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ABSTRACT OF THE DESCLOSURE 
An elongated rectangular conduit, made of a colloidal 

semipermeable membrane, is connected in flow com 
munication with a source of liquid to be treated and posi 
tioned in a tank. Nozzles within the tank direct a pair 
of jet streams of dialysate against one side of the conduit, 
forcing the conduit against a backup support and pinching 
off a vertical pocket of liquid therein. These dialysate jet 
streams slowly move from the inlet to the outlet of the 
conduit, forcing the liquid within the pocket to travel 
through the conduit. The dialysate, after impinging 
against the conduit, is circulated thereabout so that dial 
ysis takes place through the conduit membrane as the 
liquid travels through the conduit. 

BACKGROUND OF THE INVENTION 
Field of the invention 

This invention relates to liquid handling, purification 
and separation, and more particularly, to a dialyzer and 
method of dialysis that is especially adapted for the 
purification of blood. 

Description of the prior art 
Known types of artificial kidney machines are charac 

terized by high costs. At the present time, it is estimated 
to cost $10,000 per year to treat a patient with an 
artificial kidney machine. This annual expense represents 
amortization of the initial cost of the machine, labor 
costs for operation and maintenance costs including the 
replacement of membrane coils. 
In existing machines, it is difficult to maintain an even 

parallel flow between the membranes and unless such 
flow is maintained, the efficiency of the dialysis process 
is reduced. Furthermore, blood tends to stagnate and clot 
in dead end passages which do not return to the main 
stream of flow. The internal resistance to flow in existing 
machines is usually high so that blood pumps are re 
quired and such pumps cause damage to the platelets in 
the blood. Another feature of existing machines which 
presents a problem is the priming volume or blood out 
side of the patient during the dialysis operation. Often, 
this blood demand is so large that it is necessary to give 
the patient a blood transfusion with each treatment. 

SUMMARY OF THE INVENTION 

A method of liquid handling is disclosed for convey 
ing small quantities of liquid through a conduit, with a 
minimum amount of pressure, while maintaining an even 
flow. A liquid conveyor utilizing this method includes an 
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elongated flexible conduit which is supported on one side 
and at least one pair of movable nozzles are directed 
towards the opposite side of the conduit. Jet streams of 
fluid are projected from the nozzles and impinge against 
the conduit in spaced relationship to each other. The 
conduit is pinched against the support at the points of 
impingement of the jet streams to form a pocket and a 
quantity of liquid is trapped therein. This quantity of 
liquid within the pocket is impelled through the conduit 
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by moving the nozzles so that the jet streams travel in 
spaced relationship along the conduit. 
This method of liquid handling is particularly suitabie 

for dialysis wherein the conduit is made of a colloidal 
semipermeable membrane and the fluid discharged from 
the nozzles is dialysate. Dialysis is performed by the 
steps of directing a liquid to be treated to flow into the 
conduit, directing at least one pair of jet streams of 
dialysate to impinge against the conduit to trap a pocket 
of liquid therein, moving the jet streams in spaced rela 
tionship along the conduit to impel the pocket of liquid 
to travel through the conduit and circulating the dialysate 
of the jet streams after impingement against the conduit 
to flow thereabout so that dialysis occurs through the 
conduit membrane. 
The conduit used for dialysis of blood in accordance 

with this invention is made of a tubular piece of mem 
brane, Such as cellophane, having a rectangular shape. 
The replacement cost of this conduit is approximately 
one-Seventh the cost of known twin-coil membrane units 
and a considerable savings is achieved over a years time, 
since the membrane conduit must be replaced with each 
treatment. The method of impelling flow through the 
conduit by the action of jet streams of fluid thereagainst 
causes a fixed quantity of liquid in each pocket to travel 
Separately through the conduit, thus maintaining a con 
trolled volume and even flow. The quantity of liquid in 
each pocket is regulated by the time of exposure of each 
pocket to the inlet, and the blood flow rate at the inlet. 
Thus, the quantity of blood inside the conduit is con 
trolled and the priming volume is held to a minimum so 
that blood transfusions are unnecessary. No blood pumps 
which cause damage to the platelets in the blood are re 
quired because of the impelling action of the moving jet 
Streas. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGURE 1 is a perspective view of a dialyzer, em 

bodying the present invention, in use for treating a patient. 
FIGURE 2 is a side elevation view of the dialyzer 

shown in FIGURE 1, with portions broken away to illus 
trate underlying structure. 
FIGURE 3 is a broken top plane view of the dialyzer 

shown in FIGURE 1. 
FIGURE 4 is a broken side elevation view of a dialysis 

conduit, as used in the dialyzer shown in FIGURE 1. 
FIGURE 5 is a section taken on the line 5-5 of FIG 

URE 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Looking now at FIGURE 1, a dialyzer 10 is shown 
Serving as an artificial kidney to treat the blood of a 
patient P. The dialyzer is mounted upon four casters 12, 
which support a frame 14 and a lower housing 16 that 
extends upward therefrom. A dialysis tank 18, a control 
panel cabinet 20 and a dialysate reservoir 22 are mounted 
upon the lower housing. Fixed to the control panel cabinet 
is a push bar 24 that is used for moving the dialyzer to 
a desired location. A cover 26 is provided for the dialysis 
tank and in FIGURE 1 this cover is partially broken away 
to allow the tank interior to be shown. 
The dialysis tank 18 has a bottom panel 28, as shown 

in FIGURE 2, with an opening at the center. A hollow 
mounting column 30 is bolted to the bottom panel below 
the center opening by a connecting flange 32. Connected 
to one side of the mounting column is a motor 34 and 
a drive shaft 36 extends downward from the motor, 
parallel with the column. At the lower end of the drive 
Shaft, a drive pulley 38 is mounted. Rotatably fitted with 
in the mounting column are an inner coaxial shaft 40 and 
an outer coaxial shaft 42. A large diameter driven pulley 
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44 is mounted on the inner coaxial shaft, opposite the 
drive pulley mounted on the motor drive shaft, and these 
pulleys are interconnected by a drive belt 46. The inner 
coaxial shaft extends downward from the driven pulley 
and at the lowermost end thereof is mounted a small 
diameter drive pulley 48. 
An arm 50 extends outward from the mounting col 

umn 30 on the side opposite from the motor 34 and jour 
naled within the arm is a reduction drive shaft 52 upon 
which a large driven pulley 54 is mounted. A drive belt 
56 is trained about the drive pulley 48 and the driven 
pulley 54 for transmitting rotation thereto. At a location 
spaced above the driven pulley 54, a small diameter drive 
pulley 58 is mounted on the shaft 52 and a large diameter 
drive pulley 60 is mounted opposite therefrom on the 
outer coaxial shaft 42. A drive belt 62 is trained about 
drive pulley 58 and driven pulley 60 for transmitting ro 
tation to the outer coaxial shaft. It should be noted that 
the differences in pulley diameters reduces the rotation 
of the outer coaxial shaft with relationship to the rotation 
of the inner coaxial shaft. 
A disk 63 is mounted at the upper end of the inner co 

axial shaft inside of the dialysis tank 18 and a support 
flange 64 extends radially outward around the lower pe 
riphery of the disk. A ring 66 projects radially outward 
from the inner coaxial shaft at a location spaced above 
the disk and a pair of drive pins 68 and 70 project up 
wardly therefrom. The inner coaxial shaft extends upward 
from the ring to the upper portion of the tank and a radial 
groove 72 is provided near the uppermost end of the shaft. 
A distributor assembly 74 fits within the dialysis tank 

18 and includes a top plate 78, a bottom plate 80 and 
a series of vertical vanes 82 extending between the plates, 
spaced radially about the circumference thereof. Perfora 
tions 76 (FIG. 3) are provided in the top plate to permit 
dialysate to flow downward through the plate and a center 
opening about which a bushing 77 is fitted provides for 
the insertion of a screen guide tube, which will later be 
described. A pair of small holes are provided in the bot 
tom plate enabling the drive pins 68 and 70 to project 
therein and a center opening is provided to fit the bottom 
plate around the inner coaxial shaft 40. The bottom plate 
rests upon the ring 66 and is locked by the drive pins for 
rotation therewith. Rotation of the distributor assembly 
forces the dialysate, which flows downward through per 
forations in the top plate, to flow radially outward be 
tween the vertical vanes. 
A nozzle rotor assembly 86 is spaced radially outward 

from the distributor assembly 74 and includes a bottom 
ring 88 and a top ring 90, between which pairs of con 
verging vanes 92 and 94 are positioned. These vanes are 
arranged so that they converge outwardly, each pair of 
converging vanes forming a nozzle 95. Dialysate forced 
against the vanes by the distributor assembly must pass 
through the nozzles, which has a very narrow width but 
a height extending the length of the vanes between top 
and bottom rings. The bottom ring of the nozzle rotor 
assembly rests upon support flange 64 of disk 63 and ro 
tation of this disk drives the nozzle rotor assembly. This 
method of support provides easy liftout disassembly for 
cleaning purposes. 
A cylindrical shaped inner screen 96 is positioned radi 

ally outward from the nozzle rotor assembly 86 and has 
a bottom ring 98 projecting radially outward at the bot 
tom thereof. The screen is suspended from a cover 100 
that extends over the nozzle rotor assembly and a center 
opening 102 is provided in the cover to permit dialysate 
to flow from above the cover to the space within the dis 
tributor assembly 74. A handle 104 is attached to the 
cover and extends over the center opening so that the 
inner screen assembly may be lifted upward out of the 
dialysis tank. Also attached to the cover is a support mem 
ber 106 that extends across the center opening in a direc 
tion transversely of the handle and supports a central 
guide tube 108 which fits over the upper portion of the 
inner coaxial shaft 40. A spring detent 110 is fixed to the 
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4 
lower end portion of the central guide tube and when the 
inner screen assembly is elevated to a loading position, 
the spring detent engages within the radial groove 72 at 
the upper end of the inner coaxial shaft. Support ears 112 
project radially outward from the periphery of the cover 
100 to suspend the inner screen in a stationary position 
above the rotating nozzle rotor assembly and distributor 
assembly. 
An outer screen 114 is spaced radially outward from 

the inner screen 96 and extends between an upper ring 
116 and a lower ring 118. Support rods, not shown, ex 
tend between the upper and lower rings to maintain 
the spacing therebetween and both the upper and lower 
rings are perforated with circulation holes 120 to enable 
dialysate to flow behind the outer screen. The lower 
ring rests upon a circumferential flange 122 which ex 
tends upward from the bottom of the dialysis tank. 
Support ears 112 of the inner screen rest upon the top 
of the upper ring and hold the inner screen in position. 
A dialysis conduit 126, as shown in FIGURE 4, is 

formed from a tube of colloidal semipermeable material, 
such as cellophane, and has an inlet tube 128 and a 
outlet tube 130 connected to the opposite ends thereof. 
Each of these tubes have a slotted opening 132 which 
face the interior of the dialysis conduit, while the ends 
of the conduit are wrapped about the tube, as shown 
in FIGURE 5, and held in place by an extruded plastic 
U-shaped clamp 134. At the top of each U-shaped clamp, 
a rubber nipple 136 fits about the tube to seal the upper 
portions of the conduit. 
The dialysis conduit 126 is positioned between the 

inner screen 96 and the outer screen 114 and extends 
circumferentially about the tank. The conduit is spaced 
above the bottom ring 98 of the inner screen and the 
inlet tube 128 and outlet tube 130 extend upward through 
an indentation in the upper ring of the outer screen. A 
Supply line 138 connects the inlet tube to a source of 
liquid to be treated, such as the arm of a patient P as 
shown in FIGURE 1, while a return line 140 connects 
the outlet tube to the source for returning the treated 
liquid. 
The dialysate reservoir 22 contains a concentrated sup 

ply of dialysate which is positively metered and mixed 
with tap water before being fed into the dialysis tank 
18. A retractable siphon 142 is connected to the dialysate 
reservoir and to a line 144 that is connected with a pro 
portioning pump 146 so that concentrated dialysate is 
supplied to the pump. Hot tap water is fed to a line 148 
and cold tap water to a line 150, both lines beiny connect 
ed to a thermostat controlled mixing valve 152, which is 
coupled by a supply line 154 to the proportioning pump. 
Thus, water at an optimum temperature is fed to the 
proportioning pump. Reduction drive shaft 52 extends 
upward from the mount-arm 50 and has a crank arm 
156 mounted thereon which controls a piston rod 158 
fitting within the proportioning pump. A water piston 
157 and a dialysate piston 159 are fixed to the piston 
rod and positioned within respective chambers of the 
pump. Reciprocation of the piston rod positively meters 
fixed amounts of concentrated dialysate and water to be 
pumped per stroke. A water supply line 160 and a di 
alysate supply line 162 extend from the pump to a mix 
ing chamber 164 and a port 166 is provided between 
the mixing chamber and the dialysis tank for feeding the 
mixed dialysate solution therein. 
An overflow outlet 168, as shown in FIGURE 2, is 

provided near the top of the dialysis tank 18 and is con 
nected by a hose connection, not shown, to a sink drain. 
Since dialysate solution is continuously pumped into the 
tank during treatment operation, this outlet provides for 
the overflow. A bottom drain within the dialysis tank is 
connected to a drain outlet 170, shown in FIGURE 1, 
enabling the dialysis tank to be drained after each treat 
ment. 
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When using the dialyzer 10 as an artificial kidney ma 
chine for purifying the blood of a patient P, the dialyzer 
is placed at a convenient location adjacent the patient. 
Cover 26 is removed and the inner screen 96 is raised 
to a loading position by the handle 104, where the de 
tent 110 engages within the radial groove 72. The di 
alysis conduit 126 is wrapped about the outer circumfer 
ence of the inner screen, which is then returned to a 
lower position within the dialysis tank, and the dialysis 
conduit is positioned between the inner and outer screens. 
Supply lines 138 and 140 are connected to the forearm of 
a patient so that blood can flow through the dialysis con 
duit and return. 

Concentrated dialysate is mixed with water in the mix 
ing chamber 164 to form a proper dialysate solution 
which flows through an opening 166 into the dialysis tank 
18. The dialysate solution flows radially outward within 
the tank and passes upward through circulation holes 
120. Then the dialysate solution flows downward through 
the opening 102 in the inner screen cover 100 and through 
perforations 76 in the top plate 78 of the distributor 
assembly 74. Rotation of the distributor assembly forces 
the dialysate solution to flow radially outward between 
the vertical vanes 82 and between the converging Vanes 
92 and 94 which form nozzles 95 on the nozzle rotor 
assembly. Jet streams of dialysate solution are forced 
through the nozzles and impinge against the dialysis con 
duit, forcing the face of the dialysis conduit outward 
from the inner screen and pinching the conduit against 
the outer screen, opposite each nozzle. A pocket B of 
blood is trapped between adjacent jet streams and as 
the nozzle rotor moves in a direction counterclockwise 
about the tank, the trapped pockets of blood are impelled 
to flow from the inlet tube 128 around the dialysis con 
duit to the outlet tube 130. The dialysate solution, after 
impinging against the dialysis conduit 126, flows down 
ward adjacent the inner screen and then upward through 
circulation holes 120, behind the outer screen. This pro 
vides circulation of dialysate solution on both sides of 
the conduit as blood is forced to flow within the con 
duit. Effective dialysis takes place as the blood passes 
through the conduit and it is returned to the patient P 
through line 140. Any excess dialysate solution is dis 
charged through overflow outlet 168 to a sink drain. 

Having completed a detailed description of the inven 
tion so that those skilled in the art could practice the 
same, I claim: 

1. A method of dialysis which includes the steps of 
directing a liquid to be treated to flow into an elongated 
conduit made of a flexible colloidal semipermeable mem 
brane; directing a plurality of jet streams of dialysate to 
impinge in spaced relationship to each other against one 
side of the conduit trapping at least one pocket of liquid 
to be treated therein; moving the jet streams of dialysate 
along the conduit in spaced relationship, impelling the 
trapped pocket of liquid to be treated to flow from an 
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6 
inlet to an outlet of the conduit; and simultaneously cir 
culating the dialysate about the conduit enabling dialysis 
to occur through the conduit membrane with the trapped 
pocket of liquid to be treated. 

2. The method of dialysis as described in claim 1 in 
cluding supporting the conduit on the side opposite from 
the one side against which the jet streams of dialysate im 
pinge. - 

3. The method of dialysis as described in claim 2 
wherein the dialysate circulates downward adjacent the 
conduit side of impingement and upward adjacent the 
conduit side of support. 

4. The method of dialysis as described in claim 2 
wherein the liquid to be treated is the blood of a pa 
tient and the step of directing the liquid to flow into the 
conduit includes connecting the conduit in circuitry with 
the patient's blood supply. 

5. A dialyzer comprising an elongated conduit made 
of a flexible colloidal semipermeable membrane, said con 
duit having an inlet at one end and an outlet at the op 
posite end thereof through which a liquid to be treated 
flows; a plurality of nozzles positioned substantially per 
pendicular to the conduit for directing at least two jet 
streams of dialysate to impinge in spaced relationship 
to each other against one side of the conduit to trap a 
pocket of liquid to be treated therein; means for mov 
ing the pair of nozzles so that the jet streams of dialysate 
travel in spaced relationship along the conduit, impelling 
the trapped pocket of liquid to be treated to flow within 
the conduit from the inlet to the outlet thereof; and 
means for circulating the dialysate about the conduit 
enabling the dialysis to occur through the conduit men 
brane with the pocket of liquid to be treated. 

6. A dialyzer as described in claim 5, wherein the con 
duit is a rectangular shaped cellophane bag. 

7. A dialyzer as described in claim 5, including a tank 
in which the conduit is positioned and at least one screen 
is positioned within the tank on the opposite side of the 
conduit from the nozzles to provide support for the con 
duit. 

8. A dialyzer as described in claim 7, wherein the pair 
of nozzles are located on a nozzle rotor assembly and 
the conduit and screen are positioned circumferentially 
thereabout. 
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