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ABSTRACT OF THE DISCLOSURE 

A tube structure comprising an upper housing and a 
lower housing detachably joined together and defining 
upper and lower chambers. The chambers are separated by 
a partition having an orifice therein, and a fluid delivery 
passage having a one-way check valve disposed therein 
extends through the oriñce and communicates with both 
chambers for delivering clean wash solution from the up 
per chamber to the lower chamber. A fluid exhaust pas 
sage also communicates with the lower chamber for re 
moving contaminated wash solution therefrom. In one em 
bodiment the delivery and exhaust passage are defined by a 
single tube, while in an alternative embodiment separate 
delivery and exhaust tubes are provided. 

The present invention relates generally to laboratory 
equipment, and more specifically to an improved tube 
structure for use in conjunction with a centrifuge for wash 
ing, separating, and combining various substances in the 
laboratory. 
Numerous laboratory procedures require the repetitive 

washing of relatively small quantities of various sub 
stances. One such procedure, for example, is the so-called 
Coomb’s antiglobulin test which is performed several mil 
lion times a year in the United States alone. This test is 
designed to detect incomplete antibodies in human blood, 
and is routinely performed on samples of units of blood to 
be transfused. It is also employed in diagnosing various 
diseases involving the blood when no transfusion is con 
templated. 

Briefly, the Coomb’s antiglomulin test is carried out by 
incubating a sample of red blood cells with an animal 
serum for a specified time and at a specified temperature, 
and watching to see if the blood cells agglutinate or 
“clumpf’ Agglutination of the cells constitutes a positive 
reaction indicating the presence of incomplete antibodies 
in the blood, and failure of the cells to agglutinate consti 
tutes a negative reaction indicating the absence of incom 
plete antibodies. The incubation serum is prepared from 
the blood of an animal usually a rabbit, after the animal 
has been given injections of purified human blood glo 
bulins. The injections are a foreign protein to the animal, 
and his blood reacts by building antibodies which will be 
present in the incubation serum. These antibodies are op 
posed or “anti” to human blood globulins-hence, the 
term “antiglobulin test.” 

In performing the Coomb’s antiglobulin test the red 
blood cells to be tested must be thoroughly washed free of 
globulins which are normally present prior to being in 
cubated with the animal serum. Otherwise these globulins 
would react with and neutralize the antibodies present in 
the incubation serum, and this might cause a false nega 
tive test result. lt is also necessary to wash red blood 
cells in the preparation of the incubation serum itself since 
the serum must be exposed to thoroughly washed human 
red blood cells to absorb and remove non-specific anti 
bodies present in the animal blood used to prepare the 
serum. 

The process currently used to wash red blood cells for 
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the Coomb’s antiglobulin test comprises suspending the 
cells in a solution of physiological sodium chloride in a 
test tube, centrifuging the mixture until the cells are de 
posited on the bottom of the tube, manually decanting the 
contaminated saline leaving a “button” of red blood cells 
in the tube, adding fresh saline to resuspend the cells, and 
repeating the process three or four times until the cells 
have been thoroughly washed. 
The centrifuging step is accomplished iby placing the 

tube containing the cells and saline solution in a rotatable 
centrifuge head adapted to receive the same, and rotat 
ing the head to create a centrifugal force field which drives 
the tube in a radially outward direction causing the cells 
to be deposited on the bottom of the tube. Ordinarily the 
rotatable centrifuge head is equipped to receive a plurality 
of tubes, whereby several samples of cells can be washed 
simultaneously. 

While the washing process described above is an effec 
tive process for cleaning red blood cells, it is also a time 
consuming one since it requires a technician to return to 
the centrifuge after each -washing cycle, manually decant 
the contaminated saline from each tube, add fresh saline 
to each tube and start the centrifuge again. This presents a 
series of interruptions to other procedures which the tech 
nician is carrying out in the laboratory, and is particularly 
burdensome to a technician working a laboratory night 
shift alone. 

In an effort to facilitate the above described centrifuge 
technique for washing red blood cells, a so-called manifold 
washing process has been devised. This process is de 
scribed in detail in an article entitled “A Simple Manifold 
Washing Process for the Preparation of Erythrocytes for 
the Antiglobulin Test” authored by Mary B. Gibbs and 
Frank R. Camp, Jr. and appearing in the May-J une, 1965, 
issue of Transfusion, vol. 5, No. 3. Briefly, this process 
contemplates the use of a manifold coupled to a suction 
device for removing the contaminated saline from the sev 
eral tubes in the centrifuge and adding fresh saline follow 
ing each washing cycle. This process will reduce the time 
the technician must spend at the centrifuge after each 
washing cycle since it is not necessary for him to manual 
ly decant and reñll each tube individually, but it still re 
quires him to interrupt his other duties and return to the 
centrifuge to operate the manifold after each washing 
cycle. 

In view of the foregoing, it is a general object of the 
present invention to provide an improved tube structure 
for washing relatively small quantities of various sub 
stances. 
A more specific object of this invention is to provide 

an improved tube structure for use in conjunction with a 
centrifuge for repetitively washing relatively small quan 
tities of various substances, such as red blood cells, in a 
more efficient manner than has heretofore been known. 

Another object of this invention is to provide an im 
proved tube structure adapted for use in conjunction with 
a centrifuge for substantially automatic repetitive wash 
ing of various substances. 

Yet another object of this invention is the provision of 
an improved process for washing various substances, such 
as red blood cells. 
Another object of this invention is to provide an im 

proved tube structure useful for separating emulsions. 
Still another object of this invention is to provide an 

improved tube structure for bringing reactants together, 
e.g. the bringing together of two liquids to form an in 
soluble product (a common manipulation in analytical 
chemistry). 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the following 
more particular description of preferred embodiments 



3,468,474 
3 

of the invention, as illustrated in the accompanying 
drawings. 

In the drawings: 
FIG. 1 is a partial elevation view showing the rotating 

head of a centrifuge carrying a pair of tube structures 
constructed in accordance with the teachings of the pres 
ent invention; 

FIG. 2 is a sectional elevation view showing in detail 
the construction of each tube structure shown in FIG. 1; 

FIG. 3 is a partial sectional elevation view of a modi 
fied form of a check valve adapted for use in the tube 
structure of FIG. 2; and 
FIG. 4 is a sectional elevation view of an alternative 

embodiment of a tube structure constructed in accord 
ance with the teachings of this invention. 

Referring now to the drawings, there is shown in FIG. 
1 a portion of the upstanding center pedestal 10 of a 
conventional centrifuge (not shown) having a tube carry 
ing head 12 mounted for rotation on the top thereof. The 
head 12 includes a pair of radially outwardly extending 
tube carrying arms 14, 14 each of which is adapted to 
carry an improved tube structure 16 constructed in ac 
cordance with the teachings of the present invention. The 
tube structures 16, 16 are mounted on the ends of their 
respective arms 14, 14 for pivotal movement between a 
substantially horizontal position (solid line position in 
FIG. l) when the centrifuge head 12 is rotating and a 
substantially vertical position (phantom line position of 
FIG. 1) when the head 12 is idle. To this end, the outer 
end of each arm 14 is provided with a pair of flanges 18, 
18 (only one ñange 18 is shown on each arm 14 in FIG. 
l) spaced to receive the tube 16 between them and pro 
vided with holes 20, 20 for receiving a pair of radially 
outwardly extending trunnion pins 22, 22 mounted on a 
trunnion ring 23 on the tube structure 16. 
As best shown in FIG. 2, the tube construction 16 com 

prises an upper housing 24 defining an upper chamber 
26 and a lower housing 28 defining a lower chamber 30. 
The upper and lower housings 24 and 28 are detachably 
joined to one another by means of an externally threaded 
boss 32 on the lower end of the upper housing 24 and a 
cooperating internally threaded ring 34 on the upper end 
of the lower housing 28. A sealing ring 36 is provided 
between the upper and lower housings for preventing 
leakage of fluid from the lower chamber 3l). 
The upper housing 24 includes a bottom wall 38 de 

ñning a partition which separates the upper and lower 
chambers 26 and 30, and an orifice 40 is provided in the 
partition 38 for receiving the lower portion 42 of a corn 
bination delivery-exhaust tube 44. The delivery-exhaust 
tube 44 is not physically connected to the lower housing 
28, but hangs suspended slightly above the conical bot 
tom portion 45 thereof. The upper or exhaust end 46 of 
the tube 44 is vented outside the tube structure 16 for 
exhausting contaminated wash solution to a suitable con 
tainer (not shown). 
The trunnion ring 23 is secured around the upper p0r 

tíon of the upper housing 24 by any suitable means (not 
shown) and is prevented from sliding off the upper end 
of the housing by means of a peripheral flange 48 inte 
grally formed on the upper end thereof. A closure cap 
S0 having fluid receiving aperture 52 may be provided for 
closing the open upper end of the upper housing 24; but 
such a closure is not absolutely necessary since gravity 
will keep fluid in the upper housing chamber 26 when the 
centrifuge head 12 is at rest (phantom line position of 
the tubes 16, 16 in FIG. 1) and centrifugal force will do 
the same when the head is rotating (solid line position 
of the tubes 16, 16 in FIG. 1). 
The lower housing 28 includes a cup member 54, pref 

erably in the shape of a cone, which is secured to the 
lower end of the internally threaded ring 34. While the 
cup 54 may be made of any suitable material, a readily 
disposable material, such as an inexpensive transparent 
polycarbonate or polypropylene plastic, is preferred, 
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4 
whereby it may be discarded after a single use. The ring 
34 and upper housing 24 may also be made of disposable 
plastic material, if desired. 

Suitable non»disposable materials from which the var 
ions elements of the tube structure may be fabricated 
include bronze, aluminum and stainless steel. Of course, 
if the cup 54 is made of a disposable material and the 
ring 34 is made of a non-disposable material, the cup 
should be detachably secured to the ring, such as by glue 
ing, for example. 
For widest application, the tube structure should be 

fabricated of materials which are as light as possible com 
mensurate with strength requirements, heat stable (auto 
clavable), and relatively chemically inert. The size of the 
tube structure will depend largely on the size of the cen 
trifuge with which it is used and the type of process in 
which it is employed. 
A radially outwardly extending tube section 56 hous 

ing a ball and spring type of one-way check valve 58, 60 
is integrally attached to the delivery-exhaust tube 44 ad 
jacent the partition 38. The tube section 56 includes an 
open outer end 62 communicating with the upper chamber 
26 and an open inner end 64 communcating with the 
interior of the delivery exhaust tube 44. Thus, the tube 
section 56 and the middle and lower portions 66 and 42 
of the delivery-exhaust tube 44 define a fluid delivery 
passage communicating with the upper and lower cham 
bers 26 and 30. As described more fully hereinafter, the 
ball and spring check valve 58, 60 is adapted to permit 
ñuid liow from the upper chamber 26 to the delivery ex 
haust tube 44 and lower chamber 30 when the pressure in 
the upper chamber is sufficient to overcome the force of 
the spring 60 and move the ball 58 radially inwardly 
away from the open outer end 62 of the tube section 56. 
The valve 58, 60 will, however, block fluid flow from the 
delivery-exhaust tube 44 to the upper chamber 26. 

Operation of the tube structure 16 may best be under 
stood by referring to FIG. 2. With the upper and lower 
housings 24 and 28 disassembled, the substance to be 
washed, such as a few drops of human red blood cells, 
for example, is deposited in the lower conical portion 45 
of the lower housing 28, and the housings are assembled 
by threading the ring 34 of the lower housing onto the 
boss 32 of the upper housing. The upper chamber 26 
is then filled with a suitable wash solution, such as a 
sodium chloride solution, for example, and the assembled 
tube structure is placed in the arm 14 of a rotatable cen 
trifuge head 12 adapted to receive the same (see FIG. l). 
The centrifuge motor (not shown) is then started, causing 
the head 12 to rotate and drive the lower end of the tube 
structure 16 radially outwardly (solid line position of 
the tubes 16, 16 in FIG. l). 

Rotation of the centrifuge head 12 creates a centrifugal 
force field suiiicient to force the wash solution (not 
shown) in the upper compartment 26 past the ball and 
spring check valve 58, 60, through the tube section 56 
and the delivery-exhaust tube 44, and into the lower 
chamber 30 where it impinges upon and suspends the 
substance being washed. If the substance being washed 
is red blood cells for use in the Coomb’s anti-globulin 
test, the globulins or protein contaminating the cells will 
be taken up by the wash solution as the latter enters the 
lower chamber 30. 
As the level of the wash solution in the lower cham 

ber 30 rises, the air in the chamber will be compressed; 
and when the mounting air pressure in the chamber 
becomes sufficient to offset the fluid head in the upper 
chamber, no more wash solution will be permitted to 
enter the lower chamber. The ñuid head in the upper 
chamber is determined by the height of the wash solu 
tion in the upper chamber and the centrifugal force field 
created. Thus, the amount of wash solution entering the 
lower chamber 30 may be regulated by varying the speed 
of rotation of the centrifuge head 12, the shape of the 
upper chamber 26, the amount of wash solution placed 
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in the upper chamber, and the volume of the lower cham 
ber 30. 
As the centrifuge head 12 continues to rotate, the sub 

stance being washed will ‘be driven to the bottom tip 45 
of the lower housing 28. If the substance is red blood 
cells, it will accumulate and form a “button” in the bot 
tom of the lower housing. 

After a predetermined period of time, the centrifuge is 
turned olf (preferably automatically, by a conventional 
timer) and the rotating head 12 slowly decelerates to a 
stop. As the head 12 decelerates, the centrifugal force 
field tending to force wash solution into the lower cham 
ber 30 will disappear, thereby permitting the air in the 
lower chamber to expand and force the contaminated 
solution in the lower chamber up the combination de 
livery-exhaust tube 44. Since the one-way check valve 
S8, 60 will prevent the contaminated solution being ex 
hausted from entering the upper chamber 26 through the 
tube section 56, the solution will travel all the way through 
the tube 44 and will be ejected from the upper end 46 
thereof and channeled to a suitable container (not shown). 
As described more fully hereinafter, the contaminated 
solution may alternatively be expelled into a separate 
bag or compartment in the upper chamber 26 where it 
will maintain the fluid head in that chamber for subse 
quent wash cycles. 
With substantially all of the contaminated solution 

exhausted from the lower chamber 30, only the washed 
substance will remain therein. If the washed substance 
is red blood cells, it will remain in the form of a 
“button” in the bottom tip 45 of the lower housing 28. 
Since the rotating centrifuge head 12 coasts slowly to a 
stop, substantially no fluid turbulence will ‘be created 
in the lower chamber 30, and only an insignificant amount 
of cells will be carried out of the lower chamber with 
the contaminated wash solution. The centrifuge motor 
may then be started again, either manually or by a con 
ventional timing device (such as those currently used on 
clothes washers and dryers), and a second wash cycle 
will automatically take place. The quantity of wash solu 
tion initially placed in the upper chamber 26 must, of 
course, be suñicient to last throughout the several wash 
cycles and maintain enough of a ñuid head in the upper 
chamber during the last wash cycle to insure injection 
of the solution into the lower chamber 30. 

lf a timing device capable of stopping and restarting 
the centrifuge motor automatically is employed, the sev 
eral required wash cycles will take place automatically, 
and the laboratory technician operating the apparatus 
need only return to the centrifuge to recover the washed 
substance and load the centrifuge with additional tubes 
containing substances to be washed. Thus, the improved 
tube structure of this invention may be used in conjunc 
tion with a centrifuge having a timer for substantially 
automatic repetitive washing of a substance. lf the cen 
trifuge timer is only capable of stopping the centrifuge 
after each wash cycle, but not restarting it, the operator 
will have to return to the centrifuge after each wash 
cycle, but only to switch it on. 

After the substance has been washed, the lower hous 
ing 28 of the tube structure 16 is detached from the 
upper housing 24 and the substance is removed there 
from. lf only the cup 54 of the tube structure is disposable, 
it is detached from the ring member 34 of the lower 
housing 28 and discarded after the substance has 'been 
recovered. Of course if the entire tube structure is dis 
posable, it is discarded after the washed substance is 
recovered. 
FIG. 3 shows a modified one-way check valve struc 

ture 70 which may be used in place of the ball and 
spring Valve 58, 60 employed in the tube structure 16 
of FIG. 3. The valve structure 70 includes a pair of 
mating flaps 68, 68 made of relatively hard but fiexible 
material, such as hard rubber, and formed to be normally 
closed at their radially inward end 72 adjacent the inner 
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end 64 of the tube section 56, and open at their radially 
outer end 74 adjacent the outer end 62 of the tube sec 
tion 56. The inward end 72 of the flaps 68, 68 are 
adapted to be opened, however, by the flow of fluid 
under pressure approaching from their open outer end 
74. A peripheral flange 76 on the outer end 74 of the 
flaps 68, 68 and a cooperating orificed cap member 78 
are provided for securing the flap valve 70 in tube sec 
tion 56. Like the ball and spring valve 58,~ 60‘ of the 
FIG. 2 structure, the flap valve 70 will permit the How 
of fluid under pressure from the upper chamber 26 to 
the interior of the delivery-exhaust tube 44 and the lower 
chamber 30, but will prevent iluid flow in the opposite 
direction. 
FIG. 4 shows an alternative embodiment of a tube struc 

ture 80 constructed in accordance with the teachings of 
the present invention. This tube structure includes an 
upper housing 82 defining an upper chamber 84 and a 
lower housing 86 defining a lower chamber 88. The 
upper and lower housings are detachably connected to 
one another by means of an externally threaded boss 90 
on the lower end of the upper housing 82 and a cooperating 
internally threaded section 92 on the upper portion of 
the lower housing, and an O-ring seal 94 is disposed be 
tween the upper and lower housings for preventing fluid 
leakage from the lower chamber 88. A trunnion pin sup 
porting ring 96 is formed on the outer surface of the 
upper housing 82 for carrying trunnion pins (not shown) 
adapted t0 fit in the pin receiving holes 20 at the outer 
end of an arm 14 of a rotatable centrifuge head 12 (see 
FIG. l). 
A removable insert 98 is disposed in the lower chamber 

88 and is provided with a central, longitudinally extend 
ing passage 100 for receiving and supporting a conven 
tional laboratory test tube 102. The upper housing 82 
includes a bottom wall 104 which serves as a partition 
separating the upper and lower chambers 84 and 88, and 
an orifice 106 extends through the partition 104 and 
communicates with both chambers. A ñuid delivery tube 
108 communicates with the orifice 106 and terminates 
in an open lower end 110 adjacent the bottom of the 
test tube 102. The upper end 112 of the delivery tube 108 
is also open and is enlarged to receive a ball and spring 
type of one-way check valve 114, 116. Like the ball and 
spring check valve 58, 60 of the FIG. 2 tube structure 
16, check valve 114, 116 in tube structure 80 is designed 
to permit the flow of fiuid under pressure from the upper 
chamber 84 to the lower chamber 88, but prevent ñuid 
ñow in the opposite direction. 

rThe tube structure 80 is further provided with an ex 
haust tube 118 which extends through the partition 104 
and terminates in an open lower end 120 adjacent the 
bottom of the test tube 102. The upper end 122 of the 
exhaust tube 118 is connected to receptacle means in the 
form of a flexible container 124 disposed in the upper 
chamber 84 for receiving contaminated wash solution ex 
hausted from the lower chamber 88. With this exhaust 
tube and receptacle arrangement the contaminated wash 
solution will return to the upper chamber 84 after each 
wash cycle, thereby maintaining the fiuid head in the 
upper chamber substantially constant for each succeeding 
wash cycle, but the contaminated wash solution will be 
kept separate from the fresh wash solution 128. Where 
space considerations for the tube structure 80 are not 
critical, the receptacle means may be in the form of a 
separate compartment (not shown) provided in the upper 
chamber 84 for receiving contaminated solution from 
the exhaust tube 118. 
Of course, it is contemplated that either of the tube 

structures 16 or 80 shown in the drawings may be pro 
vided With an exhaust tube which empties either outside 
the tube structure (FIG. 2 embodiment), into a (flexible 
container disposed in the upper chamber of the tube 
structure (FIG. 4 embodiment), or into a separate com 
partment provided in the upper chamber (not shown). 
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Operation of the tube structure 80 is quite similar to 
that of the tube structure 16 shown in FIG. 2. With the 
upper and lower housings 82 and 86 disassembled, the 
substance to be washed is deposited in the lower chamber 
88. The housings are then assembled by screwing the boss 
90 of the upper housing into the internally threaded 
upper portion 92 of the lower housing, and the upper 
chamber 84 is filled with a suflicient quantity of cleansing 
solution 128 to last throughout the number of wash cycles 
contemplated. The spring biased check valve 114, 116 
will prevent any of the solution from initially entering the 
lower chamber 88. 
The assembled tube structure 80 is then placed in a 

rotatable centrifuge head (such as head 12 in PIG. l) 
and the centrifuge motor is switched on to start the head 
rotating. As the centrifuge head rotates a centrifugal 
force field will be created in the tube structure 80 to drive 
cleansing solution past the check valve ball 114, through 
the delivery tube 108 and into the lower portion of the test 
tube 102 where it will impinge upon the substance to be 
washed (not shown). The substance to be washed will 
initially be suspended in the cleansing solution, but as 
the centrifuge head continues to spin the substance will be 
driven to the bottom of the test tube 102. As the level of 
the wash solution in the lower chamber 88 rises, the air in 
the chamber will be compressed until the mounting air 
pressure is sufficient to offset the fluid head in the upper 
chamber 84. When this occurs, no more cleansing solu 
tion will be driven into the lower chamber. 

Thereafter, the centrifuge motor is switched off, prefer 
ably by a suitable timing device, and the centrifuge head 
will coast to a stop. As the head decelerates, the centrifugal 
force field tending to force cleansing solution 128 into the 
lower chamber 88 will disappear, thereby permitting the 
air in the lower chamber to expand and drive the con 
taminated cleansing solution up the exhaust tube 118 
and into the receptacle 124. The one-way check valve 114, 
116 in the delivery tube 108 will, of course, prevent the 
contaminated wash solution from being driven up through 
the delivery tube 108. After substantially all of 
the contaminated cleansing solution has been exhausted 
from the test tube 102, only the washed substance will 
remain therein, and the centrifuge motor may then be 
restarted, preferably by a suitable timing device, to start 
another wash cycle. 
As can be seen from the foregoing, the present inven~ 

tion provides an improved laboratory tube structure and 
process for washing relatively small quantities of various 
substances. The improved tube structure may be em 
ployed in conjunction with a centrifuge equipped with a 
suitable timing device vfor repetitively washing such sub 
stance substantially automatically. 
As indicated above, the tube structure of this invention 

is particularly adapted for use in laboratory procedures 
which require repetitive washing of red blood cells such 
as the Coomb’s antiglobulin test. It is contemplated, how 
ever, that the tube structure of this invention may be 
effectively employed in numerous other laboratory pro 
cedures, both in and outside the field of medicine, where 
in various other substances (such as bacterial suspen 
sions, chemical precipitates and yeast suspensions, for 
example) must be washed. 

In addition, the tube structure may be employed to 
separate emulsions. For example, if an emulsion of carbon 
tetrachloride and water is poured into the upper chamber 
of the tube structure (16 or 80) and the tube structure is 
placed in a centrifuge, the centrifugal force field created 
when the centrifuge motor is switched on will initially 
force the emulsion past the one-way check valve, down 
the delivery tube, and into the lower chamber. As the 
centrifuge head continues to rotate, the carbon tetrachlo 
ride and water will separate or “layer out” in the lower 
chamber, with the water (being less dense) accumulating 
on top. When the centrifuge is thereafter switched off and 
the rotating head comes to a stop the expanding air in the 
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lower chamber will drive the water up and out of the 
exhaust tube. Of course the lower end of the exhaust tube 
must be positioned at such a height above the bottom of 
the lower chamber as to exhaust substantially all of the 
water, but none of the carbon tetrachloride. It is con 
templated that numerous other emulsions may also be 
separated utilizing the tube structure of this invention in 
the manner described below. 

Still another contemplated use of the tube structure of 
this invention is for bringing reactants together under 
conditions of high liquid pressure with a resulting separa 
tion of a solid product, e.g. a solution of barium chloride 
and sodium sulfate to form insoluble barium sulfate. 
While the invention has been shown and described 

with reference to preferred embodiments thereof, it will 
be understood by those skilled in the art that various 
changes in form and details may be made therein without 
departing from the spirit and scope of the invention. For 
example, the upper and lower chambers can be formed 
by a single continuous housing and a partition in the form 
ot plug that is friction ñtted into an intermediate posi 
tion in said housing. 
What is claimed is: 
1. An improved tube structure for use in a centrifuge 

having a rotatable head, said tube structure comprising: 
housing means defining an upper chamber for containing 
a quantity of fluid; housing means connected to said upper 
chamber and defining a lower chamber; partition means 
disposed between and separating said upper and lower 
chambers; means defining a fluid delivery passage ex 
tending through'said partition means and communicating 
with said upper and lower chambers; one way check valve 
means disposed in said fluid delivery passage for blocking 
the flow of fluid from said lower chamber to said upper 
chamber, but permitting the flow of fluid under pressure 
from said upper chamber to said lower chamber; and 
means defining a fluid exhaust passage having an inner 
end communicating with the interior of said lower cham 
ber and an outer end extending outside of said lower 
chamber for exhausting fluid from said lower chamber. 

2. A tube structure according to claim 1, wherein said 
means defining a fluid exhaust passage comprises a fluid 
exhaust tube having an open first end communicating with 
the interior of said lower chamber and a second end 
disposed within said upper chamber; and further including 
receptacle means connected to the said second end of 
said fluid exhaust tube and disposed in said upper cham 
ber for receiving fluid exhausted from said lower chamber. 

3. A tube structure according to claim 2, wherein said 
receptacle means comprises a flexible container connected 
to and communicating with said second end of said fluid 
exhaust tube. 

4. A tube structure according to claim 2 wherein said 
receptacle means comprises means defining a compart 
ment in said upper chamber communicating with said 
outer end of said fluid exhaust tube and adapted to re 
ceive fluid exhausted from said lower chamber. 

5. A tube structure according to claim 1, wherein said 
means defining a fluid delivery passage and said means de 
lining a fluid exhaust passage comprise: a single combina 
tion delivery-exhaust tube having an open lower end com 
municating with said lower chamber, a lower section ex 
tending through a portion of said lower chamber, an inter 
mediate section extending through said partition means, 
and an upper section extending through at least a portion 
of said upper chamber and terminating in an upper end; 
and means defining a fluid delivery orifice in the upper 
section of said combination delivery-exhaust tube for ad 
mitting fluid under pressure from said upper chamber, 
through said combination delivery-exhaust tube, and to 
said lower chamber; and wherein said one way check valve 
means is disposed adjacent to said fluid delivery orifice. 

6. A tube structure according to claim S, wherein said 
fluid delivery passage further comprises a tubular section 
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having an open ñrst end communicating with said ñuid 
delivery orifice in said tube, and an open second end spaced 
from said combination delivery-exhaust tube and com 
municating with said upper chamber; and wherein said 
one way check valve means is disposed in said tubular 
section. 

7. A tube structure according to claim 1, wherein said 
means defining a ñuid delivery passage comprises means 
defining a fluid delivery orifice extending through said 
partition means, and a ñuid delivery tube having an open 
upper end communicating with said ñuid delivery oriñce 
and an open lower end communicating with said lower 
chamber; and wherein said one way check valve means is 
disposed adjacent to said ñuid delivery orifice. 

8. A tube structure according to claim 7, wherein said 
means defining a fluid exhaust passage comprises a sepa 
rate fluid exhaust tube spaced from said ñuid delivery 
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tube and including an open lower end communicating with 
said lower chamber, a lower section extending through a 
portion of said lower chamber, an intermediate section 
extending through said partition means, and an upper sec 
tion extending through at least a portion of said upper 
chamber and terminating in an upper end. 
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