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UNITED STATES PATENT OFFICE 
2,672,27 

HYDROTURBANE PUMP 
Harold E. Adams, Norwalk, Conn., assignor to 
Nash Engineering Company, South Norwalk, 
Conn., a corporation of Connecticut 

Application February 15, 1951, Serial No. 211,167 
(CI. 230-79) 14 Clains. 

This invention relates to gas pumps of the hy 
droturbine type. in a pump of this type, a ro 
tating ring of liquid, operated within an eccentric 
Casing, is made to serve as the displacement 
tedium. The Well known Nash type Compressor 

Cr' Vacuum pump is a good illustration of the type 
of Structure to which the invention is applicable. 
More specifically, the invention relates to im 

provements in pump structures of the kind 
disclosed in Adams Patents it 1,847,548 and 
it 1847,586 of March 1, 1932, and #2,195.375 of 
ilarch 26, 1940, wherein a rotor of unifornia ex 
ternal dia.netter operates Within an eccentric 
casing and cooperates with tapered conical port 
members which extend centrally into the rotor 
from opposite ends thereof. 

in the usual pump of this kind, the body is 
constructed to provide lobes and lands in alter 
nation, divided by boundary edges which extend 
parallel to one another and to the axis of the 
rotor. The cone ports are formed with lateral 
boundary edges which are disposed in axial 
planes. The rotor blades are also disposed in axial 
planes. Neither the inner edges nor the outer 
edges of the rotor blades have any circumferen 
tial component. As the rotor turns the inher 
rotor blade edges are caused one after another 
to cross the lateral boundary edges of the ports, 
and the outer rotor blade edges are caused one 
after another to cross the lobe edges successively. 
Since the lobe edges and the outer rotor blade 

edges both extend axially, each outer blade edge 
crosses each iobe edge throughout its entire 
length at a single instant. Since each Such cross 
ing marks either the end of a compression period 35 
or the beginning of a suction period and, there 
fore, a change of operating conditions, the abrupt 
crossing is objectionable. It causes shock, strain, 
vibration, noise and cavitation. Each lateral 
soundary edge of each cone port is crossed by 
each inner blade edge with similar abruptness 
and with similar though somewhat less objection 
able effects. 

it is a primary object of this invention to pro 
vide a hydroturbine pump structure in which 
abrupt, granges of operating conditions of the 
kinds referred to above are avoided. It is equally 
within the scope of the invention to improve the 
coaction of the outer blade edges with the body 
or the coaction of the inner blade edges with the 
cone, or both. 
To this end it, is a feature that a relative skew 

iyag is provided between the lobe boundary edges 
and the outer rotof blade edges and/or between 
the port lateral boundary edges and the inner 
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rotor blade edges, so that the relatively skewed 
edges Will be caused to croSS One another pro 
gressively. In this way the change of operating 
conditions caused by the crossing of relatively 
skewed edges is caused to occur gradually, being 
extended in each instance through several de 
grees of rotation. This may be accomplished in 
War IOUS WayS. 
The relative skewing of the outer blade edges 

and the lobe boundary edges may be brought 
about by maintaining the usual axial disposition 
of the lobe edges while skewing the outer blade 
edges, or by maintaining the usual axial disposi 
tion of the outer blade edges while skewing the 
lobe edges. As a further alternative, both the 
lobe edges and the outer blade edges may be 
skewed away from the usual axial disposition. 
Any arrangement which causes the lobe edges and 
the outer blade edges to be disposed in attitudes 
causing them to cross one another obliquely and, 
therefore, progressively is within the scope of the 
invention. 
The relative skewing of the inner blade edges 

and the port boundary edges may be brought 
about by maintaining the axial disposition of the 
port boundary edges while skewing the inher 
blade edges, or by maintaining the conventional 
axial disposition of the inner blade edges while 
skewing the port boundary edges. Here again, 
the inner blade edges and the port boundary 
edges may both be skewed away from the usual 
axial disposition. Any arrangement which causes 
the port, edges and the inner blade edges 
to be disposed in attitudes causing thern to 'cross 
one another obliquely and, therefore, progres 
sively, is within the scope of the invention, 
The skewing of an edge as referred to herein 

is intended to mean a turning of the edge away 
from the true axial disposition so that it has both 
axial and circumferential components. A rela 
tive skewing of edges is intended to mean that 
the edges are disposed to intersect obliquely 
whether or not one of them is axially disposed. 
A skewing of the port boundary edges can be 

brought about simply by forming the poits with 
their lateral boundary edges disposed in 'arbi 
trarily selected directions which include both 
axial and circumferential components. A simuli 
taneous skewing of the inner and outer edges of 
the rotor blades may be brought about by dis 
posing the flat blades in non-axial planes So that 
the inner and outer edges both have circumfer 
ential as well as axial components. A skewing of 
the outer blade edge only may be brought about 
by disposing the inner blade edge axially and 
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making the blade of twisted form so that the 
Outer edge will extend in the desired direction. 
The lobes may be caused to have skewed edges 

by varying the radius and/or offset of the lobe 
bores, or by varying slightly the radius of the 
land bore While forming the lobe bores of uni 
form radius and offset in accordance with usual 
practice. 

It may be here remarked that the usual practice 
is to form a cylindrical land bore which is to 
be coaxial with the rotor and then to form ec 
centric cylindrical lobe bores whose axes extend 
parallel to the axis of the land bore and are 
equally offset from it. 

In my copending application Serial No. 211,166 
for Hydroturbine Pump, filed concurrently here 
with, disclosure is made of several forms of body 
construction for varying the lobe depth in order 
to Secure matched displacement of the lobe and 
rotor lengthwise of the pumping chamber, all of 
which have the incidental effect of producing 
skewed lobe boundary edges. Structures falling 
Within the principle of the disclosure of said ap 
plication are claimed therein, but the principle 
of providing relative skewing between rotor blade 
edges and edges which they cross is broadly 
claimed herein. The disclosure of Serial No. 
211,166, in its entirety, is made a part of the 
present specification by reference. 
Other objects and advantages will hereinafter 

appear. 
In the drawing forming part of this specifica 

tion 
Figure 1 is a view in side elevation, partly 

broken a Way, of a two-chamber hydroturbine 
pump embodying the present invention; 

Figure 2 is a transverse, vertical sectional view 
taken upon the line 2-2 of Figure 1 looking in 
the direction of the arrows; 

Figure 3 is a fragmentary sectional view taken 
upon the line 3-3 of Figure 2 looking in the 
direction of the arrows; 

Figure 3a is a fragmentary view generally simi 
lar to Figure 3, but with parts broken away to 
reveal underlying structure; 

Figure 4 is a transverse, vertical sectional view 
through a second form of pump embodying the 
invention, the section being taken upon the line 
4-4 of Figure 5 looking in the direction of the 
arrows; 

Figure 5 is a fragmentary sectional view, partly 
broken away, the section being taken upon the 
line 5-5 of Figure 4 looking in the direction of 
the arrows; 

Figure 6 is a transverse, vertical sectional view 
showing a third form of pump embodying the 
invention, the section being taken upon the line 
6-6 of Figure 7 looking in the direction of the 
arrows; 

Figure 7 is a fragmentary sectional view taken 
upon the line 7- of Figure 6 looking in the di 
rection of the arrows; 

Figure 8 is a detail sectional view showing the 
inner portion of one of the rotor blades half way 
across one of the cone ports; 

Figure 9 is a transverse, vertical sectional view 
showing a fourth form of pump embodying the 
invention, the section being taken upon the line 
9-9 of Figure 10 looking in the direction of the 
arrows; 

Figure 10 is a fragmentary sectional view taken 
upon the line O-O of Figure 9 looking in the 
direction of the arrows; 

Figure 11 is a vertical transverse sectional view 
of a fifth form of pump embodying features of 
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the invention, the section being taken upon the 
line - of Figure 12 looking in the direction 
of the arrows; 

Figure 12 is a fragmentary sectional view taken 
upon the line 2-2 of Figure 11 looking in the 
direction of the arrows; and 

Figure 13 is a fragmentary sectional view taken 
upon the line 3-3 of Figure 12 looking in the 
direction of the arrows. 
In the illustrative pump of Figures 1 to 3a, the 

body or casing , supported by feet 2, forms the 
Outer boundary for two working chambars in 
which the rotor 3 runs. The body f is formed 
with an inwardly extending partition flange 4 
which meets and cooperates with a partition 5 
that forms part of the rotor 3. 
The rotor 3 has its hub 6 keyed to a drive 

shaft 7. The shaft T is mounted in bearings 8 
which are carried by brackets 9. The bracketS 9 
are secured by screws (not shown) to respective 
heads f, and the heads in turn are secured upon 
the body by bolts and nuts (not shown). 

Ported cones 4 form the inner boundaries of 
the respective pumping chambers, being formed 
with inlet and discharge passages 4 and 42 
through which gas is admitted to the pumping 
chambers and expelled therefrom. The cones 4 
extend through the heads and are formed 
with flanges 5 through which they are attached, 
by means of Screws (not shown), to the respec 
tive heads f. The heads are provided with 
inlet and discharge passages 43 and 44 which com 
municate with the corresponding passages of the 
COeS, 
The rotor 3 comprises blades 6 whose outer 

edges at every point travel in a common cylindri 
cal path. The body of casing f is of excentric 
construction. It is made to comprise narrow 
lands having inner Surfaces Which are cylin 
drical and Which barely clear the Outer edges of 
the rotor blades. The body is also made to in 
clude upper and lower lobes 8 and 9 whose inner 
surfaces are also cylindrical but whose axes ex 
tend parallel to the rotor axis 9a, being offset 
equally and oppositely from the rotor axis. A 
liquid ring is driven around by the rotor Within 
the casing, the liquid in each bucket formed be 
tween successive blades being forced outward by 
centrifugal force as it approaches the major axial 
plane 20 of the chamber and being forced in Ward 
by the contracting lobe as it approaches the minor 
axial plane 2 of the chamber. The inner 
boundary of the ring is indicated at 22. As the 
liquid moves outward it draws gas into the chain 
ber through inlet ports 23 and 24 and as it is re 
turned inward it compresses the gas and forces it 
out through exhaust ports 25 and 26. The puinp 
ing cycle is performed twice for each revolution 
of a bucket. 
As shown in Figures 2 and 3d. the lateial bound 

ary edges of the inlet and outlet ports lie in axial 
planes While the edges which divide the lobes 8 
and 9 from the lands 7 also lie in axial planes. 
The inner edges 27 of the rotor blades 6 extend 
in axial planes and therefore each inner blade 
edge CrOSSes each lateral port edge instantaneous 
ly. 

In the usual construction of the prior art the 
outer blade edges are also disposed in axial planes 
and Cross the lobe edges simultaneously. In the 
present construction, however, the blades 6 have 
a twisted form so that their Outer edges 28 are 
Caused to be skewed. The outer edges instead 
of lying in axial planes have circumferential, as 
Well as axial components. As one of these edges 
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Each lobe has a cylindrical bore whose axis ex 
tends parallel to the rotor axis 9acd. The lands 
ld are, however, bored on a slight taper so that 

their inner surfaces are slightly conical in form. 
This is done for the purpose of causing the 
boundary edges 29d and 30d to be skewed so that 
the axially disposed outer edges 28d of the rotor 
blades 6d will cross the edges 29d and 30d pro 
gressively. The forming of the land bore as a 
conical bore causes the land surfaces to be spaced 
slightly from the cylindrical path of the rotor 
blades, but the clearance is so slight that no sub 
Stantial loSS of efficiency results. 
While some of the illustrative forms disclosed 

herein take into account the desirability only of 
causing the Outer rotor blade edges to cross cas 
ing edges progressively and others take into ac 
count only the desirability of causing the inner 
rotor blade edges to cross port edges progres 
sively, it is to be understood that structures con 
bining these features are to be regarded equally 
as within the scope of the invention. 

I have described what I believe to be the best 
embodiments of my invention. I do not Wish, 
however, to be confined to the embodiments 
shown, but what I desire to cover by Letters 
Patent is set forth in the appended claims. 

I claim: 
1. A hydroturbine pump comprising, in com 

bination, a rotor having blades formed with inner 
and Outer edges, means forming a chariber in 
which the rotor turns comprising an outer Wall 
forming member having successive segments of 
different contours Which are divided from One 
another by common boundary edges which edges 
are successively crossed by the outer edges of the 
blades, and an inner wall forming member pro 
vided with inlet and Outlet ports in alternation, 
which ports have boundary edges Successively 
crossed by the inner edges of the blades, a por 
tion at least of said boundary edges and the blade 
edges which cross them being relatively skewed 
in Order to cause Such blade edges to CrOSS the 
relatively skewed boundary edges progressively. 

2. A hydroturbine pump comprising, in CO in 
bination, a rotor having blades formed With inner 
and outer edges, means forming a chamber in 
which the rotor turns comprising an outer wall 
forning member formed With lands and lobeS 
in alternation which meet along boundary edges 
successively crossed by the outer edges of the 
blades, and an inner wall forming member pro 
vided with inlet and outlet ports in alternation, 
which portS have boundary edges Successively 
crossed by the inner edges of the blades, a por 
tion at least of said boundary edges and the blade 
edges which cross them being relatively skewed, 
in order to cause Such blade edges to cross the 
relatively skewed boundary edges progressively. 

3. In a hydroturbine pump, in combination, a 
rotor having blades formed with inner and Outer 
edges, and means forming a chamber in which 
the rotor turns, comprising an outer wall formed 
With lands and lobes in alternation which meet 
along boundary edges successively crossed by the 
Outer edges of the blades, a portion at least of 
Said boundary edges being skewed relative to the 
blade edges which cross them in order to cause 
Such blade edges to cross progressively the rela 
tively skewed boundary edges. 

4. In a hydroturbine pump, in combination, a 
rotor having a defined axis of rotation and hav 
ing blades formed With inner and outer edges, 
In eans forming a chamber in which the rotor 
turns, comprising Outer walls formed with lands 
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8 
and lobes in alternation which meet along bound 
alry edges successively crossed by the outer edges 
of the blades, the Outer blade edges having both 
axial and circumferential components such that 
the outer blade edges will extend obliquely to the 
boundary edges which separate the lands from 
the lobes as they CrOSS Such edges. 

5. In a hydroturbine pump, in combination, a 
rotor having a defined axis of rotation and hav 
ing blades formed with inner and outer edges, 
means forming a chamber in which the rotor 
turns, comprising outer walls formed with lands 
and lobes in alternation which meet along paral 
lel axially extending boundary edges successively 
CrOSSed by the outer edges of the blades, the 
outer blade edges having both axial and circum 
ferential components which cause such outer 
edges to Cross progressively the boundary edges 
Which separate the lands from the lobes. 

6. In a hydroturbine pump, in combination, a 
I'otor having a defined axis of rotation and hav 
ing blades formed withinner and outer edges and 
means forming a chamber in which the rotor 
turns, comprising an outer wall formed with 
lands and lobes in alternation which meet along 
parallel, axially extending boundary edges suc 
cessively crossed by the outer edges of the blades, 
the blades being twisted and disposed to cause 
their inner edges to extend axially of the rotor 
but their outer edges to have both axial and cir 
Cunferential components so that the outer blade 
edges Will be caused to cross progressively the 
boundary edges which separate the lands from 
the lobes. 

7. In a hydroturbine pump, in combination, a 
rotor having blades formed with inner and outer 
edges, and means forming a chamber in which 
the rotor turns, comprising an inner wall formed 
With inlet and outlet ports in alternation, which 
ports have boundary edges succesively crossed by 
the inner edges of the blades, a portion at least 
of Said boundary edges being skewed relative to 
the blade edges which cross them in order to 
cause Such blade edges to cross progressively the 
relatively skewed boundary edges. 

8. In a hydroturbine pump, in combination, a 
rotor having a defined axis of rotation and hav 
ing blades formed with inner and outer edges, 
means forming a chamber in which the rotor 
turns, comprising an inner wall provided with 
inlet and outlet ports in alternation, said ports 
having boundary edges located in axially extend 
ing planes, which edges are successively crossed 
by the inner edges of the blades, the blades being 
So constructed and arranged that their inner 
edges have both axial and circumferential com 
ponents, which cause the inner blade edges to 
Cross the boundary edges of the ports progres 
sively. 

9. In a hydroturbine pump, in combination, a 
rotor having a defined axis of rotation and hav 
ing blades formed with inner and outer edges, 
the outer edges at least having both circum 
ferential and axial components, means forming 
a chamber in which the rotor turns, comprising 
a body forming an outer chamber boundary and 
formed to provide lobes and lands in alternation 
With the land edges disposed in such attitudes 
that they must be crossed obliquely by the outer 
blade edges. 

10. In a hydroturbine pump, in combination, a 
rotor having a defined axis of rotation and having 
blades formed with inner and outer edges, means 
forming a chamber in which the rotor turns, com 
prising an inner wall forming an inner chamber 
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28 crosses a lobe edge it extends obliquely to it. 
One end of the blade therefore crosses the lobe 
edge first and the crossing continues progressively 
to the opposite end of the blade. In this way, the 
change of condition brought about when a blade 
edges crosses a lobe edge is caused to occur grad 
ually and not abruptly as heretofore. As has 
been pointed out, this relieves the pump of shock, 
strain and vibration by Spreading out the change 
of condition over several degrees Or rotation. The 
novel construction also results in a reduction of 
noise and cavitation. 

In Figures 3 and 3a the boundary edges between 
the lands and lobes are illustrated at 29 and 30. 
The inclination or skewing of the Outer blade 
edges 28 is directly illustrative in full line in Fig 
lure 3a and is illustrated in broken lines for the 
blades at the far side of the rotor in the Sarine 
figure. In Figure 3 the axial disposition of the 
inner edges of the rotoi blades as illustrated in 
broken lines, as well as the axial disposition of 
the lateral boundary edges of the cone ports 23, 
26. 

In the form of the invention illustrated in 
Figures 4 and 5 provision is made both to cause 
a gradual or progressive crossing of the lobe edges 
by the outer edges of the rotor blades and to 
cause a gradual or progressive crossing of the 
lateral boundary edges of the cone ports by the 
inner edges of the rotor blades. 
The construction is generally like that of Fig 

ures 1 to 3d and accordingly corresponding refer 
ence characters have been applied to correspond 
ing parts with the subscript ''G' added in each 
instance. The casing f(t, and the cone is a are of 
the same Construction as before, while the parts 
not illustrated are identical with the showing of 
Figure 1. The rotor blades 6a are not twisted, 
however, but are skewed in their entirety so that 
both the inner edges 2a and the outer edges 23a. 
have circumferential, as well as axial components. 
As a result of this arrangernsent, the Outer biade 
edges 280 are caused to cross the lohe and land 
edges 29a and 3d progressively as in the con 
struction of Figures 1 to 3a. 
inner rotor blade edges 2a, however, causes the 
inner blade edges to cross the lateral boundary 
edges of the cone ports progressively so that the 
change of conditions produced by these crossings 
will becaused to occur gradually and not abruptly : 
as before. 

In Figure 5, the lobe and land edges 29a and 
30a, are illustrated, and the skewed outer edges 
28d, of the rotor blades are shown in fail line. 
The cone ports 23a and 2d. are shown with lat- : 
eral boundary edges disposed in axial planes, and 
the skewed inner edges. 27a of the rotor blades 
to are shown in broken lines. One of these 
blades is illustrated as intersecting a lateral 
boundary edge of the port 23d. 
The form of the invention illustrated in Fig 

ures 6 to 8 is again generally like that of Figures 
i to 3d. Corresponding reference characters 
have been applied to corresponding parts with 
the subscript 'b' added in each instance. The 
casing b is the same as casing of Figures 1 to 
3a but the rotor blades 8b are of conventional 
construction. The inner edges 2b lie in axial 
planes while the outer edges 23b also lie in axial 
planes. As here shown, no provision is made for 
causing the outer blade edges to cross the lobe 
and land edges progressively but provisio is 
made for causing the inner blade edges 2 b to 
cross the lateral edges of the ports 23b, 24b, 25b 
and 26b progressively. For this purpose, the 

The skewing of the g 
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lateral boundary edges of the ports are skewed. 
The arrangement is best illustrated in Figure 8 
in which the edges 35 and 36 of the port 25t are 
shown as skewed equally but oppositely. The 
inner edge 27b of one of the blades is shown as 
extending axially midway between the port 
boundary edges 35 and 36. It is evident of course 
that the inner blade edge 2 b will cross each of 
these edges progressively. In Figure it, several 
of the inner edges 2b are shown in dot and dash 
lines in association with the ports 25b and 24b. 
The form of pump illustrated in Figures 9 and 

10 is also generally similar to the pump of Fig 
ures 1 and 3d and accordingly corresponding ref 
erence characters have been applied to corre 
sponding parts With the Subscript 'c' added in 
each instance. The ported cone 4c is the same 
as the cone 4 and the rotor 3C is the same as 
the rotor 3. The rotor 3c comprises twisted 
blades Sc having inner edges 2 c which are dis 
posed in radial planes and skewed outer edges 28c. 
The pump of Figures 9 and 10 includes a cas 

ing fo having tapered lands lic. The pump 
casing is desirably in all respects like the pulp 
casing illustrated in Figures 15 and 16 of my 
copending application Serial No. 211,166. The 
land bore is a cylindrical bore whose axis coin 
cides With the rotor axis 9acc. The boles of the 
lobes (8c and Sc are conical in form, the bore 
axes extending parallel to the axis 9acc but 
being equally and oppositely offset from the axis 
93cc. The bore radius for each lobe increases 

progressively from the chamber end in which the 
cone fic is largest to the chamber end in which 
the cone is Smallest. The primary purpose in 
constructing a lobe in the manner described is 
to provide natched displacement of the lobe and 
rotor, and thereby to avoid the Setting up of a 
cross-current within the chamber, as pointed out 
in Serial No. 211,166. The formation of the cas 
ing C in the manner described causes the 
boundary edges 29c and 36c which divide the 
lands from the lobes to be skewed, however, as 
illustrated in Figure 10. The fact that these 
edges are skewed would of itself cause the outer 
rotor edges to cross the edges 29c and 3 to pro 
gressively, even if the outer rotor edges were dis 
posed in axial planes according to the conven 
tional arrangement. 
The pump of Figures 9 and 10, however, illus 

trates a further point. It Will be observed that 
the edges 29c and 3 Oc of Figures 9 and 10 are 
equially and oppositely skewed. if, therefore, the 
outer edges 28c of the rotor blades 6c Were dis 
posed in axial planes, each of the edges 29c and 
30c would be crossed in equal time intervals by 
an axially disposed blade edge. By skewing the 
outer blade edges to increase the angle at which 
they intersect the edge 3c and to diminish the 
angle at which they intersect the edge 29c, the 
()'ossing periods are rendered unequal. While 
eaeh of the edges 29c and 30c is crossed progres 
sively by a blade, the crossing of the edge 30c 
to initiate an intake period is inade relatively 
protracted while the crossing of an edge 29c to 
terminate a discharge period is made relatively 
brief. This is a desirable condition, 
The pump illustrated in Figures 11 to 13 is 

also generally similar to that of Figures 1 to 3a. 
and accordingly corresponding reference char 
acters have been applied to corresponding parts 
with the subscript 'di' added in each instance. 
The rotor 3d is of conventional construction, and 
the ported cone (not shown) is also of conven 
tional construction. 
The casing fall comprises lobes 8d and 9d. 
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boundary provided With inlet and Outlet, OrtS in 
alternation, said ports having boundary edges 
located in axially extending planes, which edges 
are successively crossed by the inner edges 
of the blades, and an outer wail formed to define 
alternate lobes and lands divided by Straight 
axially extending edges, the blades being SO Con 
structed and arranged that both their inner and 
outer edges have circumferential as well as axial 
components, the inner edges being disposed to 
cross the port edges progressively and the Outer 
edges being disposed to cross the land edges pro 
gressively. 

1. In a hydroturbine pump in combination, a 
rotor having a defined axis of rotation and having 
blades formed with inner and outer edges, the 
outer edges at least having both circumferential 
and axial components, the pump including means 
forning a chain be in which the rotor turns, Said 
chamber forming means comprising a body fortin 
ing an outer chamber boundary and formed to 
provide lobes and lands in alternation with the 
land edges each disposed to have both axial and 
circumferential components but to be crossed ob 
liquely by the outer blade edges. 

12. In a hydroturbine pump, in co:Ynbination, a 
rotor having a defined axis of rotation and hav 
ing blades formed with axially extending outer 
and inner edges, means forming a channber in 
which the rotor turns, comprising an outer wall 
formed with lands and obes in alternation which 
meet along boundary edges Successively Crossed 
by the outer edges of the blades, and an inner 
wall provided with inlet and outlet ports in 
alternation, which ports have boundary edges 
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Successively crossed by the inner edges of the 
blades, a portion at least of Said boundary edges 
being skewed relative to the blades So that they 
will be crossed progressively by the aSSociated 
blade edges. 

13. In a hydroturbine pump, in combination, a 
rotor having blades formed with inner and Outer 
edges, and means forming a chamber in which 
the rotor turns, said chamber having an outer 
wall formed with lands and lobes in alternation 
which meet along boundary edges that are skewed 
relative to the outer edges of the blades so that 
they will be crossed progressively by the outer 
blade edges. 

14. In a hydroturbine pump, in combination, a 
rotor having a defined axis of rotation and having 
blades formed With inner and outer edges, and 
means forming a chamber in Which the rotor 
turns, said chamber forning means having lobes 
of uniform radius and whose Surfaces are sepa 
rated by conical surfaces coaxial with the rotor, 
and whose boundary edges have circumferential 
as well as axial components, there being a rela 
tive skewing between the Outer rotor blade edges 
and said boundary edges so that the rotor blade 
edges are caused to cross the boundary edges 
progressively. 

HAROLD. E. ADAMS. 
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