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UNITED STATES PATENT OFFICE 
2,456,133 

UAp FOR, GASEOUS. WORKING FLUIDS 
Robert Hipscomb, Norton-on-Tees, England, as 
signor to Imperial Chemical Industries Limited, 
a corporation of Great Britain 

Application February 1, 1944, Serial No. 521,956 
Great E3ritain February 15, 1943 

(CI. 230-1) 1. Cairns. 

This invention relates to pumps for gaseous 
working fluids of the type comprising a casing 
and one or more flexible bands forming a Wall 
or walls of one or more working chambers, the 
said band or bands being subjected to bending 
in such a manner that wave-like deformations 
travel unidirectionally along it or then from One 
end to the other. In a device of this kind, hav 
ing a single band if the wave crests maintain 
contact with a wall of the casing and the edges 
also only very slightly clear the casing, the cas 
ing wall and each wave of the band, i. e. the por 
tion from one crest to the next, for in a Working 
chamber which is isolated from the rest of the 
space within the device and which travels from 
one end of the casing to the other and Will there 
fore positively displace any fluid within it; by 
providing an inlet and an outlet communicating 
with the chamber at the respective ends of the 
device, the device becomes a positive pump. With 
a single band use may be made of the Wall and 
therefore of the working chambers on one side 
only of the band, or, if the crests contact With 
the Walls on oppositesides of the band use may 
be made of the chambers on both sides of the 
band. A device having a plurality of bands Will 
operate similarly as regards the spaces between 
the bands provided that the crests of one hand 
maintain contact with another band Or bands; 
in general the crests of one band Will be main 
tained in contact with the crests of the adjacent 
bands, so that Symmetrical Working chambers 
are formed. A multi-band device may also make 
use of the space between one outermost band and 
adjacent wall or between both outermost bands : 
and adjacent walls, provided the crests maintain 
contact with this Wall or Walls. 
In a known pump of this type, the Working 

chamber is formed by a one-piece flexible tube, 
one side of which forms the band to which the 
wave-like movement is impaited. 
struction, however, parts of the tube are sub 
jected to severe alternating bending stresses. 

in other known pumps of this type the OppoS 
ing walls of the operating chamber are separate, 
one wall being a wall of the casing or a band 
executing unidirectional wave-like movement and 
the other being a separate band executing uni 
directional wave-like movement. In these na 
chines, however, in the forms already known, 
either there are rubbing Surfaces exposed to the 
working fiuid, or the amplitude of the waves in 
the bands is not maintained throughout the 
length of the band sufficiently for crests or 
troughs of the waves to remain in contact with 
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Where Such contact, is not maintained the pump 
ceases to be positive, though a certain dynamic 
pumping effect may be obtained more particu 
larly in the case of liquids. 
The object of the present invention is to pro 

vide a positive-displacement pump of the type 
hereinbefore defined of greater efficiency than 
the known pumps of this type and which more 
over is particularly suitable for operating with 
noxious gaseous fluids. 
The pump of the present invention comprises 

a casing, and one or more flexible plates which 
are subjected to bending in such a manner that 
wave-like deformations travel unidirectionally 
along it or then from One end to the other With 
points of maximum displacement in the plate 
or plates in contact with the Wall or walls of the 
casing and/or with each Wave in a plate out of 
phase With but in contact with the wave opposite 
to it in each adjacent plate, thereby causing the 
plate or plates to form one or more working 
chambers With a Wall of the casing and/or be 
tween adjacent plates; this is achieved according 
to the invention by applying oscillatory move 
ments to the plate or plates at intervals through 
out its or their length by means of rods project 
ing into the Working space of the casing through 
gas tight seals and reciprocated by means out 
side the casing, or by applying an oscillatory 
movement to one end of the plate or plates and 
So tapering the plate or plates in thickness and/or 
Width that each wave in a plateriaaintains con 
tact with the wall of the casing and/or with the 
Wave opposite to it in each adjacent plate. 

It is to be observed that since the invention 
makes use of a flexible plate or plates, the severe 
bending stresses inherent in the use of a flexible 
tube or tubes are avoided, but that against this 
there must be a very slight clearance at the edges 
of the plate or plates, past which there will be 
slight leakage into or out of the working chamber. 
In view of the gas tight seals for the operating 
rods used in the invention, this leakage is unim 
portant. The invention further makes it pos 
sible for the casing itself to be used as one of 
the ducts for the fluid being pumped, for in 
stance the outlet, thus simplifying the construc 
tion. 
By the term “wave' used herein is meant two 

consecutive half Waves. 
The arrangement may be such that an unin 

terrupted Succession of the Wave-like deforma 
tions of the plate or plates is maintained dur 
ing the operation of the pump. 
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The invention will now be illustrated by Way 
of example by reference to the accompanying 
drawings in which Figure i is a longitudinal Sec 
tion of one form of pump. Figure 2 is a trans 
verse section on the line AA of Figure 3, Figure 3 
is a longitudinal section of another for of pulp, 
Figure 4 is a , Section on the line 33 of Figure 3, 
and Figure 5 is a pian view of the plates in Fig 
lure 3. 

Referring to Figures 1 and 2, reference nu 
meral denotes a bed plate to which are attached 
two parallel channel members 2 which form the 
sides of the working chambers. Between these 
channel members six plates, 3d, 3b, Sc., 3d, 3e, 3f, 
are mounted so that there is a small clearance 
between their edges and the channel members. 
At one end the plates are rigidly secured by bolts 
4 (only one of which is seen in Figure 1) and 
are spaced apart by sleeves 5 on the bolts. The 
plates 3d, 3c, 3e, are secured between sleeves 6 
on the rods 7, 8, 9 and 6 and are perforated so 
that there is a clearance between then and the 
sleeves, 6 on the rods , 2 and 3. Similarly, 
the plates 35, 3d and 3f are secured between the 
sleeves 6 on the rods , 2, 3 and 4, and are 
perforated to clear the sleeves on the rods 7, 8, 
9 and O. The rods 7 to 4 which pass through 
holes in the bed plate sealed by metallic bellows 
f5, are connected to cross heads is which are 
given a reciprocating motion through the con 
necting rods which are operated by eccentrics 
8 on the shafts 49. The phases of the eccentrics 

are arranged to give a wave notion to the plates, 
such that the waves in each plate are connpletely 
Out of phase With the Waves in adjacent plates. 
The amplitudes of motion are such that, as shown, 
the Wave crests in each plate are inlaintained in 
contact from the line of the rods to that of the 
rods 0, so that except for leakages past the edge 
clearances and the clearances round the sleeves 
On the rods. to , (), closed working chambers 
travel in succession from one end to the other of 
the plates in the direction to the right in Fig. 1, 
and in the example illustrated only the Working 
Chambers between the plates are used. The bed 
plate is provided with a cover plate 28, the gase 
ous fluid entering the working chambers through 
the rectangular-sectioned duct 2 and being dis 
charged into the casing constituted by the bed 
plate and the cover plate 28, thence leaving 
through the pipe 22. 

In the pump shown in Figures 3, 4 and 5, the 
plates. 3a, 3b, 3c, 3d, 3e and 3f are tapered in 
width from the inlet end to the outlet end of 
the Working chambers and the channel members 
2 converge so as to leave a small clearance be 
tween them and the edges of the plates through 
out their length. Plates 3d, 3c and 3e are secured 
between sleeves 6 on the rods Ta, 7b and ic, and 
are perforated so that they clear the sieeves 6 
on the rods fla, f to, and fic. Similarly, the 
plates 3b, 3d and 3f are secured between sleeves 
6 on the rods G, fb, ic, and are perforated 
so that they clear the sleeves on the rods a, b 
and ic. The rods 7c, 7 b and c are reciprocated 
in phase with each other and completely out of 
phase with the rods a, b and c, so that 
the waves generated in each plate are completely 
out of phase with the waves generated in adja 
cent plates. Beyond the rods 7 the wave no 
tion in the plates is free. Consequently the en 
ergy imparted by the plates to the fluid being 
purnped must coine from the supply imparted to 
the plates by the rods and the energy left in the 
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plates will diminish from the inlet end to the 75 

4. 
outlet end; there will also be a small additional 
loss due to external and internal friction. If 
therefore the section of the plates remained con 
stant, the amplitude of the wave motion would 
diminish from inlet to outlet, but this is con 
pensated according to the invention, by dimin 
ishing the section of the plates from inlet to 
outlet, for instance by tapering them. The de 
gree of taper is chosen. With respect to rate of 
fluid flow required so that the amplitude of the 
Waves generated in the plates remains substan 
tially constant throughout the lengths of the 
plate. It. will be evident that this form of the 
invention is only suitable where a predetermined 
and Substantially constant rate of fluid flow is 
required. Instead of tapering the width of the 
plates, the thickness of the plates may be ta 
pered and the Width maintained uniform or a 
combination of tapering width and thickness may 
be employed. 

i claim: 
1. A pump comprising a casing, at least one 

flexible plate therein, rods projecting into the 
Working Space of the casing through gas-tight 
Seals, and attached to the plate at intervals 
throughout its length, means for reciprocating 
the said 'Ods to cause wave-like deformations to 
travel unidirectionally along the plate from the 
Oile end to the other with points of maximum 
displacement in the plate in contact with at least 
one wall of the casing so as to form a pumping 
Space between said plate and said wall, and an 
inlet to and an outlet from said casing. 

2. A pump comprising a casing, a plurality of 
flexible plates therein, to each of which are at 
tached at intervals throughout its length, rods 
Which project out of the working space of the 
casing through gas-tight seals, means for recip 
rocating the Said rods to cause wave-like defor 
naations to travel unidirectionally along the plate 
from One end to the other with each wave in the 
plate Out of phase with but in contact with the 
Wave opposite to it in each adjacent plate so as 
to form pumping Space between said plates, and 
an inlet to and an outlet from said casing. 

3. A pump comprising a casing, a plurality 
of flexible plates therein, means adapted to ap 
piy Oscillatory movements to one end of sach 
plate and to cause wave-like deformations to 
travel unidirectionally along the plate from one 
end to the other, with each wave in the plate 
out of phase with the wave opposite to it in the 
adjacent plates, each plate being tapered so as 
to maintain each wave in it in contact with the 
opposite Waves in the adjacent plates, an inlet 
to Said casing, and an outlet from said casing. 

4. A pump comprising a casing, at least one 
flexible plate therein, means adapted to apply 
Oscillatory movements to one end of each plate 
and So cause Wave-like deformations to travel 
unidirectionally along the plate from one end 
to the other, each plate being tapered so as to 
maintain each Wave in contact with at least one 
Wall of the casing, an inlet to said casing and 
an outlet from said casing. 

5. A pump comprising a casing, a plurality of 
flexible plates therein, to each of which are at 
tached at intervals throughout its lengths, rods 
Which project out of the working space of the cas 
ing through gas-tight seals, means for reciprocat 
ing the said rods to cause wave-like deformations 
to travel unidirectionally along the plate from one 
end to the other with points of maximum dis 
placement in the plate in contact with points of 
Inaximum displacement in the adjacent plates, an 
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inlet to said casing, and an outlet from said 
Casing. 

6. A pump comprising a casing, a plurality of 
flexible plates therein, means adapted to apply. 
oscillatory movements to one end of each plate 5 
and so cause wave-like deformations to travel 
unidirectionally along the plate from one end to 
the other, each plate being tapered so as to main 
tain points of maximum displacement in it in con 
tact with points of maximum displacement in the 10 
adjacent plates, an inlet to said casing, and an 
outlet from said casing. 

7. A pump comprising a casing, a plurality of 
flexible plates therein, means adapted to apply 
oscillatory movements to one end of each plate 15 
and so cause wave-like deformations to travel 
unidirectionally along the plate from one end to 
the other, with each wave in the plate out of phase 
with the wave opposite to it in the adjacent plates, 
each plate being tapered in width so as to main- 20 
tain each wave in it in contact with the opposite 
wave in the adjacent plates, an inlet to Said cas 
ing, and an outlet from said casing. 

8. A pump comprising a casing, a plurality of 
flexible plates therein, means adapted to apply 25 
oscillatory movements to one end of each plate 
and so cause wave-like deformations to travel 
unidirectionally along the plate from one end to 
the other, each plate being tapered in width. So as 
to maintain points of maximum displacement in 30 
it in contact with points of maximum displace 
ment in the adjacent plates, an inlet to said cas 
ing, and an outlet from said casing. 

9. A pump comprising a casing, an inlet to and 
an outlet from said casing, a plurality of flexible 35 
plates in said casing, to each of which are at 
tached near the inlet end of the pump, rods which 
project out of the casing through gas-tight seals, 
means for reciprocating the said rods to cause 
wave-like deformations to travel unidirectionally 40 Ner 
from the inlet edge to the outlet edge of the plate 
With each wave out of phase with the wave oppo 
site to it in the adjacent plates, each plate being 
tapered in width towards its outlet edge so as to 
maintain each wave in it in contact with opposite 45 
waves in adjacent plates. 

6 
10. A pump comprising a casing, an inlet com 

municating with said casing through a rectangu 
lar port, a plurality of flexible plates within said 
casing, anchored near one of their ends in spaced 
relationship in the inlet port, means adapted to 
apply oscillatory movement near the said an 
chored end of each plate and so cause wave-like 
deformations to travel unidirectionally along the 
plate to the other end, with each wave in the plate 
out of phase with the wave opposite to it in the 
adjacent plates, each plate being tapered in width 
towards the said other end to maintain each wave 
in the plate in contact with the opposite wave in 
the adjacent plates, and an outlet leading from 
said casing near the narrower ends of the plates. 

11. A pump comprising a Casing, an inlet con 
municating with said casing through a rectangu 
lar port, a plurality of flexible plates within said 
casing, anchored near one of their ends in Spaced 
relationship in the inlet port, to each of which 
plates are attached throughout its length, rods 
which project out of the casing through gas-tight 
seals, means outside the casing adapted to recipro 
cate the said rods and cause Wave-like deforma 
tions to travel unidirectionally from the anchored 
end of the plate to the other end thereof, with 
points of maximum displacement in the plate in 
contact with points of maximum displacement in 
the adjacent plates, and an outlet leading from 
said casing near the ends of the plates remote 
from the inlet port. 

ROBERT LIPSCOMB. 
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