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(57) ABSTRACT 

A gas separation system for extraction of gas from pressur 
ized ?uid has a gas sampling interface and gas circulation 
tubing to pass sampled gas to a gas sensor to determine the 
character or a property of the gas. The gas sampling interface 
includes a semi-permeable membrane in the form of tubing 
having an inner core volume With an internal support that 
provides multiple supporting surfaces to prevent collapse of 
the tubing Wall against external pressure and provides inter 
stitial spaces for the How of gas. Internal supports may 
include a coil of spring-like con?guration ?tted coaxially 
Within the tubing; or multiple ?laments that form a longitu 
dinal bundle Within the core of the tubing, or both. An outer 
tubular conduit surrounding the semi-permeable membrane 
tubing provides a How path for the external ?uid to increase 
the rate of diffusion of dissolved gases through the semi 
permeable membrane. 

20 Claims, 3 Drawing Sheets 
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SYSTEM FOR THE TRANSFER AND 
SENSING OF GAS DISSOLVED IN LIQUID 

UNDER PRESSURE 

FIELD OF THE INVENTION 

This invention relates to the separation of a gas from a 
liquid and to the mass transfer of a gas present Within a liquid 
in a high-pressure environment into a loW pressure environ 
ment. More particularly, it relates to the detection of the 
presence of gas Within a liquid and, in particular to sampling, 
identifying the character or property, and quantifying the 
amount and/or partial pressure of gas dissolved in ?uids liq 
uids under pressure, including in Water at depth in the Water 
column of the ocean or a river or lake, or in Water or other 
liquid con?ned in a pressure vessel in industrial process or 
storage applications. 

Further, it relates to the use of the pressure-resistant mem 
brane of the system to achieve the mass transport of a gas into, 
or out of, solution With a liquid under pressure. 

BACKGROUND TO THE INVENTION 

In the ?eld of oceanography, it is often desired to obtain a 
direct measurement of the identity and pressure of dissolved 
gases present in seaWater or freshWater. A major target gas is 
carbon dioxide ‘CO2. Known techniques for obtaining such 
measurements include the use of semi -permeable membranes 
that alloW such gases to penetrate into a sampling volume, 
While resisting the penetration of the external liquid and sus 
taining the hydrostatic pressure so that it does not collapse the 
sampling volume. 

Samples of prior art techniques for measuring the partial 
pressure of gases, and particularly carbon dioxide dissolved 
in seaWater, are respectively European patents EP-Ol 04 35 85 
A2 and EP-OO 59 26 32 A1.An example of a planar membrane 
Which is supported in order to resist hydrostatic pressure is 
described in US. Pat. No. 5,121,627. The support of the 
planar geometry of a membrane against substantial hydro 
static pressures, While preserving structural integrity and 
semi-permeability of the membrane, is di?icult, and is 
impracticable in applications Where a relatively large total 
area of membrane is required for an acceptably high rate of 
penetration of the gas under detection into the sampling vol 
ume, With corresponding enhancement of response time per 
formance. 
Use of semi-permeable membranes in the format of tubing 

is described in US. Pat. Nos. 3,871,228; 4,563,892, and 
4,662,210. An advantage ofthe use oftubing is that, particu 
larly in respect of smaller diameter tubing, the curved Walls of 
semi-permeable membrane material can be largely self-sup 
porting, at least at loWer pressures. Thus, the area limitations 
of the planar membrane can be overcome, in that the surface 
of the tubular membrane forms the effective area for penetra 
tion of gas into the interior volume, and may be increased 
proportionally by the length of the tubing comprising the 
membrane. 

HoWever, at higher hydro static pres sures, the semi-perme 
able material forrning the tubular membrane does not have 
suf?cient mechanical strength to resist the external pressure 
and Will undergo collapse to close the interior space such that 
the penetration of the gas and its transfer to the detection 
instrumentation is obstructed. It is also knoWn that to create a 
optimal system for the detection and measurement of gas by 
penetration of the gas from a liquid through a semi-permeable 
membrane into a sample space, the volume of the sample 
space must be relatively small in relation to the active mem 
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2 
brane area to achieve reasonably rapid equilibration of the gas 
in the sample space With the ambient liquid from Which it Was 
derived, thereby shortening the response time of the instru 
mentation. 

In US. Pat. No. 5,763,762, it is suggested that a ?ller for 
the purpose of reducing the internal volume of a tubular 
semi -permeable membrane may be provided from the group: 
thread, mono -?lament, poWder, Wire, in situ formed polymer, 
?uid and any combination of these. HoWever, US. Pat. No. 
5,763,762, does not discuss as a design consideration, the 
utility of a system for the detection or measurement of a gas 
dissolved in liquid under pressure, or the incorporation of the 
feature of a pressure resistance membrane as an element of 
the invention claims. 

Fillers of the type previously proposed Will have a tendency 
to permit partial or complete collapse of the tubing, the com 
pression and constriction of the ?ller substrate, or the render 
ing the membrane susceptible to mechanical penetration or 
rupture by the forcing of the membrane ?lm into voids in the 
?ller substrate or projections on ?ller elements, thereby 
increasing the pressure drop occurring When sampled gas is 
removed from the core of such tubing or rendering the system 
non-functional. 

Further, in order to shorten the response time of such a 
system, it is desirable for the gases present in the external 
liquid to be exposed to the semi-permeable membrane With 
minimal interference from boundary layers that are depleted 
in such gases. 
The invention addresses the objects of overcoming the 

disadvantages of the prior art and provides for a neW form of 
gas detection and transfer system that operates With a mini 
miZed response time. 
The invention in its general form Will ?rst be described, and 

then its implementation in terms of speci?c embodiments Will 
be detailed With reference to the draWings folloWing hereaf 
ter. These embodiments are intended to demonstrate the prin 
ciple of the invention, and the manner of its implementation. 
The invention in its broadest and more speci?c forms Will 
then be further described, and de?ned, in each of the indi 
vidual claims Which conclude this Speci?cation. 

SUMMARY OF THE INVENTION 

According to the present invention, in one aspect an gas 
transfer or detection system relies on a semi-permeable mem 
brane in the format of tubing Which contains an internal 
support. According to one embodiment, the internal support 
presents multiple, generally cylindrical, supporting surfaces 
to the inside Wall of the tubing. Such multiple cylindrical 
supporting surfaces may be provided by a coil of spring-like 
con?guration ?tted coaxially Within the tubing. Alternately, 
such multiple cylindrical supporting surfaces may be pro 
vided by multiple ?laments that form a longitudinal bundle 
Within the core of the tubing. 

Both variants of the invention enable use of a relatively 
thinner Wall in the tubing Which serves as a semi-permeable 
membrane. Both variants act by providing support for the 
inner Wall of such tubing. An advantage of the use of the 
coil-format variant is that gas samples may be removed from 
the inner core of the coil rapidly With minimum pressure drop. 
An advantage of the use of the ?lament format of the inven 
tion is that the sampling volume present inside the tubing, in 
the interstitial spaces betWeen the ?laments, is reduced in 
siZe. 

In both cases, in the gas detection mode gas circulation 
means may be used to pass sample gas present Within the 
tubing to the gas sensor or detector present Within the instru 
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ment. Such sensor may determine the pressure of the gas in 
the gas sampling volume. It may also determine the character 
or property of such gas, for example and Without constituting 
a limitation, identifying the presence of dissolved oxygen or 
carbon dioxide or distinguishing betWeen the partial pres 
sures of different categories of gases present in the gas sam 
pling volume, corresponding to the dissolved gases present in 
the external liquid. 

To enhance the response of the instrument to changes in 
ambient dissolved gases, the semi-permeable membrane tub 
ing may be surrounded by an outer, preferably co-axial, tubu 
lar conduit or channel through Which the external liquid is 
forced to folloW. By imposing a How rate on such external 
liquid, the boundary layer of gas-depleted liquid adjacent the 
semi-permeable membrane is reduced in thickness. This has 
tens the mass transfer rate of gas from the liquid through the 
semi-permeable membrane, shortening the response time of 
the instrument. 

According to a further variant, the liquid in the outer tubu 
lar conduit is forced to folloW a spiral path around the semi 
permeable membrane tubing. This spiral path may be 
imposed, for example, by placing a spiral baf?e on the outer 
Wall of the membrane or the inner Wall of the outer tubular 
conduit. In a speci?c embodiment of this variant, the spiral 
baf?e may be created by a copper Wire in the form of an 
expanded spring of diameter approximately equal to the 
annular space betWeen the outer tubular conduit and the semi 
permeable membrane tubing Within such conduit. Copper is 
preferred as being toxic to microorganisms that Would other 
Wise foul the outer surface of the semi-permeable membrane. 

The foregoing summarizes the principal features of the 
invention and some of its optional aspects. The invention may 
be further understood by the description of the preferred 
embodiments, in conjunction With the draWings, Which noW 
folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of the sensorpackage includ 
ing a gas circulation means to pass gas present Within the 
cylindrical membrane interface to the gas sensor present 
Within the instrument. 

FIG. 2 is a perspective vieW of the cylindrical membrane 
With detail of the Wire coil spring internal support. 

FIG. 3 is a perspective vieW of the cylindrical membrane 
With detail of the longitudinal ?lament bundle internal sup 
port having interstitial spaces betWeen adjacent ?laments. 

FIG. 4 is a diagram of the connection betWeen the cylin 
drical membrane interface and the tubing from the sensor 
package. 

FIG. 5 is a diagram of the spiral baf?e betWeen the cylin 
drical membrane interface and the outer conduit tubing. 

FIG. 6 is a schematic diagram of the sensor package of FIG. 
1 incorporating multiple gas absorption means operating 
through a manifold. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 is a schematic depiction of the sensor package 1 and 
tubular membrane interface 2 Which has been immersed into 
a liquid phase 3 containing dissolved gas 4. Connecting tub 
ing 5 extends betWeen the membrane interface 2 and the 
sensor package 1. The sensor package 1 includes a sensor 
capable of measuring a component or property of the gas that 
is sampled by the membrane interface 2. For example, the 
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4 
entire system may be submerged as in an underWater instru 
ment or the sensor package 1 may be above Water or in a 
laboratory. 
The membrane interface 2 may be attached to the sensor 

package 1 at only one end, relying on diffusion to communi 
cate With the sensor package 1. Alternately, for ?oW-through 
applications, the tubular membrane interface 2 may be 
coupled at both ends to the sensor package 1. Further, the 
tubular membrane interface 2 may be in the form of multiple 
tubings Which are interconnected or connected at a manifold. 
In the case of a ?oW-through con?guration, both ends may be 
closed during equilibration Whereby the membrane interface 
2 acts as a knoWn volume sample loop. 

Examples for the sensor are a pressure sensor, a gas chro 
matograph, a mass spectrometer, an optical cell or any other 
sensor that measures a property of the one or more captured 
gases. The sensor of the sensor package 1 may also be incor 
porated into the actual tubular membrane interface 2, as in the 
case Where the system comprises an optical cell. 

Substances to be sampled Will typically be gases that Will 
equilibrate across or pass through the interface betWeen liq 
uid phase and the inner core volume 6 of the tubular mem 
brane interface 2 Which serves as a sample gas circulation 
volume. The system applies to any substance that can be made 
to pass through the interface that serves as a barrier for other 
substances, and equilibrate, or otherWise be detected or mea 
sured, even if not equilibrated. 

FIG. 2 depicts a tubular membrane interface 2 supported by 
a support member 7 in the form of a spiral coil 8. The spiral 
coil 8 may be made of Wire or any equivalent material. The 
Wire in such spiral coil 8 need not be necessarily round, but 
could be of any cross-section, e.g. square or spiral in cross 
section, Which is effective for the application. It is in this most 
generaliZed sense that such support members are “cylindri 
cal”. The spiral should be Wound suf?ciently tightly as to 
preclude the collapse of the tubular membrane 2 into gaps 
betWeen consecutive coils. 

FIG. 3 depicts a tubular membrane interface 2 supported by 
an alternate support member 7 in the form of a Wire bundle 9. 
While referred to as “Wire”, these elements need not be made 
of metal, and any equivalent functioning form of ?lament 
maybe employed. The Wire bundle 9 Will typically be com 
posed of large numbers of ?ne Wires. The Wires may be in 
patterned in groups, i.e., tWisted bundles of multiple Wires, or 
may be packed individually. The Wires in such bundles 9, as 
With the Wires of the spiral coil 8, need not be necessarily 
round, but may be of any cross-section, e. g. square or spiral, 
Which is effective for the application. The multiple ?laments 
that form a Wire bundle 9 contain longitudinal channels that 
provide interstitial spaces betWeen adjacent ?laments of the 
longitudinal bundle for the How of gas Within the inner core 
volume 6 Which serves as a sample gas circulation volume. 

Both Wire bundle-supported and coil spring-supported 
supports 7 may be of any length, but have been found to 
provide useful sampling interfaces in lengths of a feW centi 
meters to several meters. Both coiled spring 8 supported and 
Wire bundle 9 supported types of interfaces have been shoWn 
to provide proof against pressures in excess of 600 PSI, main 
taining resistance against this pressure for periods of Weeks. 
Use of supported semi-permeable interfaces of the inven 

tion is not limited to applications involving high external 
liquid pressures, but may also ?nd application in cases Where 
the interior of the interface has been evacuated. Further, inter 
faces according to the invention may be employed Where the 
object is to introduce a high-pressure gas into a liquid under 
loWer pressure. In such case, the liquid ?oWs through the 
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central core volume of the tubular membrane interface, and 
the gas is present in the exterior environment. 

Di?iculty may attend the covering of the coiled spring 
support 8 With the tubular semi-permeable membrane 2. The 
tubular membrane 2 Will need to be stretched over the coil 
spring support 8 in order to avoid excessive pressure increases 
inside the interface When the liquid pressure increases out 
side. The coiled spring 8 may be forced inside of the tubular 
membrane 2 by sliding, and this can be assisted With addition 
of lubricant such as soap or even Water. HoWever, this 
approach to fabrication may often result in a damaged mem 
brane. Other methods of inserting the coiled spring 8 may also 
include pressuriZing the inside of the tubular membrane 2 
With air or Water to increase the internal diameter of the 
membrane so that the coiled spring 8 can be inserted therein. 
One particularly effective means of fabricating the coiled 

spring supported interface involves inserting the coiled spring 
8 into a tubular membrane interface 2 made of elastically 
resilient material that, in its relaxed condition has an inside 
diameter Which is larger than the outside diameter of the 
coiled spring 8. Then, by stretching the over-siZed tubular 
membrane 2 longitudinally the diameter of the oversiZed 
tubular membrane 2 Will decrease and can be made to ?t 
tightly against the outside diameter of the spring 8. An added 
advantage of this method of assembly is that the thinning of 
the membrane Wall of the tubular membrane 2 Will enhance 
the rate of mass transfer of gases through such membrane 
Wall. 

Using this technique, a typical fabrication might include 
stretching silicone tubing of siZe 0.055" ID over a spring of 
0.039" OD. With this particular interface the starting silicone 
tube 2 length is chosen to be 1/2 to 2/3 of the spring length. 
Stretching the tubing 2 longitudinally to the length of the 
spring 8 then causes the inside diameter of the tubing 2 to 
conform to the outside diameter of the spring 8. The thinning 
of the Wall is illustrated by one assembly in Which a silicone 
cube 2 With a Wall thickness of 0.030" Was stretched to tWo 
times its relaxed length and in so doing decreased in Wall 
thickness to 0.013". 

Terminations on the ends of the tubular membrane inter 
faces 2 are intended to provide the same strength and resis 
tance against compression as the supported membrane, and 
Without introducing signi?cant impediment to gas ?oW. One 
method for providing this termination, as depicted in FIG. 4, 
is to drill rigid (usually metal although may be plastic, or 
other material) interface tubing 10 and insert the end of the 
coil spring 8 about 1 centimeter into this drilled hole 11. Then, 
the semi-permeable membrane tubing 2 is pushed at least one 
centimeter over the outside of the drilled metal or plastic 
tubing 10. Another piece of silicone-type or other ?exible 
tubing 12 (here called the “?exible termination tubing”) With 
an inside diameter smaller than the outside diameter of the 
interface tubing 10 is stretched to slip over the joint such that 
this piece of ?exible termination tubing 12 covers at least one 
centimeter of the coiled spring 8 supported interface on one 
end. 

This ?exible termination tubing 12 spans the joint at one 
end and then, at the other end, covers several centimeters of 
the rigid metal or plastic interface tube 10. External Wire 13 or 
a similar ?lament is then Wrapped around this outer, ?exible 
termination tubing 12 Where it covers the rigid tubing 10. A 
?nal layer of heat-shrink tubing (not shoWn in FIG. 4) is 
applied over the termination such that the heat shrink tubing 
completely covers and overlaps the external Wire 13 or similar 
?lament, and the ends of the ?exible termination tubing 12. 
Both ends of the interface are treated in the same manner. The 
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6 
result is a supported interface With rigid tubing at the ends for 
connection via e.g., SWagelok or other means to an appro 
priation sensor package 1. 

In order to improve the rate of equilibration across the 
liquid/ gas interface, it has been found useful to force the 
external liquid e. g. Water, to ?oW adjacent to the tubular 
semi-permeable membrane interface 2 in intimate contact 
With its outside surface. Equilibration of one such interface 
improved from a time constant of tWo minutes to a time 
constant of ?fteen seconds When such a ?oW Was imposed. 
One method of imposing intimate ?oW adjacent the outside 
surface of the tubular membrane interface is to place such 
interface 2 tubing inside a larger diameter ?oW-control cyl 
inder or ?oW con?nement structure 14, and then pump liquid 
to be sampled through the annular space 15 so formed. The 
?oW path for the liquid induced by this cylinder 14 can be 
formed Within any solid body. 
One challenge arising in this method is keeping the tubular 

membrane interface near the center of the ?oW channel. This 
can be done by placing a helical baf?e 16 (for example a 
copper Wire) on the inside Wall of the ?oW tube 14. This 
feature is shoWn in FIG. 5. As depicted, the helical baf?e 16 
?lls the Width of the annular space 15. Such a helical baf?e 16 
need not ?ll the entire Width of the annular space 15, although 
this Would be preferable. It is suf?cient for it to induce a spiral 
?oW path in the liquid. By this means pumped liquid is then 
forced to sWirl around the annular gap 15 and provide a highly 
e?icient mass transfer. Further, effective mass transfer of the 
gas through the cylindrical membrane interface 2 can be 
achieved by forming a channel in the ?oW con?nement struc 
ture 14 to receive the helical baf?e. Thus, such channel can be 
cut into the surface of a supporting body 14 Whereby the 
liquid is con?ned Within such channel. 

It is desirable to maintain the ?oW conduit 14 generally 
coaxial With the cylindrical semi-permeable membrane 2. 
Where the helical baf?e 16 is not of suf?cient depth to main 
tain such generally co-axial position of the ?oW conduit 14 it 
may be necessary to provide spacing lugs on the inside sur 
face of the ?oW conduit to preserve the co-axial position of the 
cylindrical membrane 2. 

It has been found useful to coil the resulting assembly 
around a forming spool to create a larger spiral, increasing the 
density of the assembly in a manner similar to that present in 
DNA. Increased compactness for the assembly can also be 
achieved by inserting it into a channel that is fabricated as part 
of the instrument housing. The radius of curvature of the 
assembly should be kept large enough to avoid spreading the 
internal supporting coiled spring 8 and thereby Weakening the 
support provided to the tubular membrane interface 2. For a 
tubular membrane interface 2 supported by a 0.039" diameter 
spring, a radius of curvature of about 3" appears su?icient to 
avoid this problem. 

It is also possible to reduce the inner core volume 6 Within 
a spirally supported tubular membrane interface 2 by inser 
tion of a mono?lament ?ller Within such inner core. A ?lled 
core system is more appropriate for measurements of gas 
pressure. FloW-through systems, e. g., for measuring other 
parameters of speci?c gases, are usually better served When 
the dead volume is unobstructed. Typical results for employ 
ment of a mono?lament ?ller in a spring-supported tubular 
membrane interface in a system that directed to measuring 
partial gas pressure are reported as folloWs: 
A 0.039" OD spring With ID 0.019" Was covered With a 

silicone tube of 0.059" ID With 0.010" thick Wall. The tubing 
2 Was then stretched in length to tighten in diameter around 
the spring 8. A pressure sensor With dead volume of 0.3 cm3 
Was attached to the interface at one end and the other end of 
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the interface Was closed off. Eight feet of the supported tubu 
lar membrane interface 2 Was then placed inside a 5/16" ID 
external plastic tube 14 and Water pumped at the rate of one 
gallon per minute through the annular space 15 around the 
interface. At time Zero, one liter of degassed Water Was mixed 
into the tank of air-saturated Water. The time constant for 
equilibration of the interface/pressure sensor Was measured 
to be 3.5 minutes Without mono?lament inside the spring 8 
interface. With 0.013" mono?lament occupying dead volume 
Within the inner core volume 6 the time constant Was 1.8 
minutes. 

However, ?lling the interface With a larger diameter ?ller 
(e. g. 0.016" mono?lament) actually resulted in a longer time 
constant for equilibration. This effect may arise because the 
resistance to gas ?oW through the interface increased. 

CONCLUSION 

The foregoing has constituted a description of speci?c 
embodiments shoWing hoW the invention may be applied and 
put into use. These embodiments are only exemplary. The 
invention in its broadest, and more speci?c aspects, is further 
described and de?ned in the claims Which noW folloW. 

These claims, and the language used therein, are to be 
understood in terms of the variants of the invention Which 
have been described. They are not to be restricted to such 
variants, but are to be read as covering the full scope of the 
invention as is implicit Within the invention and the disclosure 
that has been provided herein. 

The embodiments of the invention in Which an exclusive 
property or privilege is claimed are de?ned as folloWs: 

1. In a gas sensing system for measuring the character or a 
property of a gas dissolved in Water at depth in the Water 
column of the ocean or a river or lake, or of Water or other 
liquid con?ned in a pressure vessel in an industrial process or 
storage application, the combination of: 

i) a gas sensor for detecting a characteristic or property of 
at least one gas presented to said sensor, 

ii) a gas absorption means for effecting the transfer of gas 
dissolved in said Water or other liquid under pressure 
into a sample gas volume to provide sample gas, and 

iii) the sample gas volume being connected to pass gas 
present therein to the gas sensor through sample gas 
circulation tubing; 

said gas absorption means comprising: 
a) a semi -permeable membrane admitting the transfer of 

gas While substantially excluding the penetration of 
liquid, such membrane being in the form of tubing 
having an outside surface, a tubing Wall, an inside 
tubing Wall surface and an inner core volume; and 

b) an internal support present Within the inner core vol 
ume, the internal support having multiple spaced sup 
porting surfaces Which are presented to the inside 
tubing Wall surface to provide support for said tubing 
Wall against a pressure differential existing betWeen 
the exterior of the tubing Wall and the inner core 
volume, 

c) Wherein the sample gas circulation tubing communicates 
With the inner core volume of said gas absorption means for 
carrying sample gas present therein to said gas sensor, 
Whereby gas dissolved in the liquid When present outside the 
tubing Wall having the outside surface may pass through said 
tubing Wall into the inner core volume and be transported by 
the sample gas circulation means to the gas sensor for detec 
tion of the gas that has passed through the tubing Wall. 

2. A gas sensing system as in claim 1 Wherein said internal 
support comprises a coil of spiral spring-like con?guration 
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8 
Wound suf?ciently tightly to preclude the collapse under pres 
sure of the tubular membrane betWeen consecutive coils and 
?tted coaxially Within the tubing to provide space for the How 
of gas Within the inner core volume of the membrane, the coil 
having an inner coil passage With open ends for communica 
tion of sample gas to the gas sensor. 

3. A gas sensing system as in claim 1 Wherein said internal 
support comprises multiple ?laments that form a longitudinal 
bundle containing longitudinal channels that provide intersti 
tial spaces betWeen adjacent ?laments of the longitudinal 
bundle for the How of gas Within the inner core volume. 

4. A gas sensing system as in any one of claims 1, 2 and 3 
Wherein the membrane of the tubing Wall is under longitudi 
nal tension. 

5. A gas sensing system as in claim 1 Wherein said sensor 
determines the partial pressure of at least one gas present in 
the inner core volume. 

6. A gas sensing system as in claim 1 Wherein the gas 
absorption means comprises multiple gas absorption means 
Which are interconnected through a manifold to the sample 
gas circulation means. 

7. A gas absorption means for affecting the transfer of gas 
dissolved in a liquid under pressure comprising: 

a) a semi-permeable membrane admitting the transfer of 
gas While substantially excluding the penetration of liq 
uid, such membrane being in the form of tubing having 
an outside surface, a tubing Wall, an inside tubing Wall 
surface and an inner core volume; and 

b) an internal support present Within the inner core volume, 
the internal support having multiple spaced supporting 
surfaces Which are presented to the inside tubing Wall 
surface to provide support for said tubing Wall against a 
pressure differential existing betWeen the exterior of the 
tubing Wall and the inner core volume, 

Whereby gas dissolved in the liquid When present outside the 
tubing Wall may pass through the tubing Wall into the inner 
core volume, and further comprising, to enhance the response 
of the gas absorption means to changes in ambient dissolved 
gases and: 

c) an outer tubular conduit surrounding and connected to 
the semi-permeable membrane tubing and providing a 
How path for the liquid to folloW that is adjacent to the 
outside surface of said semi-permeable membrane tub 
111g, 

Whereby liquid may be caused to pass along said How path 
and thereby increase the rate of mass transfer of dissolved 
gases through the semi-permeable membrane. 

8. A gas absorption means as in claim 7 Wherein the How 
path is an annular ?oW path and Wherein said annular ?oW 
path comprises a hectically formed baf?e to de?ne such ?oW 
path. 

9. A gas absorption means as in claim 8 Wherein the heli 
cally formed baf?e has a Width that occupies the space 
betWeen the outer tubular conduit and said semi-permeable 
membrane tubing. 

10. A gas absorption means as in claim 9 Wherein the 
hectically formed baffle comprises copper Wire so as to be 
toxic to microorganisms that Would otherWise foul the outer 
surface of the semi-permeable membrane. 

11. A gas absorption means as in claim 7 Wherein said 
internal support comprises a coil of spring-like con?guration 
Wound suf?ciently tightly to preclude the collapse under pres 
sure of the tubular membrane betWeen consecutive coils and 
?tted coaxially Within the tubing to provide space for the How 
of gas Within the inner core volume. 

12. A gas absorption means as in claim 7 Wherein said 
internal support comprises multiple ?laments that form a 
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longitudinal bundle containing longitudinal channels that 
provide interstitial spaces betWeen adjacent ?laments of the 
longitudinal bundle for the How of gas Within the inner core 
volume. 

13. A gas absorption means as in any one of claims 7, 8, or 
9 Wherein the membrane of the tubing Wall is under longitu 
dinal tension. 

14. A gas transfer system for affecting the transfer of gas 
under pressure comprising: 

a) a semi-permeable membrane admitting the transfer of 
gas While substantially excluding the penetration of liq 
uid, such membrane being in the form of tubing having 
an outside surface, a tubing Wall, and an inside tubing 
Wall surface and an inner core volume, the tubing Wall 
being under longitudinal tension; and 

b) an internal support present Within the inner core volume, 
the internal support having multiple spaced supporting 
surfaces Which are presented to the inside tubing Wall 
surface to provide support for said tubing Wall against a 
pressure differential existing betWeen the exterior of the 
tubing Wall and the inner core volume, 

Whereby gas present under a given pressure outside the tubing 
Wall may pass through the tubing Wall into the inner core 
volume When the inner core volume is at a pressure that is 
loWer than the given pres sure. 

15. A gas transfer system as in claim 14 Wherein said 
internal support comprises a coil of spiral spring-like con 
?guration Wound suf?ciently tightly to preclude the collapse 
under pressure of the tubular membrane betWeen consecutive 
coils and ?tted coaxially Within the tubing to provide space 
for the How of gas Within the inner core volume. 

16. A gas transfer system as in claim 14 Wherein said 
internal support comprises multiple ?laments that form a 
longitudinal bundle containing longitudinal channels that 
provide interstitial spaces betWeen adjacent ?laments of the 
longitudinal bundle for the How of gas Within the inner core 
volume. 

17. A gas transfer system as in any one of claims 14, 15 or 
16 further comprising: 
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a) an outer tubular conduit surrounding the semi-perme 

able membrane tubing and providing a How path for the 
liquid to folloW that is adjacent to the outside surface of 
said tubing; and, 

Whereby the ?uid may be caused to pass along said How path 
and thereby increase the rate of mass transfer of dissolved 
gases through the semi-permeable membrane. 

18. A gas transfer system as in claim 17 Wherein the How 
path is an annular ?oW path and Wherein said annular ?oW 
path comprises a hectically formed baf?e present therein that 
occupies the space betWeen the outer tubular conduit and said 
tubing. 

19. A gas transfer system as in claim 18 Wherein the heli 
cally formed baf?e comprises copper Wire so as to be toxic to 
microorganisms that Would otherWise foul the outer surface 
of the semi-permeable membrane. 

20. A method for installing a semi-permeable, tubular, gas 
transfer membrane having a tubing Wall and an inner core 
volume With an inside diameter over an internal support in the 
form of a coil of spring-like con?guration With an outside 
diameter to be ?tted Within the inner core volume, comprising 
the steps of: 

a) selecting a tubular membrane of elastically resilient 
material that, in its relaxed condition, has an inside 
diameter Which is larger than the outside diameter of the 
coil of spring-like con?guration and therefore consti 
tutes an over-siZed tubular membrane; 

b) inserting the coil Within the inner core volume of the 
tubular membrane; 

c) stretching the over-siZed tubular membrane longitudi 
nally over the coil and thinning the membrane Wall until 
the diameter of the oversiZed tubular membrane has 
decreased to conform to the outside diameter of the coil 
of spring-like con?guration With the tubing Wall being 
under longitudinal tension; and 

d) ?xing the ends of the membrane so as to retain the 
membrane in place over the coil in a condition of longi 
tudinal tension. 
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