
|_. L. BOLSTAD 3,021,793 
FLUID PUMP 

Filed Dec. 9, 1959 

Feb. 20, 1962' 

INVENTOR; 
LUTHER 1.. BOLSTAD 

Y gwwéw 

157.4 F1'7.5 Fig.5 



grate Fatent 
1 

3,021,793 
FLUID PUMP 

Luther Bolstad, t. Louis Park, Minn, assignor to 
Minneapolis-Honeywell Regulator Company, Minneap 

' olis, Minn, a corporation of Delaware ‘ 
Filed Dec. 9, H59, Ser. No. 858,464 

11‘. Qlaims. (Cl. 103-152) 

My invention relates to pumps and more particularly to 
an improved pump of the valveless type. 
The design and manufacture of pumps is well established 

and highly developed. Pumps have taken many forms in 
de?ning or establishing variable volume chambers to 
provide for displacement or ?ow through the pump, and 
many valving con?gurations to control the entrance and 
exit for exhaust of ?uid being pumped therethrough. In 
addition the ?eld of valveless pumps include other types 
which do not operate on the variable volume principle 
but rather utilize the characteristics of the ?uid, such as 
conductivity or expansion to cooperate with a motivating 
source and provide the pumping action. The present dis 
closure is directed basically to the variable volume type 
pump utilizing basically a new piston or chamber con 
?guration. it is also speci?cally applicable to a valveless 
type pump. My improved valveless pump design is par 
ticularly applicable to the pumping of ?uids which could 
be mechanically damaged by the use of valves or me 
chanical surfaces which squeeze portions of the ?uid to 
effect the characteristics of the same. For example this 
improved pump design is particularly applicable to pump 
ing of human blood which because of its nature is par 
ticularly susceptible to mechanical damage. However, it 
should be noted that this particular pump design is ap 
plicable for pumping of any type of ?uid and is par 
ticularly desirable because of its simplicity in structure. 
It is therefore an object of this invention to provide an 
improved valveless type pump. Another object of this in 
vention is to provide an improved pump of this type for 
pumping ?uids which are susceptible to mechanical dam 
age such as human blood. A further object of this inven 
tion is to provide an improved valveless type pump op 
erated by the generation of waves on a piston member of 
the pump which cooperates with an enclosing casing to 
generate a variable volume chamber which moves the ?uid 
through the pump. A still further object of this inven 
tion is to provide an improved pump of this type which 
is simple in design and economical to manufacture and 
maintain. These and other objects of this invention will 
become apparent from a reading of the attached descrip 
tion together with the drawings wherein; 
FIGURE 1 is a schematic disclosure of the pump, and 
FIGURES 2, 3, 4, 5, and 6 are schematic disclosures 

of portions of the pump in various stages of operation. 
FIGURE 7 is a schematic drawing of a portion of the 

pump showing another embodiment of the invention. 
As will be seen in FIGURE 1, the schematic disclosure 

7 of the pump includes a container or reservoir indicated at 
14} designed to contain a ?uid medium indicated at 11 
which is to be pumped. Reservoir 19 has a cylindrical 
passage or conduit 15 attached thereto, shown at the 
bottom of the reservoir 10 with an open extremity 16 or 
inlet communicating with the reservoir 10such that ?uid 
may pass therethrough. The conduit as shown in FIG 
URE l is bent so that the ?uid ?ow will not be normally 
passed therethrough due to gravitational effects but rather 
will be trapped at the height of the ?uid in the container 
such as is indicated as 26- in FIGURE 1. The extremity 
of the conduit 15 indicated at 21 forms the outlet for the 
pump to which connection may be made to receive the 
outlet from the pump. Positioned in the conduit 15 is a 
cylindrical member 25 or piston-like member which acts 
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to move the ?uid through the conduit 15, as will be later 
described. Piston or cylindrical members 25 is made 
basically of an elastic material which may be solid or hol 
low but is capable of having a wave generated on the 
surface of the same which will advance down the length 
of tie piston or member: in a rolling type action in accord 
ance with a frequency of oscillation imparted to the same. 
The clearance between the piston member 25 and the 
conduit 15 will de?ne a gap area, better seen in FIGURES 
2 through 6 (and indicated at 39) through which the 
?uid will move. The cylindrical member or piston or 
blob will be of the undulating type upon shock or oscilla 
tion being imparted thereto. This member may be made 
of a soft gel-like material substantially uniform in density 
which will not absorb the oscillation or shock imparted 
thereto but will rather, as previously indicated, generate 
a wave on the surface of the same. Actually the piston 
may be made of a latex type bag ?lled with a ?uid, such 
as a rubber balloon with the liquid or ?uid therein being 
non-shock absorbing. The dimensional clearance of the 
gap will be determined basically by the characteristics of 
the piston material such that the waves generated thereon, 
as will be seen in FIGURES 3—6, touch or be positioned 
closely to the walls of the conduit 15 such that it will pre 
sent a variable volume chamber moving down the side of 
the piston or plug advancing the ?uid through the gap 
from inlet to outlet. Actually the clearance between the 
piston and the conduit will depend upon the amplitude of 
the Waves produced, the main feature being that there 
will be a minimum amount of back?ow from outlet to 
inlet with the operation of the piston. The frequency 
of oscillation of the cylindrical member or plug should 
be such that at least one Wave and preferably two appear 
on the surface of the piston at a given time thus forming 
an annular volume or a succession of annular volumes 
moving down the piston. The velocity of the wave will 
be determined by the density di?erence between the piston 
material and ?uid as well as the rigidity of the piston. 

In FIGURE 1 the piston is shown as actuated mechan 
ically by means of a shaft 32 to which the piston is suit 
ably attached by means not shown, the shaft being driven 
by an oscillating type motor or driver 35 which in effect 
is a frequency generator or oscillator imparting shocks to 
the piston. This motor is mounted or clamped by means 
of a suitable bracket 38 to the Walls of the container or 
reservoir 10 such that the piston will remain ?xed relative 
to the conduit and the ?uid will advance from the reservoir 
10 through the outlet 21. 
The driver could also be activated electromagnetically 

by an external coil positioned around the conduit and 
being in?uenced by a suitable magnetic means positioned 
inside the piston. This will make it possible to pump 
?uid in the closed system containing no valves or pack 
ing glands. FIGURE 7 shows schematically a magnetic 
coil arrangement indicated at 40 which cooperates with 
an internally positioned piston-like member 42 including 
a cooperating magnetic part 44, the member 42 posi~ 
tioned in the conduit 15. The piston type member 42 is 
positioned with respect to the conduit by means of a sup 
port or bracket indicated at 43 attached to the conduit 
when allowing ?ow passages from the inlet to the conduit. 

In FIGURE 2 a portion of the apparatus is shown with 
the piston member 25 positioned in the conduit 15 with 
out any waves being generated-thereon, this being an in 
dication of the rest position of the device. FIGURE 3 
shows an, initial shock or oscillation imparted to- the 
piston-like member 25 generating a wave such as is in 
dicated at 45 from a surface thereof which" wave will 
touch or substantially touch the walls 15 of the conduit. 
Fluid in the conduit ahead of the wave will be trapped 
and‘ be forced in the gap 36 between the piston and the 
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conduit advancing with the movement of the waves, such 
as is indicated in FIGURE 4 which shows the wave in an 
intermediate position. A change in direction of oscilla 
tion will continue to advance the wave toward the ex 
tremity of the piston forcing the ?uid ahead of the same 
as the shock is imparted to the piston in the opposite di 
rection. FlGURE 5 shows the piston 25 in the condi 
tion where one wave 45 has advanced to the extremity 
of the piston forcing the ?uid ahead of the same and a 
second wave 45’ is being generated at the upper surface 
thereof trapping ?uid and advancing the same through 
the gap. FIGURE 6 is similar to FIGURE 4 in that the 
initial wave has now subsided and the second wave 45' 
has advanced substantially along the length of the piston 
25 forcing the ?uid ahead of the same. 
While I have shown a cylindrical piston member and 

a cylindrical conduit, it may be recognized that these parts 
may take any con?guration desired. Similarly, as in 
FIGURE 7, the piston may include a portion of the motor 
or oscillating apparatus which generates the shock or 
oscillation and a cooperating or energizing port being in 
cluded around the outer portion of the conduit instead of 
being mechanically attached thereto. Further while a 
single wave is shown generated on the surface of the 
piston member, in actual fact a plurality of waves are 
generated on the same making a series of annular vol 
umes which advance the ?uid down the walls of the con 
duit in the gap between the piston-like member or cylindri 
cal member on the conduit 50. 
The particular pump disclosed herein is particularly 

adaptable for use with human blood ?ow as an arti?cial 
heart or mechanical heart in that it includes no valving 
members which mechanically damage through pinching 
or clamping the blood to destroy the balance between the 
red and white corpuscles of the same. In this improved 
pump, a soft piston member has waves generated upon 
the same which roll or advance down the sides of the con 
tainer urging blood ?ow ahead of the same to prevent 
any mechanical breakdown or damage to the blood. It 
should be recognized, however, that the apparatus is par 
ticularly adaptable for uses other than pumping this type 
of ?uid and the simplicity of the structure makes it eco 
nomical to manufacture and maintain. 

In considering this invention it should be remembered 
that the present disclosure is illustrative only and I wish 
to be limited only by the appended claims. 

I claim: 
1. A ?uid pump comprising, a casing, a piston type 

member positioned in said casing and providing a gap 
therebetween, a ?uid supply source common to one end 
of said casing and outlet means connected to the other 
end of said casing, and means included in part with said 
piston member to impart a plurality of shocks thereto 
at a predetermined frequency to oscillate said piston mem 
her in said casing, said piston member being made of an 
elastic material such that said shocks imparted thereto 
generate waves on the surface thereof which cooperate 
with the casing to force ?uid through said gap in the di 
rection of propagation of said waves. 

2. A ?uid pump comprising, a casing, a piston type 
member positioned in said casing and providing a gap 
therebetween, a ?uid supply source common to one end 
of said casing and outlet means connected to the other 
end of said casing, and means connected in part to said 
piston member to impart a plurality of shocks thereto 
.at a predetermined frequency to oscillate said piston 
.member in said casing, said piston member being made 
of an elastic material such that said shocks imparted 
thereto generate waves on the surface thereof which co 
operate With the casing to force ?uid through said gap 
in the. direction of propagation of said waves. 

3. A ?uid pump comprising, a casing, a piston type 
member positioned in said casing and providing a gap 
therebetween, a ?uid supply source common to oneaend 
of said casing and outlet means connected to the other 
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4 
end of said casing, and means including in part with said 
piston member to impart a plurality of shocks thereto at 
a predetermined frequency to oscillate said piston mem 
ber in said casing, said piston member being made of a 
soft gel-like material being ?exible in form such that said 
shocks imparted thereto generate waves on the surface 
thereof which cooperate with the casing to force ?uid 
through said gap in the direction of propagation of said 
waves. 

4. A ?uid pump comprising, a casing, a piston type 
member positioned in said casing and providing a gap 
therebetween, a ?uid supply source common to one end 
of said casing and outlet means connected to the other end 
of said casing, and means included in part with said piston 
member to impart a plurality of shocks thereto at a pre 
determined frequency to oscillate said piston member, in 
said casing, said piston member having an elastic surface 
and being ?lled with a non-shock absorbing material such 
that said shocks imparted thereto generate waves on the 
surface thereof which cooperate with the casing to force 
fluid through said gap in the direction of propagation of 
said waves. 

5. A ?uid pump comprising, a casing, an elastic plug 
positioned in said casing and providing a spacing there 
between, an inlet and an outlet means for ?uid at the 
extremities of said casing, said plug being made of an 
elastic material the surface of which will have waves 
generated thereon upon oscillation of said plug at a pre 
determined frequency, and driving means connected to 
said plug for oscillating the same at said frequency to gen 
erate waves of su?icient magnitude to cooperate with said 
casing to provide a pumping action. 

6. A fluid pump comprising, a casing, an elastic plug 
positioned in said casing and providing a spacing there 
between, an inlet and an outlet means for ?uid at the 
extremities of said casing, said plug being made of an 
elastic material the surface of which will have waves 
generated thereon upon oscillation of said plug, and a 
driving means connected to said plug for oscillating the 
same at a predetermined frequency, the elasticity of the 
material in said plug and the frequency of oscillation of 
said driving means being such that a plurality of waves 
are generated on the surface of the plug at any given time 
to cooperate with said casing and provide a pumping 
action. ' _ 

7. A ?uid pump comprising, a casing, a plug positioned 
in said casing and providing a spacing therebetween, an 
inlet and an outlet means for ?uid at the extremities of 
said casing, said plug being made of an elastic material 
the surface of which will have waves generated thereon 
upon oscillation of said plug above a predetermined range 
of frequency, the Waves on the surface of said plug co 
operating with said casing to form variable volume cham 
bers with said casing which advance from said inlet toward 
said outlet in said casing with oscillation of said plug, 
and driving means connected to said plug for oscillating 
said plug at a frequency‘ of oscillation to provide a pump 
ing action through the formation of said variable volume 
chambers. ’ 

8. A'?uid pump comprising, a cylindrical casing, a 
cylindrical member positioned in said’casing and provid- ' 
ing a spacing therebetween, inlet and outlet passage means 
at the extremities of said casing, said cylindrical member 
being made of an elastic material and adapted to be oscil 
lated at a predetermined frequency in said casing so as 
to generate waves on the surface thereof, said waves on 
said surface of said cylindrical member cooperating with 
said casing to form a succession of annular volumes mov 
ing along said casing and adapted to advance a ?uid enter 
ing said casing at said inlet toward the outlet of said 
casing, and driving means being ?xed relative to the cas 
ing and connected to said cylindrical member to oscillate 
the same at said frequency to generate the waves thereon. 

9. A ?uid pump comprising, a container, 21 ?uid medium 
positioned in said containerand adapted to‘ be pumped, 
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outlet means, conduit means connecting said container 
and said outlet means and being so positioned that ?ow 
does not normally ?ow therethrough, an elastic piston 
positioned in and spaced from said conduit means and 
adapted to have waves generated on the surface thereof 
upon oscillation of said piston at a predetermined fre 
quency which cooperate with the surface of said conduit 
means to move the ?uid medium through said conduit 
means, and means for oscillating said piston to generate 
said waves While maintaining said piston in a relatively 
?xed relationship to said conduit means. 

10. A ?uid pump comprising, a reservoir, a ?uid medium 
positioned in said reservoir adapted to be pumped, outlet 
means, conduit means connecting said reservoir and said 
outlet means, an elastic piston positioned in and spaced 
from said conduit means and adapted to have waves gen 
erated on the surface thereof upon oscillation of said 
piston at a predetermined frequency which cooperate with 
the surface of said conduit means to move the fluid 
medium through said conduit means, and means ?xed in 
part relative to said conduit means and connected in part 
to said piston for oscillating said piston to generate said 
waves. 

11. A ?uid pump comprising, a reservoir, a ?uid me 
dium positioned in said reservoir adapted to be pumped, 
outlet means, conduit means connecting said chamber 
and said outlet means, an elastic piston positioned in 
and spaced from said conduit means and adapted to have 
Waves generated on the surface thereof upon oscillation 
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of said piston at a predetermined frequency which co 
operate With the surface of said conduit means to move 
the fluid medium through said conduit means, and shock 
generation means included in part with said piston and 
imparting a shock to said piston to generate said waves. 

12. A ?uid pump comprising, a reservoir, a fluid 
medium in said reservoir adapted to be pumped, outlet 
means, conduit means connecting said reservoir and said 
outlet means and being positioned relative thereto that 
flow of the ?uid medium from said reservoir does not 
normally ?ow therethrough, an elastic piston positioned 
in and spaced from said conduit means and adapted to 
have a plurality of waves generated on the surface there 
of upon oscillation of said piston, and shock generation 
meansincluded input with said piston and imparting 
a shock to said piston to oscillate said piston at a prede 
termined frequency to generate said waves, the dimen 
sions of said conduit means and said piston and the ma 
terial forming said piston being such that the spacing 
between said piston and said conduit means is substan 
tially ?lled by the waves generated on the surface of 
said piston to provide a succession of volumes of ?uid 
medium advancing along the surface of said piston dur 
ing said oscillation. 

References Cited in the ?le of this patent 

UNITED STATES PATENTS 

2,311,196 Ahern ______________ __ Feb. 16, 1943 


