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ABSTRACT: A ?uid pump comprising an outer casing having 
two internal diameters to provide an annular step and a ?exi 
ble tubular membrane positioned within said outer casing. A 
passive ?uid ?ows within the ?exible tubular membrane and a 
pumping ?uid passes between the inner wall of the outer cas 
ing and the ?exible tubular membrane. The ?exible tubular 
membrane in its expanded position provides a ?uid seal for the 
pumping ?uid along the inner wall ofthe casing and the annu 
lar step. Compression and the expansion ofthe ?exible tubular 
membrane, due to the pressure differential between the two 
aforementioned ?uids, allows the passive ?uid and the pump 
ing ?uid to be successively expelled from the pump upon the 
closing and opening ofthe ?uid seal, respectively. 
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SPACE SUIT AND MEMBRANE PUMP SYSTEM 
THEREFOR 

This invention relates generally to a ?uid pump apparatus 
and, more particularly, to apparatus in which one ?uid is 
pumped by the action of another ?uid. The invention provides 
a pump that moves ?uid material by an action closely akin to 
peristalsis, that is, where the contents of a membrane within 
the pump is forced onward by successive membrane contrac 
tlons. . 

Recent advances have been made in the arts of pure ?uid 
devices and in protective suits for pilots and other personnel 
who occupy non-pressurized cabins of 'vehicles that operate at 
altitudes greater than 12 miles above sea level. Such advances 
as these have demonstrated a need for a simpli?ed. light 
weight, and reliable ?uid pump that has relatively few moving 
parts and that is not dependent upon a source of electrical 
energy for power. One of the major problems heretofore en 
countered in the attempts to meet these needs has been the in 
ability of such a pumping device to be disassociated entirely 
from a source of electrical energy. 

For example, ?uid pumps have been proposed wherein'one 
?uid (the pumping ?uid) is used to move another ?uid. 
Among the pumps that fall within this category are those 
which comprise a rigid outer casing having a ?exible-walled 
conduit positioned therein as an inner lining. The ?uid to be 

25 

pumped (the passive ?uid) ?ows through the ?exible-walled , 
conduit, while the pumping ?uid is forced into the annular 
volume between the ?exible-walled conduit and the inner sur 
face of the casing. Such pumps are peristaltic in nature in that 
the passive ?uid is pumped by sequentially compressing (by 
means of the pumping ?uid pressure) the ?exible-walled con 
duit containing the passive ?uid. 
Although prior art peristaltic pumps have been found to 

perform reasonable well in many applications, there are 
several disadvantages attendant their use. First, it is not 
unusual to ?nd that more than one of the casing-conduit as 
semblies described above are needed to constitute the pump. 
In such an event, the casings are normally connected end-to 
end, and the peristaltic action is created by an external control 
valveor an auxiliary pump which causes pumping ?uid to be 
supplied cyclically to one of the casing-conduit assemblies at a 
time. Obviously, a ?uid pump in this con?guration is rather 
cumbersome and has an excessive number of moving parts. 
Second, in prior art ?uid pumps having but one casing-conduit 
assembly, the peristaltic action is created either by an external 
control valve or by travelling pressure waves in the pumping 
?uid which are generated by an external source of sinusoidal 
pressure. So that travelling pressure waves may be used to 
compress the ?exible conduit within the casing, the conduit is 
described as being composed of two materials of widely dif 
ferent moduli of elasticity, thus further complicating the con 
struction of the pump. Moreover, both ofthe aforementioned 
?uid pumps of the prior art have been described in the litera 
ture as requiring an auxiliary motor-driven pump for circulat 
ing the pumping ?uid through the casing-conduit assembly or 
for creating the travelling pressure waves. This requirement 
makes the ?uid pumps dependent upon some other motor 
driven pump and precludes their use where, for reasons of 
size, weight, the unavailability of electricty, or for other 
reasons, motors of any type cannot be used. 
Another type of ?uid pump, not of the character described 

above, has been proposed in an attempt to eliminate the 
requirement of an auxiliary motor power source by using ?uid 
power to operate the ?uid pump. The pump comprises 
generally a casing divided by a ?exible member. The passive 
?uid is injected into the lower one-half of the casing, the so 
called ?ow chamber. External valve means are used to 
produce cyclic ?uid pressure ?uctuations in the top half of the 
casing, termed the pumping chamber. The cyclic pressure 
?uctuations cause ‘a deformation of the member dividing the 
casing, causing passive ?uid to be drawn into and expelled 
from the ?ow chamber. Hydrostatic heads of ‘pumping ?uid 
such as waterfalls, compressed gas, pressurized pipelines, and 
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2 
the like, have been proposed as sources of ?uid pressure for 
the pumping chamber. However, even though such power 
sources have been employed with minor success with this 
prior art pump, they have not successfully provided a truly 
self-contained ?uid pump since external valving still has been 
required to cause ?uctuations in the pressure. The need for 
these auxiliary controls has detracted substantially from the 
usefulness of the pump. 

it is, therefore, an object of the present invention to provide 
a ?uid pump that does not require the use of external motors, 
relief valves or pumps for its operation. 
Another object of the invention is to provide an improved 

?uid pump that is operated by a ?uid source of substantially 
constant pressure. 

It is a further object of the invention to provide a ?uid pump 
having relatively few moving parts, which is ‘easily manufac 
tured, and which will have an extremely long and useful life. 

It is still another object of the invention to provide a ?uid 
pump for moving one ?uid by means of a pressure differential 
existing between said one ?uid and a second ?uid. 
Another object of the present invention is to provide a self 

contained ?uid pump that is peristaltic in nature, in that a ?rst 
material is moved onward by compressing a ?exible tubular 
membrane containing the ?rst material by means of pressure 
in a second material. 

A further object of the invention is to provide a ?uid pump 
system for space enclosures in which ?uid, such as coolant 
?uid, is pumped by means of ?uid 
gas supplied to the space enclosure. 
These and other objects are accomplished in accordance 

with an illustrative embodiment of the invention by a ?uid 
pump employing an outer casing having a variable internal. 
volume and a ?exible tubular membrane positioned therein 
that extends the length of the casing. The tubular membrane‘ 
serves as a barrier between the pumping ?uid,and the passive 
?uid to be pumped. Also, the membrane serves to intermit» 
tently valve the ?ow of pumping ?uid, as will be pointed out in 
greater detail hereinafter. Suf?ce it to say that, in its expanded 
condition, the tubular membrane provides a ?uid seal for the 
pumping ?uid. Fluid to be pumped (passive ?uid) enters the 
casing and passes through the tubular membrane, whereas the 
pumping ?uid enters the casing and passes between the tubu- ‘ 
lar membrane and the inner surface ofthe casing. - 

Within the described embodiment of the present invention, 
pumping of passive ?uid (a coolant stored within a ?uid reser- ’ 
voir) through a protective suit (hereinafter called a “space 
suit”) is accomplished by connecting an inlet end of the pump 
casing to the passive ?uid reservoir and an outlet end of the 
pump casing to the space suit. A pumping ?uid inlet' pipe in-' 
terconnects a ?uid source of constant pressure and the pump 
casing, and an exhaust pipe couples the pump-casing to the 
space suit wherein the pumping ?uid is used as the oxygen 
supplied to the occupant of the suit. Compression of the tubu 
lar membrane, due to the difference between the pressures of 
the pumping ?uid and the passive ?uid, forces the passive ?uid 
to exit the pump in a direction of ?ow determined by two 
check valves. 
Assume that the pumping ?uid is the gas oxygen, and that 

the membrane is ?lled with a liquid type of passive ?uid. The 
tubular membrane is thereby in?ated to its maximum dimen 
sion, as limited by-the internal wall of the casing. An effective 
gas seal is formed by the membrane against the inner wall of 
the pump casing, and gas ?ow into the pump from the con~ 
stant pressure source is trapped causing the gas pressure in the‘ 
pump to increase. As the gas pressure increases, it becomes 
greater than the liquid pressure so as to cause the tubular 
membrane to collapse and pump the liquid contained therein ' 
in a smooth motion from one end of the pump casing to the 
other. The gas seal is ?nally broken, allowing the gas to exit 
the pump through the exhaust pipe. The sudden drop in the 
gas pressure within the pump, as the gas escapes through the 
exhaust pipe, results in the liquid pressure being greater than 
the gas pressure and allows liquid to enter the membrane, 

pressure of the respiratory 
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forcing it to re-expand. The pumping action is ready to be re 
peated. 

Broadly, then, one may readily perceive that the present in 
vention provides a self-contained ?uid pump comprising a 
pump casing, having inlet and outlet ports therein, through 
which a ?rst ?uid may pass. A ?exible walled chamber, posi 
tioned within the pump casing, has openings to the outside of 
the pump so that a second ?uid may pass therethrough. When 
a second ?uid ?lls the ?exible walled chamber, the wall of the 
?exible chamber becomes fully distended and covers the out 
let port, thereby inhibiting the ?ow of the ?rst ?uid through 
the pump casing so that the pressure of the ?rst ?uid within 
the casing will increase. Because the ?rst ?uid is supplied to 
the pump at a substantially constant pressure, the pressure of 
the ?rst ?uid trapped within the casing rises and compresses 
the ?exible walled chamber, forcing the second ?uid out of 
the ?exible chamber. Thus, this extremely simpli?ed and relia 
ble ?uid pump is particularly adaptable for use, for example, 
as an arti?cial heart pump or in space suit applications for 
pumping blood or coolant ?uid, respectively, by means of the 
power derived from the expansion of compressed oxygen nor 
mally used to supply respiratory gas to the patient or suit in 
habitant. 
By making the expanding compressed oxygen do the work 

of pumping a coolant to a space suit, for example, energy is 
taken from the compressed oxygen, thereby lowering slightly 
the temperature of the oxygen supplied to the space suit from 
the exhaust pipe of the pump. This is advantageous since the 
cooler respiratory gas cooperates with the coolant to keep the 
suit inhabitant at a lower ambient temperature within his 
space suit. 
These and other advantages and features which are believed 

to be characteristic of the present invention, both as to its or 
ganization and method of operation, will be better understood 
from the following description considered in connection with 
the accompanying drawings in which one embodiment of the 
present invention is illustrated by way of example. It is to be 
expressly understood, however, that the drawings are for the 
purpose of illustration and description only and are not in 
tended as a de?nition of the limits of the invention. 

In the drawings: 
FIG. 1 is a diagrammatic view ofa pumping system embody 

ing a ?uid pump of the present invention; 
FIG. 2 is a cross-sectional view ofa ?uid pump constructed 

in accordance with teachings ofthe invention; 
FIG. 3 is a cross-sectional view of the ?uid pump illustrated 

in FIG. 2, the pump being shown at a different interval of 
operation; 

FIG. 4 is a cross-sectional view of the ?uid pump illustrated 
in FIG. 2, the pump being shown at a still different interval of 
operation; 

FIG. Sis a diagrammatic view ofa pumping system employ 
ing two of the'?uid pumps of the present invention connected 
in parallel; 

FIG. 5a is a cross-sectional view of an alternate embodiment 
of pumping ?uid diverter that may be used in the pumping 
systems illustrated in FIGS. 5 and 6; and 

FIG. 6 is a diagrammatic view ofa pumping system employ 
ing two of the ?uid pumps of the present invention connected 
in series. 
With reference now to the drawings, wherein like or cor 

responding parts are designated by the same reference charac 
ters throughout the several views, there is diagrammatically il 
lustrated in FIG. 1 a pumping system employing a pump 10 to 
move a passive ?uid (for example, a liquid coolant) from a 
reservoir 40 through a space suit 50 by means of power sup 
plied by a pumping ?uid (for example, a compressed gas such 
as oxygen) contained within a bottle 60. Pumping ?uid is sup 
plied to the pump 10 through a ?uid conduit 62 connected to 
an inlet pipe 24 of the pump 10 through a constant pressure 
outlet valve 64 which assures a substantially constant pressure 
cp. to the pipe 24. It may be seen that the passive ?uid ?ows 
from the reservoir 40 to the pump 10 through a ?uid conduit 
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4 
29 which is coupled to an inlet pipe 14 by a check valve 20. A 
pressure is maintained on the passive ?uid by a cylinder 131 
within the reservoir 40 pushed downwardly by a spring 130. 
The passive ?uid is expelled from the pump 10 through an 

outlet pipe 16 to the space suit 50 through a check valve 30, 
coupled to the space suit 50 by a ?uid conduit 31. The pump 
10 is also connected to the space suit 50 by an exhaust pipe 26 
through which the pumping ?uid escapes the pump 10 for sup 
plying oxygen as the respiratory gas for the suit inhabitant. 

It will be noted that the space suit 50 is diagrammatically il 
lustrated to have an inner chamber 92 in which the suit inhabi 
tant would be positioned and to which the respiratory gas is 
supplied through a connector 93. Gas is exhausted from the 
space suit 50 through an over-pressure exhaust vent 63 in the 
helmet thereof. The space suit 50 is also shown to include a 
coolant garment 90 as an integral part thereof. The passive 
?uid coolant is supplied to the coolant garment 90 through a 
connector 94 to which the ?uid conduit 31 is coupled. The 
passive ?uid exits the coolant garment 90 of the space suit 50 
through a ?uid conduit 91 which is coupled to the reservoir 
40. 
One skilled in the art will readily perceive, from the descrip 

tion which hereinafter follows, that the passive ?uid ?ow rate 
through the pump 10 may be adjusted to match the ?ow rate 
of coolant within the coolant garment 90 that is required for 
maximum metabolic heat production by the suit inhabitant. 
The pump 10 of the present invention may be adjusted to au 
tomatically match the required coolant ?ow rate over the 
complete range of metabolic heat production because of the 
fact that oxygen consumption of the suit inhabitant is essen 
tially a linear function of metabolic heat. Thus, as more ox 
ygen is required by the suit inhabitant due to increased exer 
cise, a proportionately greater amount of ?uid coolant is 
pumped through the coolant garment 90 by the pump 10 of 
the invention. 

FIG. 2 shows a cross-sectional view of the self-contained 
?uid pump 10 illustrated in FIG. 1, which utilizes the novel 
structures of the invention to obviate the need for auxiliary 
motors and pumps for pumping one ?uid by means of another 
fluid. Basically, the pump 10 shown in FIG. 2 includes an 
outer casing 12 sealed at one end by an inlet plug 15 having 
the inlet pipe 14 threaded therethrough. The other end of the 
casing 12 is sealed by an outlet plug 17 through which is 
threaded the=outlet pipe 16. Within the casing 12 is positioned 
an expandable‘ tubular membrane 18. The tubular membrane 
18 is connected, on one end, to the inlet pipe 14 by means of a 
clamp 21 and, on the other end, to the outlet pipe 16 by means 
ofa clamp 23. So that a pumping ?uid may be injected into the 
void between the tubular membrane 18 and the internal sur 
face of the casing 12, the inlet pipe 24 is threaded through the 
wall of the casing 12 near the inlet plug 15. The exhaust or 
outlet pipe 26 is threaded through the casing 12 near the out 
let plug 17 to provide a means for exhausting the pumping 
?uid from the casing 12. 

Before continuing with a discussion of the operation of the 
pump 10 ofthe present invention, it is important to notice that 
the casing 12 of the pump is cylindrical in shape in the 
preferred embodiment which is described. Moreover, the in 
ternal diameter of the cylindrical casing 12 is not constant, but 
rather the casing 12 has a ?rst internal diameter over an inter 
nal surface 28 that extends from the inlet end of the casing 12 
almost the entire length of the casing toward the outlet end. At 
the outlet end, the cylindrical casing 12 has a second diameter 
greater than the ?rst diameter and extending over an internal 
cylindrical surface 27. A step 25 is formed where the surface 
27 meets the surface 28. One may clearly understand, from 
the discussion which hereinafter follows, that the step 25 and 
the tubular membrane 18 cooperate to form an effective ?uid 
seal. This ?uid seal prevents the pumping ?uid from prema 
turely exiting through the exhaust pipe 26 as the pumping ?uid 
is injected into the void between the membrane 18 and the in 
ternal surface 28 of the casing 12. Certain advantages that will 
become clear from the discussion which follows accrue 
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because of the inclusion of this internal valve structure. The 
most important of these advantages is the elimination of exter 
nal control valves and auxiliary motors and pumps heretofore 
necessary for producing cyclic pressure ?uctuations to col 
lapse a membrane similar to the membrane 18 within the cas 
ing 12. 
As shown in FIG. 2, when a passive ?uid is to be pumped by 

the pump 10 of the invention, the passive ?uid ?ows from the 
?uid conduit 29 through the check valve 20 into the inlet pipe 
14 of the pump 10. The check valve 20 is shown to be a ball 
type which prevents reverse ?ow of passive ?uid when a 
pumping ?uid under pressure is forced into the casing 12 to 
collapse the tubular membrane 18. To the outlet pipe 16 is 
connected a similar ball-type check valve 30 for determining a 
direction of ?ow of the passive ?uid from the outlet pipe 16 
through the check valve 30 to the ?uid conduit 31. 

It will be recognized by those skilled in the art that the pump 
10 of the present invention is a peristaltic device; that is, the 
passive ?uid is moved by compressing the ?exible tubular 
membrane 18 which contains the passive ?uid. In the embodi 
ment described, it will be assumed hereinafter that the pump 
ing ?uid comprises a gas (such as oxygen) under pressure. 
Power to operate the pump 10 is derived from the expansion 
of the compressed gas, the ?exible tubular membrane 18 serv 
ing as a barrier between the gas and the passive ?uid con 
tained within the membrane. Compression of the tubular 
membrane 18, due to the gas pressure applied to the inlet pipe 
24, forces the passive ?uid to exit the pump 10 through the 
outlet pipe 16, the direction of flow being determined by the 
check valves 20 and 30. 
As mentioned above, the tubular membrane 18 also serves 

the function of intermittently valving gas ?ow from the inlet 
pipe 24 to the exhaust pipe 26. This may be recognized by ex 
amining the sequence of operations within the pump 10. As 
sume initially that the tubular membrane 18 is ?lled with a 
passive ?uid that is a liquid (such as water), and thus in?ated 
to its maximum dimension as shown in FIG. 2. The maximum 
dimension of the membrane 18 obviously is determined by the 
internal wall 28 of the casing 12. An effective gas seal is 
formed by the membrane 18 and the edge of the step 25 in the 
casing 12, and gas ?ow into the pump 10 is trapped causing 
the gas pressure to increase in the volume between the mem 
brane 18 and the casing 12. The gas pressure increases until its 
value exceeds that of the liquid pressure, at which time, the tu 
bular membrane 18 begins to collapse at the inlet end of the 
pump. This condition is illustrated in FIG. 3. 
Compression of the membrane 18 continues in a smooth 

motion from the inlet end of the pump 10 to the outlet end, 
thereby pumping the liquid therein contained out of the casing 
12 through the outlet pipe 16. The gas seal is ?nally broken, as 

, shown in FIG. 4, allowing the gas contained between the mem 
brane 18 and the surface 28 to escape through the exhaust 
pipe 26. The sudden drop in gas pressure within the pump 10, 
as the gas escapes through pipe 26, opens check valve 20 and 
allows liquid to enter the membrane 18 through the inlet pipe 
14. As liquid enters, the membrane 18 is forced to re-expand. 
During this operation of ?lling the membrane 18, a longitu 
dinal force is exerted on the membrane 18 by the liquid, 
thereby holding open the internal gas valve until the mem 
brane 18 has again ?lled with liquid. More particularly, the tu 
bular membrane 18 is maintained in a relatively taut condition 
near the step 25 within the casing 12 until sufficient ?uid is 
contained within the membrane 18 to cause the membrane to 
contact the internal surfaces 27 and 28 of the casing 12. With 
the membrane 18 in?ated so as to be forced against the step 
25, the pumping action is ready to be repeated. 
An extra bene?t to those who may use the invention may be 

derived from the pump 10. It should be noted that the work 
done by the pumping ?uid in pumping a passive ?uid through 
the membrane 18 results in a temperature drop in the pump 
ing ?uid from the inlet pipe 24 to the outlet pipe 26. Thus, the 
exhausted pumping ?uid is delivered to the space suit 50, illus 
trated in FIG. 1, at a slightly lower temperature than would 
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6 
otherwise be achieved. This is advantageous, since the cooler 
respiratory gas will cooperate with the coolant being pumped 
through the coolant garment 90 to keep the suit inhabitant at a 
lower ambient temperature. 
The pump 10 of the invention may be constructed of vari 

ous materials, well known to those skilled in the art, depend 
ing upon the use to be made of the pump. If noncorrosive 
liquids, such as water and the like, are to be pumped through 
the membrane 18, the membrane 18 may be constructed of 
rubber or plastic material. The casing 12, in such an event, 
could be constructed of a Lucite material, fabricating the inlet 
plug 15 and the outlet plug 17 from rubber, plastic, or a metal 
(such as copper). 

In accordance with the present invention, it has been found 
that a change in the internal dimensions of casing 12 (to form 
step 25) need be only a quarter of an inch or less. Some of the 
other dimensions, for example, of the embodiment of ?uid 
pump described are: an overall length of approximately 4 
inches; an internal surface 27 of approximately one inch in 
length; an external diameter of 0.75 inches; and a weight of 
0.16 pounds. In practice it has been found that a pump of the 
present invention, ?tting the foregoing description, is capable 
of a pumping speed of 30 cubic centimeters of ?uid per 
second or better into a static pressure head of five pounds per 
square inch, for example, over a temperature range primarily 
limited by the temperature characteristics of the passive and 
pumping ?uids. Thus, it has been found that the utilization of 
the basic concepts herein set forth provide a ?uid pump which 
is capable of operating, independent of any auxiliary valves, 
pumps and motors, over temperature ranges greatly exceeding 
those heretofore achieved by the prior art ?uid pumps. 
Whereas a pumping system has been described, with 

reference to FIG. 1, employing but one of the ?uid pumps of 
the present invention, a number of ?uid pumps of the inven 
tion may be connected in parallel or in series to provide a 
pumping system of even greater efficiency. For example, a 
pumping system is shown in FIG. 5 which obtains approxi 
mately twice the pumping efficiency of the one illustrated in 
FIG. 1 by connecting in parallel two of the ?uid pumps 10 and 
10’ of the invention. The ?uid conduit 29 from the pressure 
reservoir 40 is coupled to the inlet pipe 14 of the pump 10 
through a pipe T-coupling 105 and the check valve 20. 
Similarly, the ?uid conduit 29 is coupled to the inlet pipe 14' 
of the pump 10' through the coupling 105 and the check valve 
20'. The passive ?uid is expelled from the pump 10 through 
the outlet pipe 16, the check valve 30 and a T-coupling 107 to 
the ?uid conduit 31, which is connected to the space suit 50. 
In like manner, passive ?uid is expelled from the pump 10’ 
through the outlet pipe 16’, the check valve 30' and the T 
coupling 107 to the ?uid conduit 31. 

With reference to the means of supplying pumping ?uid to 
the pumps 10 and 10’ connected in parallel, it may be noticed 
that the pumping ?uid is alternately applied to the pumps 10 
and 10' by passing the pumping ?uid from the bottle 60 
through a diverter 120, interposed in the system between the 
bottle 60 and the inlet pipes 24 and 24' of the pumps 10 and 
10', respectively. The diverter 120 is shown to include a small 
chamber 121 into which the inlet pipes 24 and 24' protrude. 
Between the ends of the inlet pipes 24 and 24' there is posi 
tioned a ?apper valve 124 connected to the side of the casing 
121. The gas bottle 60 is connected to the diverter 120 by a 
coupling 122 secured to one side of the chamber 121. 
The gas, or pumping ?uid ?ow to drive the pumps 10 and 

10' is fed through the diverter 120 before it is allowed to reach 
the pumps. Essentially, gas ?ow through the diverter 120 
remains constant, the function of the diverter 120 being to al 
ternately direct the gas ?ow to one pump at a time. The pump 
to which the pumping ?uid ?ow is directed undergoes com 
pression, while the other pump is ?lling with passive ?uid. 
The diverter 120 illustrated in FIG. 5 is a simply constructed 

device that is self-actuating. The ?exible ?apper 124 is situ 
ated between the two exit ports of the diverter and positions it 
self to seal one or the other of the two exit ports, depending 
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upon whether a pressure P1 in the inlet pipe 24 is greater or 
less than a pressure P2 in the inlet pipe 24'. Assume that gas is 
?owing from the bottle 60 to the pump 10. In this instance, the 
gas pressure P1 in the inlet pipe 24 is greater than the pressure 
P2 in the inlet pipe 24' connected to the pump 10'. Thus, a gas 
pressure P3 within the diverter 120 .re?ects this difference 
between the pressures P1 and P2 and forces the ?apper 124 
against the opening of the inlet pipe 24', thereby preventing 
gas flow to the pump 10’. While the pumping ?uid is not being 
applied to the pump 10', the tubular membrane 18' (not 
shown in FIG. 5) is ?lling with the passive ?uid. When the 
?uid seal (which prevents the pumping ?uid, or gas from pre 
maturely exiting the exhaust pipe 26 of the pump 10) is 
broken, the pressure P1 in the inlet pipe 24 decreases rapidly, 
thereby reducing the pressure P3 in the diverter 120 to a value 
less than the pressure P2 in the inlet pipe 24'. The ?apper 124 
is, therefore, released from the opening of the inlet pipe 24'. 
In response to the increase in gas ?ow to the inlet pipe 24 of 
the pump 10 when the gas seal breaks, the ?apper 124 is 
moved against the opening of that inlet pipe 24, allowing the 
?ow of pumping ?uid to be diverted to the pump 10'. 
From the foregoing it will be understood by those skilled in 

the art that, when pump 10 is pumping the passive ?uid from 
the reservoir 40 to the space suit 50, the pump 10' is filling 
with liquid; and, when the pump 10' is moving the passive 
?uid from the reservoir 40 to the space suit 50, the pump 10 is 
filling with passive ?uid. The ef?ciency is doubled because 
useful work is being accomplished by the pumping system dur 
ing each of the filling intervals of the two parallel-connected 
pumps. I 

Reference is made to FIG. 5a where there is shown an aux 
iliary view of an alternate embodiment of ?uid diverter 120’ 
that employs a ball 124’ interposed between the inlet pipes 24 
and 24’ for directing the gas ?ow to one or the other of the 
two pumps 10 and 10’. Since the movement of the ball 124' is 
similar to the movement of the ?apper 124 shown in FIG. 5, 
further description of the diverter 120’ shown in FIG. 5a is 
deemed to be unnecessary. 

Attention is directed now to FIG. 6, wherein a pumping 
system is illustrated, for example, which also obtains approxi 
mately twice the pumping efficiency of the one illustrated in 
FIG. 1. However, in contrast to the pumping system of FIG. 5, 
the ?uid pumps 10 and 10’ of FIG. 6 are shown to be con 
nected in series. Whereas a parallel connection of the two 
pumps 10 and 10' (as illustrated in FIG. 5) requires the use of 
four check valves 20, 20’, 30, and 30’, a serially-connected ar 
rangement, (as shown in FIG. 6) requires only three check 
valves 20, 30 and 30’. Similar to the diverter 120 shown in 
FIG. 5, the diverter 120 shown in FIG. 6 controls the ?ow of 
pumping ?uid from the bottle 60 to one or the other of the 
pumps ID or 10’. The operation of the diverter 120 in the se 
ries arrangement of the ?uid pumps of the present invention is 
identical to the operation described above with reference to 
the parallel arrangement of the pumps. Therefore, a duplica 
tion of that explanation will not be made with reference to the 
pumping system in FIG. 6. It should be realized, however, that 
with either of the two arrangements of dual pump systems, il 
lustrated in FIGS. 5 and 6, an inherent advantage accrues to 
the user by virtue of the fact that the system is designed to 
allow one pump to fail without the complete pumping system 
failing. Thus, not only is the ef?ciency of the pumping system 
increased, but also the reliability ofthe system is enhanced. 
While the ?uid pump of the invention has been described 

with reference to only one particular embodiment, it will be 
understood that various modi?cations could be made in the 
construction thereof without departing from the spirit and 
scope of the invention. Thus, by way of example and not of 
limitation, one skilled in the art might readily transpose the 
two ?uids within the pump, that is, pass the pumping ?uid 
through the center of the ?exible tubular membrane 18 and 
the passive ?uid between the ?exible membrane 18 and the in 
ternal surface 28 of the casing 12. Additionally, the casing 12 
may be constructed to be conical in shape having the inlet port 
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8 
for the passive ?uid at the larger end of the cone, while the 
outlet port would be positioned at the tip, or smaller end of the 
cone. Essentially, the casing 12 may be of any shape which al 
lows the ?exible membrane 18 to block the escape of the 
pumping ?uid through the exhaust pipe 26 when the mem 
brane 18 is fully distended. 

It is also noted that the pump 10 or pair of pumps, together 
with a coolant ?uid reservoir and oxygen supply, may be in 
cluded in a compact pack that can be carried on the back of 
the space suit; similarly, these components may be included as 
a unit in a space vehicle as part of the life~support system. Ac 
cordingly, it is to be expressly understood that the foregoing 
description shall be interpreted only as illustrative of the in 
vention and that various changes may be made without de 
parting from the spirit of the invention as de?ned in the ap 
pended claims. 

I claim: 
1. A ?uid pump comprising: 
a cylinder having a ?rst internal diameter and a second in 

ternal diameter meeting at an annular step near a ?rst end 
of said cylinder; 

means having an inlet port therein for closing a second end 
of said cylinder; 

means having an outlet port therein for closing said ?rst end 
of said cylinder; 

?rst injection means for injecting a ?uid to be pumped into 
said inlet port; 

- an expandable tubular membrane positioned within said 
cylinder and connected between said inlet and said outlet 
ports, said tubular membrane and said annular step creat 
ing a ?uid seal when said membrane is in?ated to its max 
imum dimension with the ?uid to be pumped; 

second injection means for injecting a pumping ?uid into 
the void between said tubular membrane and the internal 
surface of said cylinder to expel the ?uid to be pumped, 
said injection means being located near said second end 
of said cylinder; and 

exhaust means for venting said pumping ?uid from the void 
when said ?uid seal is broken, said exhaust means being 
located at the opposite end of said cylinder from said in 
jection means. 

2. A ?uid pump as de?ned in claim 1 wherein said means for 
closing said ?rst and second ends of said cylinder include ?uid 
check valves. 

3. A ?uid pump as de?ned in claim 1 wherein said second 
injection means is connected to said cylinder near said second 
end and said exhaust means is connected to said cylinder near 
said ?rst end. 

4. A ?uid pump as defined in claim 3 wherein said ?rst in 
ternal diameter begins at said second end of said cylinder and 
extends inward to said annular step, said ?rst internal diame 
ter of said cylinder being greater than said second internal 
diameter. 

5. A ?uid pump for moving a ?rst ?uid by successively com 
pressing a ?exible tube containing the ?rst ?uid by means of a 
second ?uid having a greater pressure than said ?rst ?uid, said 
pump comprising: 

an elongated casing having a greater internal dimension at 
one end thereof than at an opposite end; 

inlet means for injecting the ?rst ?uid into one end of said 
casing; 

outlet means for withdrawing the ?rst ?uid from the op~ 
posite end of said casing from said inlet means; 

an expandable tube positioned within said casing and inter 
connecting said inlet means and said outlet means for 
conveying the ?rst ?uid from said inlet means to said out 
let means, said tube being substantially entirely con 
tiguous with the internal surface of said casing, and form 
ing a ?uid seal between said tube and the internal surface 
of said casing when said tube is ?lled with the ?rst ?uid; 

injection means for inserting the second ?uid at a substan 
tially constant pressure between said tube and the inter 
nal surface of said casing to force the ?rst ?uid from said 
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tube, said injection means being coupled to said casing 
near said inlet means; and 

exhaust means for venting the second ?uid from a void 
between said tube and the internal surface of said casing 
as said tube ?lls with the ?rst ?uid, said void being formed 
as the ?rst ?uid is forced from said tube, said exhaust 
means being attached to said casing near said outlet 
means and cooperative with said tube to control the 
escape of the second ?uid. 

6. A ?uid pump as de?ned in claim 5 wherein said elongated 
casing is cylindrical in shape. 

7. A ?uid pump as de?ned in claim 6 wherein the change in 
the internal dimension of said casing from one end to the other 
is formed by two cylindrical surfaces, a ?rst cylindrical surface 
of substantially constant diameter beginning at the end of said 
casing adjoining said inlet means and extending a ?rst length 
toward the end of said casing adjoining said outlet means, a 
second cylindrical surface of substantially constant diameter 
joining said ?rst cylindrical surface intermediate said inlet and 
outlet means and extending a second length to the end adjoin 
ing said outlet means, said joint between said ?rst and second 
cylindrical surfaces forming an annular step that functions 
with said tube to intermittently valve the ?ow of the second 
?uid through said exhaust means. 

8. A ?uid pump as de?ned in claim 7 wherein the ?rst ?uid 
comprises a liquid and the second ?uid comprises a gas. 

9. A ?uid pump as de?ned in claim 8 wherein a relatively 
constant gas pressure source is coupled to said injection 
means to supply said gas. 

10. A ?uid pump as de?ned in claim 9 wherein said inlet 
means and said outlet means each include a check valve for 
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establishing unidirectional ?ow of said liquid through the - 
pump from said inlet means out through said outlet means. 

11. A ?uid pump as de?ned in claim 7 wherein said ?rst 
length is greater than said second length. 

12. A ?uid pumping system for moving a ?rst ?uid by suc 
cessively compressing and relaxing, by means of a second 
?uid, a tubular membrane containing the ?rst ?uid, said 
pumping system comprising: > 
an elongated casing having a greater internal dimension at 

one-end thereof than at an opposite end; 
a ?rst source of the ?rst ?uid; 
inlet means interconnecting said ?rst ?uid source and one 
end of said casing for injecting the ?rst ?uid into said cas 
mg; . 

a utilization device for the first ?uid; 
‘ outlet means for discharging the ?rst ?uid from said casing, 

said outlet means interconnecting said utilization device 
and an end of said casing opposite said inlet means; 

an expandable tubular membrane positioned within said 
casing and interconnecting said inlet means and said out 
let means for conveying the first ?uid therebetween, said 
tubular membrane being substantially entirely contiguous 

‘ with the internal surface of said casing when said mem 
t-brane is filled with the first ?uid; 

' a second source of the second ?uid, the second ?uid being 
discharged therefrom at a substantially constant pressure; 

injection means for inserting the second ?uid at substan 
tially constant pressure between said tubular membrane 
and the internal surface of said casing to force the ?rst 
?uid from said membrane, said injection means inter 
coupling said second ?uid source and said casing at a lo 
cation near said inlet means; and 

exhaust means for discharging the second ?uid from a void 
between said tubular membrane and the internal surface 
of said casing, said exhaust means being attached to said 
casing near said outlet means and cooperative with said 
tubular membrane to control the escape of the second 
?uid. - 

13. A thermal control system comprising: 
a space suit including an inner chamber and a coolant gar 

ment; 
a reservoir for storing a ?rst ?uid; 
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10 
a source of a second ?uid, said source including a regulator ' 

for discharging said second ?uid at a substantially con 
stant pressure; ' 

a ?uid pump for moving said ?rst ?uid by successively com 
pressing and relaxing, by means of said second ?uid, a tu 
bular membrane containing said ?rst ?uid, said pump in 
cluding a casing, inlet means interconnecting said reser 
voir and one end of said casing for injecting said ?rst ?uid 
into said casing, outlet means for discharging said ?rst 
?uid from said casing, said outlet means interconnecting 
said coolant garment and an end of said casing opposite 
said inlet means, an expandable tube positioned within 
said casing and interconnecting said inlet means and said 
outlet means for conveying the ?rst ?uid from said inlet 
means to said outlet means, said tube being contiguous 
with the internal surface of said casing when said tube is 
?lled with said ?rst ?uid, injection means for inserting 
said second ?uid at a substantially constant pressure 
between said tube and the internal surface of said casing 
to force said ?rst ?uid from said tube, said injection 
means intercoupling said source of said second ?uid and 
said casing near said inlet means, and exhaust means for 
venting the second ?uid from a void between said tube 
and the internal surface of said casing as said tube ?lls 
with the ?rst ?uid, said void being formed as the ?rst ?uid 
is forced from said tube, said exhaust means intercoupling 
the inner chamber of said space suit and said casing near 
said outlet means and being cooperative with said tube to 
control the escape of said second ?uid. 

14. A thermal control system comprising: 
a space suit including an inner chamber and a coolant gar 

ment; 
a reservoir for storing a ?rst ?uid therein, said reservoir 

being coupled to said coolant garment for receiving said 
?rst ?uid therefrom; 

a source of a second ?uid, said source including a regulator 
for discharging said second ?uid at a substantially con 
stant pressure; and 

a ?uid pump for moving said ?rst ?uid through said coolant 
garment in response to the requirement of said second 
?uid in said inner chamber, said ?uid pump including a 
?rst ?uid chamber having inlet and outlet ports therein, 
said inlet port being coupled to said reservoir and said 
outlet port being coupled to said coolant garment, a 
second ?uid chamber interposed in the system between 
said source of a second ?uid and said inner chamber of 
said space suit, said ?uid pump having a ?exible wall 

. separating said ?rst chamber from said second chamber, 
said ?exible wall preventing said second ?uid from enter 
ing said inner chamber of said space suit. 

15. A thermal control system comprising: 
a space suit; 
a reservoir for storing a ?rst coolant ?uid, said ?rst ?uid 

being connected to said space suit; 
a source of a second ?uid, said source including a regulator 

for discharging said second ?uid at a substantially con 
stant pressure; and 

pumping means including a ?exible membrane coupling 
said reservoir and said source of second'?uid to said 
space suit and being powered by the second ?uid for mov 
ing the ?rst ?uid from said reservoir to said space suit‘, 
said ?rst ?uid and said second ?uid being isolated from 
each other in said pumping means said ?exible mem 
brane. " 

16. A pumping system for moving a ?rst ?uid by successive 
ly compressing and relaxing, by means of a second ?uid, a tu 
bular membrane containing the ?rst ?uid, said pumping 
system comprising: 

a utilization device for the ?rst and the second ?uids; 
a reservoir for storing the ?rst ?uid; 
a source of second ?uid, said source including a regulator 

for discharging said second ?uid at a substantially con 
stant pressure; 
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a pair of ?uid pumps interposed between said reservoir and 
said utilization device, each of said ?uid pumps being 
adapted to move the ?rst ?uid by successively com 
pressing and relaxing, by means of the second ?uid, a tu 
bular membrane containing the ?rst ?uid, each of said 
pumps including a casing, inlet means intercoupling said 
reservoir and one end of said casing for injecting the ?rst 
?uid into said casing, outlet means for discharging the 
?rst ?uid from said casing, said outlet means intercon 
necting said utilization device and an end of said casing 
opposite said inlet means, an expandable tube positioned 
within said casing and interconnecting said inlet means 
and said outlet means for conveying the ?rst ?uid from 
said inlet means to said outlet means, said tube being con 
tiguous with the internal surface of said casing when said 
tube is ?lled with the ?rst ?uid, injection means for insert 
ing the second ?uid, at a substantially constant pressure, 
between said tube and the internal surface of said casing 
to force the ?rst ?uid from said tube, and exhaust means 
for venting the second ?uid from a void between said tube 
and the internal surface of said casing as said tube ?lls 
with the ?rst ?uid, said void being formed as the ?rst ?uid 
is forced from said tube, said exhaust means intercoupling 

' said utilization device and said casing near said outlet 
means and being cooperative with said tube to control the 
escape ofthe second ?uid; and 

a diverter intercoupling said source of the second ?uid and 
said inlet means of each ?uid pump, said diverter includ 
ing a casing, said injection means of each pump being 
coupled to said casing on opposite sides thereof, valve 
means interposed between the openings of said injection 
means within said diverter casing for alternately directing 
the ?ow of the second ?uid to one or the other of said in 
jection means. 

17. in a life support system for a space enclosure having at 
least two separate ?uid utilization systems: 

a source of compressed gas; 
a source of coolant ?uid; 
means for pumping said compressed gas and said coolant 

?uid; and 
means for releasing the compressed gas and said coolant 
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12 
?uid into separate ?uid utilization systems of said space 
enclosure and for simultaneously powering said pumping 
means, whereby the temperature drop which would nor 
mally accompany release of the compressed gas is 
reduced toward the desired ambient temperature of the 
enclosure. 

18. A thermal control system comprising: 
a space suit including an inner chamber and a coolant gar 

ment; 
a reservoir for storing a ?rst ?uid; 
a source of a second ?uid, said source including a regulator 

for discharging said second ?uid at a substantially con 
stant pressure; and 

a ?uid pumping system for moving said ?rst ?uid by succes 
sively compressing and relaxing, by means of said second 
?uid, a tubular membrane containing said ?rst ?uid, said 
pumping system including an elongated casing having a 
greater internal dimension at one end thereof than at an 
opposite end, inlet means interconnecting said reservoir 
and one end of said casing for injecting said ?rst ?uid into 
said casing, outlet means for discharging said ?rst ?uid 
from said casing, said outlet means interconnecting said 
coolant garment of said space suit and an end of said cas 
ing opposite said inlet means, an expandable tubular 
membrane positioned within said casing and intercon 
necting said inlet means and said outlet means for con 
veying said ?rst ?uid therebetween, said tubular mem 
brane being contiguous with the internal surface of said 
casing when said membrane is filled with said ?rst ?uid, 
injection means for inserting said second ?uid between 
said tubular membrane and the internal surface of said 
casing to force said ?rst ?uid from said membrane, said 
injection means mtercouplmg said second ?uid source 
and said casing at a location near said inlet means, and ex 
haust means for discharging said second ?uid from a void 
between said tubular membrane and the internal surface 
of said casing, said exhaust means interconnecting said 
casing near said outlet means and said inner chamber of 
said space suit and being cooperative with said tubular 
membrane to control the escape of said second ?uid to 
said inner chamber. 


