall 20a abutting the air
conditioning unit 2la. The Fig. 8 module is in effect
a mirror image of the Fig. 7 module so that the
open back sides of the modules can be brought
into registering engagement with each other o
double the area of the work space.

As shcwn in Figs. 7 and 8, the base units I5a
and 15b of the mating moduies are recessed at 85
and 86 respectively so that the modules can be
"wrapped around" existing floor mounted fixiures
or vibration isolated equipment such as electron
beam units. Stated another way, an existing floor
mounted fixture can be received in the space de-
fined by the base unit recesses 85 and 86 which
recesses can be shaped as required to fit around
the particular fixture. With respect to Figs. 7 and 8,
it should also be noted that in this kind of arrange-
ment one module can be a master and the other
module a slave meaning that the latter does not
have its own air conditioning unit but receives its
conditioned air from the master.

Fig. 9 illustrates the air conditioning unit as a
free standing, independent unit 2lc that can be

10

15

20

25

30

35

40

45

50

55

utilized for other types of clean rooms or the like.
The unit 2lc includes a discharge duct 87, or the
discharge duct may optionally be located at 88.
Likewise, the return air duct may be located at 90
with knockout 9l being provided for an alternative
return air connection. Knockout 92 is provided for
supply air to adjacent units.

Fig. 10 illustrates a multiple module arrange-
ment in which twelve clean room modules are
connected together to form a relatively large clean
room area. The drawing also illusirates the versa-
tility of the modules since it shows the different
ways in which they can be joined with one another.
The multiple arrangement includes at least one
access door 94 which may open into a gowning
room 95. Windows 96 are provided as necessary,
and for convenience one or more passthroughs 97
can also be provided.

Fig. 12 illustrates a multiple clean room assem-
bly formed of three adjacent modules disposed
side by side, with the central module functioning as
master and the adjacent modules serving in a siave
capacity. One of these modules (identified with
double-primed reference numbers) is shown only in
ghost lines so as to minimize drawing clutter. Here,
the modules are joined with their air conditioning
units 2!, 2I' and 2| adjacent one another. The
central module air conditioning unit is of dual coil
configuration, with two DX coils 52, two reheat coils
51, two by-pass dampers 75, and two make-up air
control dampers 8! defining two parallel air con-
ditioning paths. These are both controlled by a
single controller 56. The output side of the by-pass
dampers 75 and reheat coils 5l feeds the con-
ditioned air into a generally wedge-shaped distribu-
tion chamber 98 that connects through an opening
99 at a central part of the air conditioning module
into the return air conduit 57 where it flows through
the prefilters 66 and thence into the main recir-
culating fans 44 which feed the recirculated air into
the ceiling unit plenum 35. The wedge-shaped dis-
tribution chamber 98 also feeds the treated air
through corresponding wedge-shaped openings
(corresponding to knock-out 92), to the distribution
chambers of the slave modules through corre-
sponding wedge-shaped knock-out openings 92’
and 92”. In this configuration only the central mod-
ule air conditioning unit 2| (shown with cover re-
moved) is used to dehumidify, cool, reheat, and
control the pressure for all three modules. All three
modules employ their own recirculating air systems
to maintain the laminar vertical clean air flow in
each module but the central or master module air
conditioner 2! supplies the treated, temperature,
humidity, and pressure conirolled air to the main
recirculating fans of all three modules. The control
56 of the central master air conditioner 2| only is
functional.
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In this arrangement the side wall panels I8 or
25 are removed from the central or master module,
and one side wall panel I8 or 25 is removed from
each of the slave modules, so that they can be
joined. Gaskets disposed along the corner columns
38 and at the base and ceiling units 15,16 compress
together to form a seal when the modules are
connected. Bolts or other fasteners can be passed
between abutting side walls of adjacent ceiling and
base units of the master and slave modules to
connect the modules together. The slave module
air conditioning unit 2I' here is shown as a standard
module with doors in place. A slave module does
not contain any of the air freatment and make-up
elements, but is provided with only the recirculating
fans 44 and associated ducts and filters.

The rigid side and front walls are removably
connected to the corner columns 38 as generally
shown in horizontal cross section in Fig. 13. Here
the side wall panels 18 or 25 and the front panel 17
are each formed of a rigid panel and a surrounding
mounting frame formed of an extruded aluminum
"h"-shaped channel member 100. The panel 25 or
18 itself fits into a channel 101 defined between two
flanges 102 and abuts a gasket 103 to form a sealed
entity. An outer flange 104 then projects around the
periphery of the column 38, and is fastened against
the column 38 with a gasket 106 compressed be-
tween the channel 100- and the column 38. These
elements are easily fastened together with machine
screws 108. The top edge and bottom edge of the
panels 25, I8 and 17 are fastened to the module
base unit I5 and ceiling unit [6 in similar fashion.

When two or more modules are to be com-
bined, it is a simple matter to unscrew the facing
panels and join the modules together with the
panels removed. Because the panels are not load
bearing, the modules maintain their structural integ-
rity when one or more panels are removed, so the
modules can be moved together on their casters,
with their panels removed, to facilitate their com-
bination.

The air conditioning circuit including the make-
up air fan 50, the DX Coil 52, the reheat coil 5l and
the by-pass damper 75 and return duct 98 or
conduit 76 handles a constant volume of air per
unit time, the volume being the sum of bypass air
68 plus make-up air 70. This volume constitutes
only a fraction of the total recirculated air, typically,
between 5% and 20%. Because only a small part
of the total circulated air passes through this loop,
the DX coil 52 can cool at full capacity for more
efficient operation; the coil 52 need not be held at
the much higher room interior dry bulb temperature
but can be much cooler. Another benefit of the
partial recirculation of the air is the ability to hold
room temperature (typically = 0.1 to £ 0.4 degrees
F -i.e. +or 0.06 to £ 0.22 degrees C), even with the
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DX coil temperature variance ranging * 2.0 de-
grees - * LI degree C -or more.

Preferably, the reheat coil 5l receives its heat
from the heat absorbed in the DX coil 52. This
avoids the need for a separate electric heater.

The modular clean room of this invention has
the advantage of being factory assembled, pre-
packaged and pre-tested. The modular unit can be
simply connected to electric, water, and drain and
turned on ready for use. If there is any residual
dust, it will purge out in a short interval of time.
Field certification is usually unnecessary, depend-
ing on local regulations, because the built-in air
conditioning is pre-tested and factory certified.
Modules constructed according to this invention
have been found to exceed federal quality standard
209B for a class 100 and better clean room, and
have consistently met class 10 standard (i.e., less
than ten particles of 1/2 micron diameter per cubic
foot (0.028 cubic metre), with no particles larger
than five microns).

Temperature is maintained within £ 0.1 degree
F (x 0.05 degree C), humidity maintained within
2.0% relative humidity, and pressure maintained
within £ 0.02 inches (£0.05! cm) of water column of
the desired set point.

Also, because the clean rooms are transport-
able and modular, and not field-assembled, they
can be treated as capital expenditures by the pur-
chaser, and are ideal for lease arrangements.

Claims

1. A self-supporting, self-contained air condition-
ing unit (21) connected with a clean room
module or the like, and in which :

- a first fan (44) blows recirculating air into
a room or area of the module ;

- a return air duct (57) defining a first
circulating path has an intake port (65)
for receiving the recirculating air after it
has passed through the room and in
which the duct (57) delivers air to the
first fan (44), such that the room to be air
conditioned and the return air duct define
a first air circuit for the air conditioning
unit ;

- a second fan (50) delivers ambient make-
up air to the first fan (44) ;

- and a bypass (67,68) coacts with the
return air duct in advance of the first fan
(44) and diverts a portion of the air pass-
ing therethrough into the second fan
(50), the second fan (50) being disposed
in an enclosure (49) of the air condition-
ing unit (21) that contains a cooling coil
(52) and a reheat coil (51) in the oufflow
of the second fan for treating the air from
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the second fan (50), such that the sec-
ond fan (50) mixes the make-up air and
the air diverted from the duct (57) and
blows the combined air through the cool-
ing and reheat coils (51,52) ;

- and an outlet port (78) for delivering the
treated air back to the return air duct (57)
for combining with the recirculating air
passing therethrough, with the bypass,
the second fan enclosure (49), and the
outlet port (76) defining a second air
circuit for the air conditioning unit and
said second air circuit with said bypass
(67.68) defining a second circulating
path,
characterized in that the second circulat-
ing path (49, 67,68 76) operates at a
constant volume flow of about five to
twenty percent of the air flow formed of
the sum of the diverted and make-up air
flows, through the first circuit (58), and a
controller that includes an air pressure
sensor (82) in communication with said
room or area confrols a make-up air
damper (81) in accordance with the air
pressure within said room or area so as
fo maintain said room or area at a sub-
stantially constant pressure.

An air conditioning unit as defined in claim 1,
further characterized in that the return air duct
(57) is substantially vertically disposed, the
first fan (44) being located adjacent the upper
end of the duct and the duct intake port (65)
being located adjacent the lower end of the
duct (57) so that the return air through the
intake (68) flows upwardly from the port (65) to
the fan (44).

An air conditioning unit as defined in claim 2,
further characterized in that a prefilier (66) is
disposed in the duct (57) adjacent the up-
stream side of the first fan (44).

An air conditioning unit as defined in claim 2
further characterized in that a diverter (67) for
diverting a portion of the duct air to the second
fan (50) via said intake (68) is located adjacent
the lower end of the duct (57), said diverter
being automatically controliable.

An air conditioning unit as defined in claim 3,
wherein the outlet port (76) connects with the
duct (57) adjacent the upsiream side of the
prefilter (66).

An air conditioning unit as defined in claim 1,
wherein the make-up air is introduced in the
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12

second circulating path (49,67,68,76) via an
inlet (70) coupled to the intake (68).

A clean room module comprising in combina-
tion a self-contained, unitary base unit (15) that
includes a floor {28), bottom and side walls
(18,20) that define a sump chamber (15) be-
neath the floor (28), vertical side walls (27)
mounted on and supporied by the base unit
(15), an upstanding self-contained air condi-
tioning unit (21) as defined in one of claims 1
to B, connected to the base unit (15) adjacent
one side wall of the clean room module, a
ceiling unit (16) engaging upper edges of said
side walls, support members (38) supporting
said ceiling unit independently of said side
walls, the ceiling unit (16) having filter material
(36) therein and a plenum chamber (37) above
the filter material (36), with the floor, walls, and
ceiling unit together defining an enclosed clean
room, the ceiling unit plenum chamber and the
base unit sump chamber being in communica-
tion with the air conditioning unit, characterized
in that said first circulating path (57) of said air
conditioning unit (21) extends from said base
unit sump chamber (15) to said ceiling unit
plenum chamber (35), so that the air condition-
ing unit (21) circulates filtered air at a constant
predetermined pressure in a downward laminar
flow through the enclosed clean room area.

A clean room module as defined in claim 7
further characterized in that said distribution
duct includes a distribution channel (98,99) ex-
tending laterally and having a port (92) dis-
posed in at least one side wall of the air
conditioning unit (21), the port (92} serving for
coupling by a corresponding port (92" or 92")
to a distribution channel of an air conditioning
unit (21' or 21") of an adjacent connected
clean room module for supplying the treated
air from the first-mentioned clean room module
to the first circulating path of the second-men-
tioned clean room module, so that the first-
mentioned module functions as a master and
the second-mentioned module acts as a slave
unit receiving treated air only from the air
conditioning unit (21) of the first-mentioned
module.

A clean room module as defined in claim 7,
further characterized in that said second cir-
culating path (49,50, 51, 52 - Fig. 12) is dis-
posed to one side of the air conditioning unit
(21), and the latter includes a third circulating
path disposed to the other side thereof, and
having an automatically controllable diverter
(67), a blower (50) having an input coupled fo
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the diverter, a make-up air inlet (70) coupled to
the intake of the blower and including a con-
trollable make-up damper (81), an air con-
ditioning element (52) following said blower
(50), and conduit connecting the air condition-
ing element (52) to said distribution, said sen-
sor (82) controlling the make-up damper (81)
of the third circulating path as well as the
make-up damper (81) of the second circulating
path.

Revendications

Unité de climatisation autonome et indépen-
dante (21) reliée & un module pour salles blan-
ches ou similaires, dans laquelle :

- un premier ventilateur (44) souffle de |'air
recirculé dans une piéce ou une aire du
module ;

- une canalisation pour le retour d'air (57),
définit un premier trajet de circulation
comportant une prise d'entrée (65) desti-
née & recevoir I'air recirculé aprés son
passage dans la piéce, et dans lequel la
canalisation (57) délivre de I'air au pre-
mier ventilateur (44) de telle sorte que la
piéce devant 8ire climatisée et la canali-
sation de retour d'air définissent un pre-
mier circuit de I'air pour I'unité de clima-
tisation ;

- un second ventilateur (50) délivre de I'air
ambiant d'appoint au premier ventilateur
(44) ;

- et une dérivation (67,68) interagit avec la
canalisation de retour d'air en amont du
premier ventilateur (44) et dérive une
partie de l'air passant au travers au ni-
veau du second ventilateur (50), ce se-
cond ventilateur (50) étant disposé dans
une enceinte (49) de I'unité de climatisa-
tion (21) et comprend un organe de re-
froidissement (52) et un organe de chauf-
fage (51) situé au niveau de la sortie du
flux du second ventilateur pour traiter
I'air issu dudit second ventilateur (50), de
telle sorte que le second ventilateur (50)
mélange I'air d'appoint et I'air dévié de la
canalisation (57) et souffle I'air ainsi com-
biné & travers les organes de refroidisse-
ment et de chauffage (51,52) ;

- et un point de sortie (76) pour délivrer
I'air traité en retour & la canalisation de
retour d'air (57) pour le mélanger avec
l'air recirculé la traversant, I'enceinte du
second ventilateur (49) et 'orifice de sor-
tie (76) définissant un second circuit d'air
pour I'unité de climatisation, ledit second
circuit d'air et ladite dérivation (67,68)
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définissant le second trajet de circulation,
caractérisé en ce que le second irajet de
circulation (49,67,68,76) opére a flux vo-
lumique constant d'environ 5 4 20 % du
flux d'air formé par la somme des flux
dérivés et d'appoint, & travers le premier
circuit (58), et en ce qu'un contrleur
comprenant un capteur de pression d’air
(82) en communication avec ladite piéce
ou aire contrSle une soupape d'air d'ap-
point en liaison avec la pression d'air
dans ladite piéce ou aire afin de mainte-
nir ladite pieéce ou aire 2 une pression
relativement constante.

Unité de climatisation selon la revendication 1,
caractérisée en ce que la canalisation de re-
tour d'air (57) est disposée essentiellement
verticalement, le premier ventilateur (44) étant
disposé de maniére adjacente & [I'extrémité
supérieure de ladite canalisation, et la prise
d'entrée (65) étant localisé au voisinage de
I'extrémité inférieure de ladite canalisation
(57), de telle sorte que I'air en retour au travers
du piquage (68) s'écoule vers le haut a partir
du point (65) jusqu'au ventilateur (44).

Unité de climatisation selon la revendication 2,
caractérisée en ce qu'un pré-filire (66) est dis-
posé dans la canalisation (57) au voisinage de
la face amont du premier ventilateur (44)

Unité de climatisation selon la revendication 2,
caractérisée en ce qu'une dérivation (67) pour
dériver une partie de l'air de la canalisation au
niveau du second ventilateur (50) par 'intermé-
diaire d'un piquage (68) est localisée au voisi-
nage de I'exirémité inférieure de la canalisation
(67), ladite dérivation étant contrdlable automa-
tiquement.

Unité de climatisation selon la revendication 3,
caractérisée en ce que l'orifice de sortie (76)
est relié avec la canalisation (57) au voisinage
de la face amont du pré-filtre (66).

Unité de climatisation selon la revendication 1,
caractérisée en ce que l'air d'appoint est intro-
duit dans le second trajet de circulation (49,
67,68,76) par un orifice (70) couplé au piguage
(68).

Module pour salle blanche comprenant en
combinaison une unité de base unitaire auto-
nome (15) inciuant un plancher (28), des cloi-
sons de fond et latérales (18,20) définissant
une chambre de fond sous le plancher (28),
des cloisons latérales et verticales (27) mon-
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tées et supportées par une unité de base (15),
une unité de climatisation autonome (21) verti-
cale définie selon I'une des revendication 1 2
B, relide & l'unité de base (15) au voisinage de
['une des cloisons latérales ou du module pour
salle blanche, une unité de plafond (16) reliée
aux portes supérieures desdites cloisons laté-
rales, des éléments de support (38) supportant
ladite unité de plafond indépendamment desdi-
tes cloisons latérales, et I'unité de plafond (16)
présentant des matériaux filirants (36) et une
chambre pleine (37) au dessus du matériau
filtrant (36), définissant avec le plancher, les
cloisons et l'unité de plafond, une enceinte
pour salle blanche, la chambre pleine de I'uni-
6 de plafond et la chambre de fond de I'unité
de base éfant en communication avec |'unité
de climatisation, caractérisé en ce que ledit
premier trajet de circulation (57) de ladite unité
de climatisation (21) s'étend de ladite chambre
de fond de I'unité de base (15) a ladite cham-
bre pleine de ['unité de plafond (35), de telle
sorte que |'unité de climatisation (21) entraine
en circulation de lair filird & une pression
constante prédéterminée, selon un flux laminai-
re descendant & firavers ladite enceinte de
salle blanche.

Module pour salle blanche selon la revendica-
tion 7, caractérisé en ce que ladite canalisation
de distribution comprend des canaux de distri-
bution (98,99) s'étendant latéralement et pré-
sentant un orifice (92) disposé au moins sur
f'une des cloisons latérales de I'unité de clima-
fisation (21), l'orifice (92) servant au couplage
avec un orifice correspondant (92' ou 92") d'un
canal de distribution d'une unité de climatisa-
tion (21'ou 21"), d'un module pour salle blan-
che relié de maniére adjacente pour délivrer
de ['air traité dudit premier module pour salle
blanche au premier irajet de circulation du
second module pour salle blanche, de telle
sorte que le premier module fonctionne com-
me maliire et le second module agit comme
esclave, recevant de l'air traité seulement de
I'unité de climatisation dudit premier module.

Module pour salle blanche selon la revendica-
tion 7, caractérisé en ce que ledit second trajet
de circulation (49,50,51,562 - Figure 12) est
disposé sur I'une des faces de ['unité de cli-
matisation (21), et en ce que cette derniére
comprend un troisiéme trajet de circulation dis-
posé de l'autre cOt, et présentant une dériva-
tion automatiquement contrdlable (67), un ven-
filateur (50) présentant une entrée couplée 2 la
dérivation, une entrée d'air d'appoint (70) cou-
plée a ['entrée du ventilateur et incluant une
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soupape d'appoint contrlable (81), un élément
de conditionnement d'air (52) situé aprés le
ventilateur (50) et des conduits connectant
['dlément de conditionnement d'air (52) audit
distributeur, ledit capteur (82) conirSlant la
soupape d'appoint (81) du troisiéme trajet de
circulation de méme que la soupape d'appoint
(81) du deuxieéme trajet de circulation.

Patentanspriiche

Selbstindige, in sich geschlossene Klimaania-
ge (21), die mit einem Reinraum-Modul oder
dergleichen verbunden ist, in der:

- ein erstes Gebldse (44) umlaufende Luft
in einen Raum oder eine Zone des Mo-
duls blést;

- ein Rucksir6mkanal (57), der einen er-
sten Zirkulationsweg bildet, eine Eintritts-
Bffnung (65) aufweist zur Aufnahme der
umlaufenden Luft, nachdem diese den
Raum durchlaufen hat, wobei der Kanal
(57) dem ersten Gebldse (44) Luit zu-
fiihrt, so daf der zu klimatisierende
Raum und der Riickstrémkanal einen er-
sten Luftkreislauf der Klimaanlage bilden;

- ein zweites Gebldse (50) dem ersten Ge-
bldse (44) Umgebungs-Frischluft zuflihr;

- ein Bypass (67,68) vor dem ersten Ge-
bldse (44) mit dem Ruckstromkanal zu-
sammenwirkt und einen Teil der diesen
durchlaufenden Luft abzweigt in das
zweite Gebldse (50), welches in einem
Gehduse (49) der Klimaanlage (21) ange-
ordnet ist, das im Austritt des zweiten
Gebldses einen Luftkiihler (52) und einen
Lufterhitzer (51) enth&@lt zur Behandlung
der Luft aus dem zweiten Geblédse (50),
derart, daB das zweite Gebldse (50) die
Frischluft und die aus dem Kanal (57)
abgezweigte Luft mischt und die Lufimi-
schung durch den Luftklihler und den
Lufterhitzer (51,52) blést;

- einen Auslafikanal (76) zur Riickflihrung
der behandelten Luft in den Rickstrém-
kanal (57) zur Mischung mit der dort
umilaufenden Luft, wobei der Bypass, das
Gehduse (49) des zweiten Gebldses und
der AuslaBkanal (76) einen zweiten Luit-
kreislauf der Klimaanlage definieren, wel-
cher mit dem Bypass (67,68) einen zwei-
ten Zirkulationsweg bildet,
dadurch gekennzeichnet, daB der zweite
Zirkulationsweg (49,67,68,76) mit einem
konstanten Volumenstrom von etwa 5 bis
20% des aus der Summe des verzweig-
ten und des Frischluft-Stroms gebildeten
Gesamtluftstroms durch den ersten
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Kreislauf (58) arbeitet und daB eine Re-
geleinrichtung, die einen mit dem Raum
oder der Zone in Verbindung stehenden
Drucksensor (82) aufweist, eine Frisch-
luftdrossel (81) entsprechend dem Luft-
druck in dem Raum oder der Zone re-
gelt, so daB in dem Raum oder der Zone
ein im wesentlichen konstanter Druck
aufrechterhalten wird.

Klimaanlage nach Anspruch 1, dadurch ge-
kennzeichnet, daB der Ruckstrémkanal (57) im
wesentlichen vertikal angeordnet ist, wobei das
erste Gebldse (44) an das obere Ende des
Kanals angrenzt und die Eintritts6ffnung (65)
am unteren Ende des Kanals (57) angeordnet
ist, so daB die Riickluft von der Eintrittséffnung
(65) aufwirts zu dem Geblédse (44) strdmi.

Klimaanlage nach Anspruch 2, dadurch ge-
kennzeichnet, daB in dem Kanal (57) auf der
Anstromseite des ersten Gebldses (44) ein
Vorfilter (66) angeordnet ist.

Kiimaanlage nach Anspruch 2, dadurch ge-
kennzeichnet, daB eine Abzweigvorrichtung
(67) zum Abzweigen eines Teils der Kanalluft
{iber die Zuleitung (68) zum zweiten Gebldse
(50) am unteren Ende des Kanals (57) ange-
ordnet ist, wobei die Abzweigvorrichtung (67)
automatisch regelbar ist.

Klimaanlage nach Anspruch 3, dadurch ge-
kennzeichnet, daB der AuslaBkanal (76) auf der
Anstrémseite des Vorfilters (66) mit dem Kanal
(57) verbunden ist.

Klimaanlage nach Anspruch 1, dadurch ge-
kennzeichnet, daB die Frischluft Uber einen mit
der Zuleitung (68) gekoppelten EinlaB (70) in
den zweiten Zirkulationsweg eingeleitet wird.

Reinraum-Modul, bestehend aus der Kombina-
tion eines selbstdndigen, einheitlichen Basis-
bauteils (15), welches einen Boden (28) und
Rick- und Seitenwidnde (18,20) aufweist, die
unter dem Boden (28) eine Sumpfkammer (15)
bilden; veriikaler Seitenwdnde (27), die auf
dem Basisbauteil (15) befestigt und von die-
sem getragen sind; einer aufrechtstehenden, in
sich geschlossenen Klimaanlage (21) nach ei-
nem der Anspriiche 1 bis 6, die an einer
Seitenwand des Reinraum-Moduls mit dem Ba-
sisbauteil (15) verbunden ist; eines die oberen
Rénder der Seitenwdnde umgreifenden Dek-
kenbauteils (16) und Stlitzen (38), die das Dek-
kenbauteil unabh&ngig von den Seitenwénden
tragen, wobei sich in dem Deckenbauteil {16)
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Filtermaterial (36) und Uber dem Filtermaterial
(36) eine Luftkammer (37) befindet und der
Boden, die Wande und das Deckenbauteil ei-
nen geschlossenen Reinraum bilden, dessen
Luftkammer im Deckenbauteil und Sumpfkam-
mer im Basisbauteil mit der Kiimaanlage in
Verbindung stehen, dadurch gekennzeichnet,
daB der erste Zirkulationsweg (57) der Kii-
maanlage (21) sich von der Sumpfkammer (15)
im Basisbauteil bis zur Luftkammer (37) im
Deckenbauteil erstreckt, so daB die Klimaanla-
ge (21) gefilterte Luft mit konstantem vorbe-
stimmtem Druck in abwértsgerichteter, lamina-
rer Strdmung durch den geschlossenen Rein-
raum zirkulieren [48t.

Reinraum-Modul nach Anspruch 7, dadurch
gekennzeichnet, daB die Verteilerleitung einen
querverlaufenden Verieilerkanal (98,99) mit
mindestens einem in einer Seitenwand der Kli-
maanlage (21) angeordneten DurchlaB (92) auf-
weist, wobei der DurchlaB (92) zum AnschiuB
eines korrespondierenden Durchlasses (92
oder 92"} zu einem Verteilerkanal einer Kli-
maanlage (21' oder 21") von einem angren-
zend angeschlossenen Reinraum-Modul dient,
fur die Zufuhr der behandelten Luft des erstge-
nannten Reinraum- Moduls zum ersten Zirkula-
tionsweg des zweitgenannten Reinraum-Mo-
duls, so daB der erstgenannte Modul als
Haupteinheit und der zweitgenannte Modul als
Nebeneinheit wirkt, welche die behandelte Lufi
nur von der Klimaanlage (21) des erstgenann-
ten Moduls erhdli.

Reinraum-Modul nach Anspruch 7, dadurch
gekennzeichnet, daB der zweite Zirkulations-
weg (49, 50, 51, 52 - Fig.12) auf einer Seite
der Kiimaanlage (21) angeordnet ist und da8
diese einen dritten Zirkulationsweg auf ihrer
anderen Seite aufweist mit einer automatisch
regelbaren Abzweigvorrichtung (67), einem Ge-
bidse (50), dessen Eintritt mit der Abzweigvor-
richtung verbunden ist, einem mit dem Eintritt
des Gebldses verbundenen und eine regelbare
Frischiuftdrossel (81) enthaltenden Frischluft-
einfaB (70), einem dem Geblédse (50) nachge-
ordneten Klimatisierungselement (52) und einer
das Klimatisierungselement (52) an die Vertei-
lerleitung anschlieBenden Leitung, wobei der
erwdhnte Drucksensor (82) die Frischluftdros-
sel (81) des dritten Zirkulationsweges sowie
die Frischlufidrossel (81) des zweiten Zirkula-
tionsweges regelt.
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