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[57] ABSTRACT

A respiratory gas flow conditioner for providing biolog-
ically required heat and moisture to gas flows for a re-
spiring user has high thermal efficiency and low resis-
tance to respiratory flow. The flow conditioner com-
prises a cylindrically shaped, hollow, high surface area
heat and moisture regenerator having a relatively large
orifice at one longitudinal end. Exhaled gases having
relatively high heat and moisture content pass into the
orifice, expand omnidirectionally, pass uniformly
through the regenerative material comprising the sides

_.of the cylinder and give out heat and moisture thereto;

inspiratory gases at relatively low humidity and temper-
ature take up the moisture and heat retained by the re-
generator and pass to the respiratory organs of the user
at biologically desirable humidity and temperature lev-
els.

5 Claims, 7 Drawing Figures
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1
FLOW CONDITIONER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to means for treating fluid
flows, particularly for conditioning and improving gas
flows in lifesupport systems where gases flow to and
from a respiring user.

2. Description of the Prior Art

Means for supporting respiration in hostile environ-
ments have assumed increasing importance particularly
because of increasing scientific, industrial, and military
activity relating to undersea, high altitude, and contam-
inated environments. Undersea exploration, for exam-
ple, has recently assumed substantial scientific and eco-
nomic significance. In undersea operations, life support
systems have been developed to a substantial level of
sophistication with respect to the function of supplying
oxygen for divers’ respiration. An example of such a
life support system is the traditional deep sea diver sys-
tem wherein the oxygen supply is maintained on the
surface, and oxygen is pumped down to the diver
through a conduit system extending through substantial
depths. Expiratory exhaust gases are pumped through
the conduit system to the environment and expelled
from the system. The more recently developed self-
contained underwater breathing apparatus (SCUBA)
utilizes an oxygen supply carried by the diver. A highly
sophisticated system recently developed and the sub-
ject of patent application Ser. No. 623,616 (filed Mar.
13, 1967), assigned to the assignee of the present in-
vention, utilizes a recirculating gas flow whose oxygen
content is maintained at a desired level by passage in
contact with a liquid oxygen source at cryogenic tem-
peratures.

During all of this development and across a broad
spectrum of systems exemplified by the classical deep
sea diver’s system, the SCUBA system, and the cryo-
genic system, users have generally had to accept the
fact that the life supporting gas mixture supplied to the
diver deviates substantially from biologial requirements
of heat and moisture content. Such deviation may have
deleterious effects ranging from simple inconvenience
and minor efficiency loss to substantial danger to the
health and safety of the diver, who may be losing sub-
stantial quantities of biologically vital heat and mois-
ture with every breath. At suboceanic depths of 300
feet, this type of heat loss may account for 20-30 per-
cent of total heat loss by the diver’s body.

In the conventional deep sea diving system, the in-
coming gas supplied to the user is generally dry and
cold partially because of its initial condition when it is
injected into the respiratory gas flow and partly be-
cause of its passage through the long conduit distance
between the surface and the diver, during which pas-
sage heat is lost to the undersea enironment whose tem-
perature may range below 50° F. Heat is similarly lost
from the expired gas flows in the passage of the flows
through the conduits to the surface. SCUBA systems
also encounter such problems. The SCUBA system
may inject oxygen gas at a fixed rate necessary to com-
pensate for oxygen consumed by the diver and main-
tain mass balance by expulsion to the environment of
some expiratory flow, thus losing heat and moisture.
Oxygen added to the system gas flow is generally at the
environment temperature and is of relatively low hu-
midity. A cryogenic system, on the other hand, requires
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removal of heat and moisture from the system gas flow
preliminarily to passage of the flow through the liquid
oxygen supply for reoxygenation. Hyperefficient heat
exchangers are utilized to return the system gas flow to
biological temperatures; however, under all conditions
improvement in performance can be expected with de-
crease of the heat transfer load on a heat exchange ele-
ment and under some circumstances this may prove
critical. In the conventional SCUBA and deep sea div-
ing systems heat and moisture may be supplied to com-
pensate for respiratory heat and moisture require-
ments. Bulky and heavy apparatus may be required for
such heat and moisture conditioning, comprising for
example sensors or other regulator means as well as rel-
atively complex injection means. Such apparatus is not
only costly and complex but is inefficient from a system
point of view since at one point heat and moisture in
the expiratory flow from the user are expelled from the
system and at another point heat and moisture are
added with the aid of cumbersome apparatus.

Similar problems, arising from the deviation of in-
spired life supporting gases from biological norms for
optimum performance and safety, are experienced by
those within environments having adequate oxygen
content to support life but deviating substantially from
biological standards of temperature and humidity. Such
environments are encountered, for example, in desert
and Arctic regions or by firefighters in the course of
their activities, Continuing inspiration from the atmo-
sphere in such environments may result in serious dam-
age to the respiratory system and other organs of the
user through exposure to the extremes of temperature
and humidity of the environment.

A further source of inefficiency in life support sys-
tems is in their mouthpiece that is, structures which im-
mediately connect the respiratory system of the user to
external life support elements. Such mouthpieces gen-
erally comprise merely passive conduits for the passage
of the life supporting as flows incoming to, and outgo-
ing from the user’s respiratory system.

SUMMARY OF THE INVENTION

The objectives and purposes of the present invention
are realized, in a gas flow system connecting a réspiring
user and external elements, by a flow conditioner com-
prising a regenerator matrix’ for transferring usable
components, suchas heat and moisture, from one fluid
flow to another in regenerative fashion, Preferably such
a regenerator matrix is disposed within a mouthpiece
connecting the respiring user with external life support-
ing elements. The matrix may comprise extended fila-
mentary surfaces for removing usable contents from
one gas flow by contact through conduction, absorp-
tion, adsorption or condensation; retaining the compo-
nents; and surrendering them to another contacting gas
flow. The matrix is disposed in exchange relation with
the gas flow path and may be heat or moisture active
or active with respect to other flow components. The
matrix surfaces may be compacted together or ex-
tended over a substantial length.

When life supporting gases are added at temperature
and humidity levels falling below biological levels heat
is removed through conduction by the matrix from ex-
pired respiratory gases flowing in contact with the ma-
trix. Heat is retained by the matrix and surrendered by
conduction to the cold life support gases incoming to
the user. Moisture is removed from the expired flow by
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condensation, adsorption and absorption, retained, and
surrendered to the incoming dry gas mixture, in an
analogous manner.

An further aspect of the invention relates to the pro-
vision of highly efficient means for extracting, retain-
ing, and adding heat and moisture. Folded wire mesh
layers may be arrayed to define at least one hollow cyl-
inder having a smal} orifice and presenting a large sur-
face for heat and moisture transfer and retention while
comprising a low impedance path for gas flow. Gas
passing along or through the mesh layers to the orifice
tends to expand and contact the mesh uniformly, pro-
moting efficient heat distribution. In one form of the
system, the regenerator matrix volume may receive bi-
directional flows, whereas in another system opposite
flows may be directed through different parts of the
matrix.

Another aspect of the invention relates to an im-
proved diver’s mouthpiece incorporating at least one
fegenerator matrix to utilize efficiently, and for a signif-
icant function, mouthpiece volume that otherwise
would serve only as a passive conduit for flows of life
supporting gases. In a specific example, an improved
mouthpiece structure includes a pair of flow condition-
ers, each comprising a hollow fluted cylinder of multi-
layered heat conductive mesh having hygroscopic sur-
face layers. The cylinders are disposed adjacent the
mouthpiece orifice within and along the gas flow con-
duit, and are of short length but extremely high surface
area. The interior ends of the cylinders are closed, so
that inspiratory and expiratory gases pass relatively uni-
formly through the available surface area of the condi-
tioners between the mouthpiece and the conduit. Sepa-
rately or in conjunction with the flow conditioner sys-
tem, a bypass arrangement may be disposed to provide
freer flow when high flow rates are needed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram and schematic representa-
tion of a life support system utilizing a flow conditioner
in accordance with the invention;

FIG. 2 is a perspective view, simplified and partially
broken away, of a flow conditioner in accordance with
the invention;

FIG. 3 is a sectional view of the flow conditioner of
FIG. 1 taken along the line 2—2;

FIG. 4 is a fragmentary view of a portion of the flow
conditioner of FIG. 2;

FIG. 5 is a graphical representation of temperature
vs. position along a regenerator matrix, useful in ex-
plaining operation of flow conditioners in accordance
with the invention;

FIG. 6 is a fragmentary view of a portion of an alter-
native flow conditioner in accordance with the inven-
tion; and

FIG. 7 is a simplified sectional view of yet another
flow conditioner in accordance with the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates an example of a flow conditioner in
accordance with the invention, operating with a gas
flow system. A utilization system 10 is connected to an
external flow path system 12 through flow paths includ-
ing an inlet-outlet conduit system 13 and a flow condi-
tioner 14 (described in detail below). The conditioner
14 may generally be disposed at any system point be-
tween the utilization system 10 and an oxygen source
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24 (discussed below), but for a life support system is

preferably adjacent, or integral with the inlet-outlet -

conduit system 13. The oxygen source 24 may be in-
cluded in the system as with a conventional SCUBA or
in the life support system of copending application Ser.
No. 623,616. Alternatively, the oxygen source 24 may
comprise an environment containing life supporting
levels of oxygen. A gas mixture is exhausted from the
utilization system 10 (one or a group of users in a life
support system) and passes in contact with the condi-
tioner 14, which includes passive elements for retaining
selected constituents or properties of the gas flow, re-
taining the constituents, and adding the constituents to
a subsequent gas flow incoming to the conditioner 14.
In the life support context these are shown generally as
a heat active means 16 and a moisture active means 18,
although these may be advantageously combined, or
other types of flow constituents may be transferred by
such means.

A pre-oxygenation system 20 may be disposed be-
tween the utilization system 10 and the oxygen source
24. In systems in accordance with the invention dis-
closed in copending application Ser. No. 623,616 cited
above, the pre-oxygenation system 20 comprises a heat
exchanger 22—reducing temperature of the exhaust
gas flow from the biological range to the near cryogenic
range—and a desiccant chamber 23 for removing mois-
ture from the flow. Thus, the demands upon the preox-
ygenation system 20 are substantially lessened by the
heat and moisture transferring means 16, 18 in the flow
conditioner 14. In other life support systems the pre-
oxygenation means may operate differently, as in the
conventional SCUBA, or such means may not be used,
as in systems drawing oxygen from the environment,

The flow then circulates to the oxygen source 24,
which comprises means for maintaining the respiratory
gas flow at a life supporting concentration of oxygen.
In specific examples, the oxygen source may comprise -
a cryogenic processor (as in the invention of the co-
pending application cited above wherein an oxygen lig-
uid vapor system 28, maintained at a desired tempera-
ture by a cryogen 30, adds oxygen to the appropriate
partial pressure), an arrangement for adding oxygen as
in the conventional SCUBA, or merely the environ-
ment, among others. A post-oxygenation system 26
may be disposed between the utilization system 10 and
the oxygen source 24 for operating upon the oxygen-
ated gas flow prior to entry into the conditioner 14 (in
the cryogenic system, the post-processing system 26
comprises a post-processor for warming the processed
flow to biological temperature and contains a heat ex-
changer 32 in thermal relation with the heat exchanger
22 for the purpose). Total gas pressure, including oxy-
gen and inert gas partial pressures is maintained by ap-
propriate means varying with the specific system. In
partial recirculation systems the inert gas may be con-
tinuously added with the oxygen. In complete recircu-
lating systems, like the cryogenic processor system,
routine loss of inert gas does not occur and adjustment
of partial pressure to changed conditions is effected by
conventional valve, sensor and storage arrangements.
In non-oxygen supplying systems connected with the
atmosphere, of course, no such inert gas problems
arise.

The gas flow then passes to the utilization system 10
through the flow conditioner 14 and the iniet-outlet
system 13. In the flow conditioner 14, flow constituents
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such as heat and moisture removed from the flow by
the means 16, 18 and retained therein are surrendered
to the incoming gas mixture.

The path taken by the flow through the oxygen
source 24 may be viewed as the principal path. Thus,
usable flow constituents such as heat or moisture which
would otherwise have been discarded from the outgo-
ing exhaust flow and omitted from, or subsequently
readded from external sources to the incoming oxygen-
ated flow, are instead exiracted from the exhaust flow,
retained and surrendered to the incoming flow for
reuse without passing through the principal path in-
cluding other elements of the system. In effect the flow
conditioner 14, which transfers particular flow constit-
uents between the respective flows, comprises a shunt
flow path and storage only for these flow constituents
such as heat and moisture. The shunt path bypasses or
is parallel to the principal flow path, and other flow
constituents are not diverted. As indicated above the
principal path need not be closed.

Though flow conditioners in accordance with the in-
vention comprise shunt paths for particular flow con-
stituents, such flow conditioners comprise purely pas-
sive elements. operating through contact with system
gas flow and utilizing basic physical and chemical prin-
ciples and processes without the complexities of struc-
tural requirements imposed upon active elements, as
shown below.

FIGS. 2 to 4 illustrate in detail an example of a flow
conditioner in accordance with the invention, as used
for an underwater life support application. A flow con-
ditioner 14-enclosed by a housing 34 is connected with
external elements including an oxygen source (not
shown) and a user (not shown), through a conduit Sys-
tem 35, for respiratory gas flows (the conduit system 35
may, of course, be of any appropriate shape and is
shown as T-shaped for clarity). The conditioner 14
comprises a pair of adjacent heat and moisture active
flow conditioner regenerator matrices 36, 38. The con-
duit system- 35 includes a principal cross-arm conduit
40 having colinear and communicating ends for receiv-
ing and transmitting inspiratory and expiratory flows
respectively, associated system elements not being
shown. Also included in the conduit system 35 is a base
leg conduit 42 which comprises a respiratory passage
extending from the cross-arm conduit 40 and terminat-
ing in a diver’s mouthpiece 44, inchiding a breathing
orifice 45 and comprising a fluid connection to the re-
spiratory system of the diver. Other arrangements per-
mitting inflow and outflow of gas to the respiratory sys-
tem of the user in operative relation to the flow condi-
tioner 14 may also be employed in accordance with the
invention: The matrices 36, 38 may, for example, be
disposed transversely or longitudinally within the
mouthpiece 44 in the absence of a respiratory passage
45, In the example shown, the matrices 36, 38 are of
cylindrical form, and disposed axially within and along
the base leg conduit 42 as best seen in the perspective
and sectional views of FIGS. 2 and 3 respectively. The
matrices are preferably disposed axially as shown, but
may also be in other orientations with respect to the
mouthpiece or the respiratory flows, e.g., transversely.
As shown also in FIG. 4, the cylindrical matrices 36, 38
comprise multi-layer bodies having their central axes
spaced apart but parallel to the central axis of the base
leg conduit 42. The matrices 36, 38 are alike in this ex-
ample, although they may be of different sizes and
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shapes for particular installations (they may, for in-
stance, comprise packs of stacked screens). Each is
shown as peripherally multi-fluted or corrugated longi-
tudinally to maximize operative surface area and mini-
mize bulk. The matrices comprise separate layers 39 in
contacting and conforming relation to one another to
define the porous-walled, fluted -cylindrical shape. In
one specific matrix 36, the layers 39 are mounted at
their opposite ends in mountings 46, 48, the mounting
46 being adjacent the orifice 45 and fixed to the inner
wall of the base leg conduit 42 and having an open cen-
tral portion. The mounting 48 at the free end of the ma-
trix 36 comprises a transverse closure member and is
hermetically sealed to the layers 39, blocking gas flow
from entering the matrix cavity directly from the con-
duit 40,

Referring now specifically to FIG. 4, each mesh layer
39 of a given matrix 36 comprises in this example a fine
woven screen of highly heat conductive material, such
as copper. The filaments:of the screen are coated with
a hygroscopic layer of an activated molecular sieve ma-
terial 50, such as activated charcoal; In the particular
example being discussed, approximately 10 layers 39 of
200 mesh copper screen were employed in the flow
conditioner, which was designed for operation at ap-

_proximately 600-foot depth and with a helium-oxygen

mixture. A desired total surface area of the matrix 36
was provided within a 0.8 inch diameter section ap-
proximately 1 inch long. This configuration was suffi-
cient in surface area and total volume to permit opera-
tion with a pressure drop of approximately 0.1 inch of
water or less. The total volume of the matrix 36is pref-
erably substantially smaller than the average volume of
the average breath of the diver, to avoid problems re-
lated to mixing of inspiratory and expiratory flows, and
may preferably range between 10-100 cc.

In the specific example of operation of the flow con-
ditioner in- conjunction with a cryogenic life support
system, therefore, inspiratory flow passes from one side
of the cross-arm conduit 40 to the mouthpiece 44
through the matrices 36, 38, and expiratory flows are
directed again through the matrices 36, 38 to the other
end of the cross-arm conduit 40. These flows pass es-
sentially radially through the porous layers 39 of the
matrices 36, 38 and are distributed evenly over their
entire surface ‘areas. One way or chieck valves (not
shown) may be disposed in the conduits or elsewhere
for flow control in the system. :

The regenerator matrices 36, 38 are in operative heat
and moisture relation with the respiratory gas flows.
Heat is transferred through condensation. Moisture 'is
transferred through condensation and evaporation ‘ac-
companying the heat transfer, and through the separate
action of the molecular sieve. In underwater operation,
where extremely high pressures are involved and where
the oxygen supply for respiration is cold and dry, both
heat and moisture are rapidly extracted from the outgo-
ing expiratory flows by the matrices 36, 38. Moisture
is absorbed by the molecular sieve material 50, and
moisture condenses upon the layers 39 through the
cooling of the gas flow. The heat and moisture are thus
diverted into a separate shunt path that does not act
upon other flow constituents of the gas, and are re-
tained or stored by the matrix for surrender to a subse-
quent incoming flow.. The subsequent inspiratory flow
enters the cross-arm conduit 40, and absorbs heat and
moisture retained by the matrices 36, 38. Heat ex-
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tracted by the matrices 36, 38 is evenly distributed over
the mesh layers 39 because of their high thermal con-
ductivity and because of the expansion of the gases to
occupy the entire cavity in which the matrices 36, 38
are contained, and thus to contact substantially all of
the mesh layers 39. Heat exchange with a surrounding
gas is therefore highly efficient, and augmented by heat
transfer along the length of the layers 39, Pressure drop
is extremely small because of the thinness of the layers
39 (for the 200 mesh screen previously referred to, the
total thickness of 10 layers was approximately 0.040
inch).

For specificity, the invention has been discussed
within the context of life support and particularly as re-
lated to temperature and humidity. Such particular as-
pects are not necessary to the invention which may be
employed generally and may be active with respect to
heat or moisture singly or in combination, or to other
properties.

Though the regenerator matrix 36 is preferably of
coated wire mesh, it may comprise other configurations
allowing intimate intermingling of the gas flow and the
matrix elements such as various arrangements of spa-
tially separated filamentary elements—woven or un-
woven—apertures in an otherwise integral structure, as
well as intermingled, or separated, adjoining layers of
porous or permeable moisture and heat active materi-
als or a single moisture and heat active material. Fluid
permeable materials such as copper wool may be uti-
lized also.

The activated molecular sieve material 50 may com-
prise heat treated activated charocal or other well
known comparable materials. The sieve 38 is disposed
upon the mesh 37 by conventional procedures as by ap-
plying a charcoal-containing paint or applying finely
divided charcoal to an adhesive coated upon the mesh
37.

Where large temperature differentials exist, the ad-
sorptive process may be relatively unimportant. In situ-
ations, however, where such differentials do not exist
or where the temperature at the oxygen source is
higher than the body temperature of the user, the ad-
sorptive process may become more significant. The in-
teraction of the moisture content of the respiratory gas
flow with the regenerator matrix 36 is essentially analo-
gous to that of the heat content in accordance with well
known principles of thermodynamics and chemistry;
thus, moisture is retained and surrendered by the ma-
trix 36 in a manner similar to that described above for
heat, and the matrix 36 serves as a regenerator for
moisture as well as heat.

It should be noted that the regenerator matrix 36 is
not confined to use in situations where the source of
life supporting gas is at a lower temperature of humid-
ity level than required for biological processes. The re-
generator matrix 36 may be used in situations where
there is a difference in any direction of the characteris-
tics of the oxygen source from biologically favorable
levels of temperature and humidity. For example,
where the oxygen source—as in the desert environmen-
t—is at an elevated temperature level and a depressed
humidity level, the regenerator matrix 36 with the mo-
lecular sieve material 50 operates as described above
with respect to the mositure content of the respiratory
gas flow while operating in a reverse manner with re-
spect to thermal content of the respiratory gas flow.
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FIG. 6 depicts another specific example of a flow
conditioner in accordance with the invention. Alternat-
ing layers 52, 54 of moisture active and heat active ma-
terials respectively are disposed adjacent one another,
to form a regenerator matrix 56. The layers 52 are
shown to comprise separated filaments or mesh of a hy-
groscopic moisture active material such as fibrous car-
bon or leached silica.

The layers 54, as in the example of FIG. 4, comprise
filaments or mesh of highly heat conductive material
such as copper. The disposition and configuration of
the layers 52, 54 are similar to those of FIG. 4. The lay-
ers 52, 54 are thermally insulated from the housing and
may be removably connected thereto. :

The operation of the example of FIG. 6 is similar to
that of the example of FIG. 4 except that here the respi-
ratory gas flows pass through twice as many separate
mesh layers in each respiratory cycle as in the previous
example, and the storage effects take place in different
elements.

In a different arrangement in accordance with the in-
vention as shown in FIG. 7, a flow conditioner 60 may
be positioned at a remote location between a mouth-
piece 62 and a processor system or other life support
means or oxygen source 64. The term ‘“remote’ does
not indicate that a substantial spacing is necessarily re-
quired, only that the flow conditioner 60 may be dis-
posed somewhere along a preexisting or specially
adapted inspiratory conduit 66 and expiratory conduit
68 instead of being disposed adjacent to or as a part of
a mouthpiece apparatus. In this arrangement, the flow
conditioner 60 comprises a housing 70 containing a
matrix 72 comprising a plurality of heat conductive ele-
ments, specifically a mass of copper wool. Bypass con-
duits 74, 76 shunt the housing 70, each conduit includ-
ing a pressure responsive valve 78. The bypass valve 78
may be set adjustably to respond to any desired pres-
sure differential across it, to open so as to permit free
flow in response to a selected pressure differential.
Check valve 80 insures proper flow direction of the re-
generating flows. It should be noted that the bypass ar-
rangement may be employed with the mouthpiece re-
generator as such.

In the operation of the system of FIG. 7, the primary
function of flow conditioning is effected within the sep-
arate inspiratory conduit 66 and expiratory conduit 68
by the copper wool body 72. Heat taken into the mass
72 during the expiratory cycle is readily conducted
throughout the mass within the housing 70, and given
up to the inspiratory flow. Moisture is accumulated
within the copper wool mass 72, migrating on succes-
sive exhalations into the region of the inspiratory con-
duit 66. Thus, a substantially greater storage volume is
made available for both heat and moisture retention
and release, and the structure not only provides 4n in-
terchange between the incoming and outgoing flows
but an averaging or integration of the characteristics of
the flows.

The invention is not to be considered to be confined
in scope or construction to the specific examples illus-
trated above but rather is to be considered to embrace
all variations and modifications within the scope of the
invention as set out in the following claims.

What is claimed is:

1. Apparatus for adjusting the temperature and hu-
midity levels of respiratory gas flows for a respiring user
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successively expelling expiratory gases and inspiring
inspiratory gases, said apparatus comprising:

a housing having a fluid sealing connection adapted
to be connected to a user and defining an orifice
for passage of said respiratory gases to and from
said user; and

a flow conditioner comprising at least one thermal
regenerator matrix comprised of a permeable ma-
terial, said matrix defining at least one cylinder
having a central cavity and defining an orifice at
one longitudinal end thereof and including means
providing a transverse seal at the other longitudinal
end thereof, said cylinder being disposed axially
and internally with respect to the housing, said cyl-
inder and said seal being spaced from said housing
whereby gas is allewed to flow through said matrix
along the inner walls of said housing and past said
seal.

2. The invention as set forth in claim 1 wherein said
at-least one matrix comprises a plurality of adjacently
disposed layers of highly heat conductive filaments
configured in a peripherally multi-fluted cylinder hav-
ing a central cavity.

3. The invention as set forth in claim 2 wherein said
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at least one matrix has a total volume of approximately
10-100 cc and wherein the thickness of said plurality
of layers comprises approximately 0.040 inch, and said
layers comprise copper wire screen of approximately
200 mesh, there being at least 10 layers thereof.

4. The invention as set forth in claim 3 including hy-
groscopic means having an extended surface for mois-
ture exchange with said gas flows, said hygroscopic
means comprising an activated molecular sieve mate-
rial coating upon at least one of said plurality of layers.

5. The invention as set forth in claim 4 wherein said
flow conditioner comprises a pair of like adjacent cylin-
ders disposed axially with respect to the gas flows, and
including an open end adjacent said orifice and a
closed interior end, such that gas flows pass substan-
tially radially through the layers thereof with respect to
the central axis of each cylinder, and substantially uni-
formly across the entire surface area of each cylinder,
and wherein in addition said hygroscopic means is sub-
stantially uniformly disposed on all said layers and
comprises activated charcoal powder and means adhe-

sively binding said powder to said layers.
* * * * *
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