- 2,401,189

F. A. QUIROZ

ROTARY PUMP CONSTRUCTION

May 28, 1948,

3 Sheets-Sheet 1

Filed May 12, 1944

PRNEY

Czn s ; NAN\ ‘

INVENTOR

BY

[ RANCIICO A. Coyreoz,
. ‘
Williaw ] fliconier

&6 > sz - wl2/
o A
z—] i
» 9% .NN4 LN N/\ \V(a_\ N\ €& o
o0/ 22/ X ) YA w XN 2l
01 77/ Lol \s 92 7 C . =4
AL 7 S NN N 0%
. ] d 1 < Il.l_ AN /VA/ /
t g I 4 \
& >z \ O =
AN 2 97,
llllll T.J.ITT_..:_LL nl./Tllll X4 Nlh..lu — h%..w. e
o 295! m‘ Ry H20/ =y 92 h,mh. oG 0
o Sl W S, St i R ] R A-- \
>IERP SHos7 :
/ WOQQ y; 101135 Qh,rv\mmh. 596 >
Y WN\N\.\I._ 2 9 X ]
7 GYE; SUSRSRR 22
) 19 /oo IR WA
#90os) 52/ g oy 1221 92 7 2, &4
6 96 _ ‘e 2" g2 Ly
0676
4 | Y ge 28 ,
—tgs €€ bE 28 ,2 €9



"' May 28, 1946. F. A. QUIROZ 2,401,189

ROTARY PUMP CONSTRUCTION

Filed May 12, 1944 3 Sheets-Sheet 2.

/30 /30
1304

£30
/305
/30d.
130

9.

INVENTOR
FRANC/SCO 4. CPrroz




May 28, 1946. - F. A QUlROZ : 2,40‘1,'189

ROTARY PUMP CONSTRUCTION

Filed May 12, 1944 3 Sheets—Sheet 3
3+ 33 . g - 38
' ‘ ' /0.
L Bpa_
2 L )75 e S Y el
) \ '
{25 \ \\\\\A\\>\(>\?\\X\\\\ AN AN \\/“]\Q\Z ,
sz N T 5 57 %5753
50 / 0,
“§ ' 56 /35; 56
; ‘e /35 /35¢€ 56
! T‘Es _—_7%'_;_ _ /38— ZANN ey A é:__f_" .
/ / c
N Sy STRPE Y
| 1)1/ ——— ety = 266"
f = b
/33 ‘
/33 46\ &L
A 7 V(Z)/
50 N WANNNNNNTARNA \\\\’7\\]@\\\\\ NN
25 26 zz= g5 136 i35 \gs ‘28 53"
% NN NN RS \\ ‘/1< N\ ANNNNNNNNRNNNNNY
' ~£3
.
N
S
4 3
A Axss §f Ro 7000, 3
WHERE| IAMETER 1S FINCHES ; ,
) . ax
N
3

\

Pr7cs Naf

P

] -1
: =78" '% 23°/>27/‘30 TRANSVERSE RADIAL L1 ANE °
[] L) ¥ ¥ ¥
D ~‘4f3§’3’22'-/' | o
DIARETER X 3.12/6 OF HELICAL LINES, ININCHES INVENTOR
' > FrANC/Sco A. RurroZ.

 Witts T




" - tion throughout long continued use.

Paté_nte‘df May 28, 1946

UNITED STATE

ROTARY PUMP CONSTRUCTION

S PATEN

2,401,189 :

2,401,189

T OFFICE

Francisco A: Quiroz, Newark, N. J. ‘
Application May 12, 1944, Serlal No. 535,283
-22 Claims. (CL 103—117)

This inventibn relates to rotary. bumps; more.

particularly to so-called screw:
of pumps, : .

An object of this invention is to provide an
improved screw type of pump construetion that

or helical - types

will be inexpensive to manufacture and assemble .

and that will be of superior action and efficiency
in practica] use. Another object is to provide a

SCrew type of pump so constructed that & wide

varlety of different materials or combinations of
materials may be employed in making up its
various parts and thereby readily accommodate
the pump to any of the widely varying charae-
teristics or requirements of different liquids to
be handled. Another object is to provide a pump
construction of the last-mentioned character in

which various of its parts are so constructed as .

uni-directional lateral thrusts imposed upon the -
rotary impeller. Another object is to provide, in

. pumps of the above-mentioned character,. s
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simple, inexpensive and dependable means for
opposing or counteracting end or side thrusts as
the case may be, and capable, where necessary,
of variability of action where the thrusts to be
obposed or eounteracted vary within a cycle of
operation of the pump. )

Another object is in general to improve upon
the construction, operation and efficiency of
pumps of the rotary screw or helical type. Other
objects will be in part obvious or in part point-
ed out hereinafter. oo

The invention accordingly consists in the fea-

" ‘tures of construction, combinations of elements,’

to be easily replaced either by parts of the same" -

aterial or by parts made of some different ma-
terlal, according to practical requirements met
with. Another object is to provide a pump con-
struction in which its individua] parts may be

inexpensively fabricated and easily’ assembled or

replaced. g :
Another object is to provide an improved screw
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or helical pump construction that will facilitate

the use of, and achieve numerous advantages
resulting from' the employment of, relatively
rigld though displaceable or movable helical or
screw elements, but in a manner to maintain
effective sealing throughout their range of rel-

ative displacement or movement in relation to -

their mounting or support and ‘thereby achieve
eficiency of performance in the pumping of
lquids or the like. Another object is to carry
out this last-mentioned object in a manner that

will facilitate manufacture and assembly and

achleve also dependability of action and opera-
Arnother
object is to provide a pump construction of the
above-mentioned character in which also mul-
tiple pumping action may be dependably achieved
and the capacity and efficiency of the pump im-
proved for each helix or screw element employed.

Another object is to provide a screw or helical

and arrangements of parts as will be exempli-
fled in the structure to be hereinafter described
and the scope of the application of which will
'be indicated in the following claims. ) .
In the accompanying drawings in which are .
shown by wdy of Mustration several of the pos-
sible embodiments of my invention, _ ’
., Figure 1 is a central vertical sectional view
through the pump casing and its internal parts,
showing in elevation and in fragmentary longi- )
tudinsl section one form of helical impeller con-
struction; '

. Figure 2 is a transverse vertical sectionaj view
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as seen along the line 2—2 of Figure 1; -

Figure 3 is a fragmentary horizontal sectional.
view, as seen along the line 3—3 of Figure 1 and
the line 8—38 of Figure 2, certain parts being
shown in elevation and other parts being broken
away or omitted; ° B

Figure 4 is a fragmentary end elevation as seen
from the right in Figures 1 and 3; :

- Figure 5 is a transverse vertical sectional view
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pump construction - that will have improved .

structural and operating characteristics. An-
other object is to provide a screw or helical pump
construction in which inherent uni-directional
end or axia] thrusts will be overcome or opposed
in a simple, practical ahd inexpensive manner.
Another object 'is to provide a pump construc-

tion, in which the rotary impeller is eccentrically.

nounted, with simple, practical and inexpensive
. means for opposing or counteracting -generally

‘50

‘certain parts broken away,

as seen along the line §—5 of Figure 1; o
PFigures 6 and 7 are elevations of, respectively,
two forms of elements that make up the helical
impeller of Figures 1 and 5; . : N
- Figure 8 is an elevation as seen from the top
in Figures 6 and7; . . : '
Figure 9 is a transverse sectiona) view as seen
along the line 8—8 of each of Figures 6 and ;-
Figure 10 is a view like that of Figure 1, with -
showing a pump cong’
struction embodying a modified form of built-up
impeller element, the latter being shown in ele-
vation and also in fragmentary section; and .
Figure 11 i3 a development showing changes in

~angularity with change in radia] distance from

55 .

the axis, of the side walls of a hellcal groove.
Similar reference characters refer to similar




- pair near the outlet end

2

ings.

Referring first to Figure 1, T provide a casing
28 generally cylindrical, preferably in the form
of a casting terminating at its left-hand end in &
relatively heavy annular flange 24 and at its
right-hand ‘end in a relatively heavy annular
fiange 22, the two flanges being coaxial but dis-
placed relative to the axis of the casing 20 so as
to be eccentric relative thereto.

The. casing 20 comprises what will hereinafter
be termed the cylinder 28, the latter being bored
out as at 24 preferably from the right-hand end
so as to leave at the left-hand end thereof an
annular shoulder 25 against-which abuts the end
of a preferably heavy-walled cylinder lining or
liner 26 which at its right-hand end terminates
substantially flush with a machined annular face
27 formed internally of the casing 28 at the end
of the cylinder 23.. The liner 26 is snugly fitted

into the cylinder 23, being passed into it through .

the opening in the annular end flange 22 of cas-
ing 20 and it is anchored in position and against
displacement or rotary movement by any suit-
able means, such as, for example, one Or more
screws 28 which preferably functions both as &
clamping means and as a key. For this latter
dual purpose, a hole 30-may be drilled parallel to
the axis of the cylinder and liner, but so as to in-
tersect the junction between the two, the hole is
threaded, whence the screw 28 is threaded inward
" to hold the liner 26 clamped against the cylinder

<
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parts throughout the several views of the draw-.

of (see Figure 2), the channel 43 terminating at
its left-hand end in Figure 1 into the inlet cham-
ber 31, preferably through a side wall thereof,
and terminating at its right-hand end in the end
flange 22 by which it is ultimately, as later de-

. scribed, to be placed in connection. with certain
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elements in the outlet or balancing .chamber 38.

Within the cylinder 23—26 is operative & ro-
tor 45 that is of a radius less than the radius of
the chamber formed by the-cylinder 23—26 and

" which in length matches the length of the cylin-

der lining 26; the rotor 45 is secured to a shaft
46 which extends through and snugly fits within-
a suitable bore 41 within the rotor 45, and rotor
and shaft are suitably keyed together as by the
key 38 so that drive of the shaft wil} effect de-

_pendable drive of the rotor 45. °
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end shoulder 25 and also 0 hold it against rotary

movement relative to the cylinder.

The casing 20, intermediate of the left-hand
flange 21 and the left-hand end of the cylinder 23
‘is shaped to provide a chamber 31 of substantial
size, hereinafter termed the inlet chamber, com-
municating with the left-hand end of the interior
-of the pump cylinder 23—26, and suitable means
are provided for making & pipe connection to this
inlet chamber 31. Thus in a wall of the latter is
cast a transversely extending hole or passage 32
terminating in an annulus 33 which is internally
threaded as at 34 to receive the threaded end of
a connecting pipe. .

Intermediate the right-hand end of the cylin-
der 23 and the end annular fiange 22 of the cas-
ing 20, the latter is shaped to provide a substan-
tial-sized space 85 communicating with the dis-
charge end of the cylinder 23--26, and chamber
35 will hereafter be called the outlet or balancing

_chamber; like the inlet chamber 34 it is provided
with & radially extending hole or passage 36 ex-
tending through its wall, surrounded -by or ter-
minating - in- a’ heavy annulus 37 ' internaily
threaded as at 38 so that pipe connection may be

_ made to the discharge or high pressure side of the

pump. 5 : .

The casing 20 may be constructed, in any suit-
able way, as by casting integrally therewith, suit-

able standards or legs, indicated at 40, and suit~

‘ably distributed, so that it may be secured to &
sultable base or frame; thus the standards 40 may
be in pairs, one pair near the inlet and-the other
of the casing 20, the

86
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standards of any one pair being preferably con- -

suitable cross web &1

nected and reinforced by a
as is better shown in Figure
contain suitable holes 42 for the reception of bolts
or thelike. . ; . :
 In making up the casing 20, as by casting it, I
_also prefer to embody into it, as by coring, a pas-
'sage or channel 48, formed in a wall of the casing
20, conveniently along the bottem portion there-

2. The standards 40 -
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- head part

‘line of tangency that

Rotor 45 is held dgainst axial movement rela-
tive to the shaft 46 by s rotor head 50 that abuts
against the left-hand end of rotor 45 and whose
hub 51 is received on the shaft 46 to which it is
pinned &s by the taper pin 52, and by a rotor
53 that abuts against the right-hand
end of the rotor 45, the part 53 being integrally
formed with a hub 54 which carries certain other
parts later described and which is secured to the
shaft as by a taper pin 55.

In the solid-walled rotor- 45 is formed &s by
milling, a helical groove or slot 56, later described
in detail, and in the helical slot 56, which is pref-
erably of substantial cross-sectional dimension,
is mounted a helical impeller generally indicated
by the reference character 57, and preferably
built up of component elements in the manner
and for the purposes and coactions- later de-
scribed; the elements comprising the impeller 57
extend throughout the entire length of the heli-

_cal groove 56, from one rotor head 50 to the other

rotor head 53 with which the impeller elements
and also the helical groove 56 coact as later de-
scribed. :

The rotor assembly comprising the shaft 46
and rotor 45-is supportéd by bearing structures.
with the axis of the assembly sufficiently dis-
placed from the axis of the interior cylindrical
surface of the cylinder liner 26 so that the latter
and the rotor 45 are tangent to each other along
a line of tangency indicated in- Figures 1 and-5
by the reference character 58. Tt is along this
the two relatively rotatably
and tangentially arranged parts forma seal that
is continuous, along the straight line of tangency,
from one end of the rotor or cylinder wall to
the other, The elements that make up the heli-
cal impeller 51, however, have their outer faces
of the same radius as the radius of the cylinder -
or lining wall which they continuously contact
during rotation of the rotor to maintain through-
out the extent of the helical impeller 571 g sealed
contact with' the cylinder wall, being constructed,
as is-later described, in relation to the side walls
of the helical slot 56 to maintain a leak-~proof
seal between a wall or walls of theslot-and them-
selves regardless of the extent of their displace-
ment radially outwardly of the slot and regard--
less of certain peculiar variations in angularities
in the side walls of the helical slot, all as is later
described in detail. .

The . above-mentioned bearing structures for
supporting, the shaft 46 to maintain the above-
described relationships of rotor and impeller to
the cylinder wall during operation comprise two
bearing and packing gland housings 60 and 6!

sembled respectively to the annular end casing
flanges 21 and 22. '
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Thus the housing 60 comprises a securing
flange 62 one face of
with the face of the casing. flange 21, a suitable
gasket 63 being interposed therebetween, flange
21 having threaded therein a suitable number of
suitably distributed studs 64 of a length to ex-
tend through correspondingly positioned holes in
the flange 62 and being threaded to receive nuts
65 whereby to achieve secure assembly of the
housing 60 to the casing 20 and leak-proof com-
pression of the gasket 63. )

. Housing 60, at its outer end, is bored out- to
receive the outer race 66 of an anti-friction bear-
ing 61 whose inner race 68 is received over g re-
duced end portion 462 of the shaft and abuts
against a shoulder 46" against which it is clamped
by a sleeve 10 and the hub T of one member

12 of a flexible coupling T12—13, the clamping
pressure being exerted by a washer 14 bearing
against an internal shoulder of the hub Ti and
pressed thereagainst by a cap screw 15 threaded
coaxially in the left-hand end of the reduced
portion 46 of the shaft. The hub T} is splined
or keyed to the shaft portion 462, as indicated at
16, to transmit driving torque to the shaft, the
driving -power being applied by any suitable

means to the colipling member 73 as by a shaft .

71 which usually is the shaft of, for example,
an electric motor, the flexible coupling avoiding
need of precision of alignment of motor bearings
and pump bearings. . :

The outer race 76 may be secured in its sup-
porting counter-bore by any suitable means
which may comprise also a ring member 18 fitted
into the counter-bore and bearing against the

which is shaped to mate '
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outer race 66 and secured in position in any suij-

able manner as by screws (not shown) and the
ring member may be suitably conformed as in-
dicated to carry internally and about the sleeve
10 a packing or ring 80 of felt or the like to pre-
vent ingress of foreign matter and to guard
against leakage of lubricant from the bearing as-
sembly; g similar felt ring 81, suitably housed in
an appropriate counter-bore in the casing 60 can
similarly close off the other end of the bearing
assembly. ) :
The inward extension. of the mounting flange
62 is shaped and machined to provide a cylin-
drical housing 83 coaxial with the mounting
flange 82 to form part of a stuffing box.or pack-
ing gland construction which may comprise suit-
" able gland packing 84 thai extends about the
shaft 48 and is compacteq against an end flange
- .of the housing 83 by a packing gland 85 adjust-

ably pressed into the housing 83 by means later -

described.
- .Coaxial with- the bearing and stuffing box
structures is an annular rib 86 formed on. the
inside face of the flange 62 to be received within
the bore 87 of the casing flange 21 to be thereby
centered with respect to the bore 87; the axis
of bore 81 is displaced in the same direction and
to the same extent from the axis of the wall sur-
face of the cylinder 23—26 as is required to
achieve tangency between the rotor 45 and the
cylinder wall surface, and hence assembly of the
bearing and stuffing box housing 60 by its mount-
ing flange 62 to the casing flange 21 achieves the

48

60

65

desireq eccentricity of support of the left-hand .

end of the shaft 486 and hence of the left-hand

70

end of the rotor 45. The mounting flange 82,

stuffing box and shaft 46. close off the bore 87 in
the casing flange 21, thus closing off the iniet

" chamber 81 at the left-hand end. thereof as seen
in Figure 1. ' :

7
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Liquid supplied to the inlet chamber 31 through'
the pipe connection 33—34 upon- rotation of the -
rotor assembly in the direction of the arrow in
Figure 1, effects. movement of- the liquid toward
the right in the space between the cylinder wall
and the eccentric rotor 45 in s manner later de-

‘scribed in detail, injecting it into the outlet

chamber 35. In the process, an end or axial °

 thrust is imposed upon the rotor and shaft as-

sembly, tending to foree the latter in axial di-
rection toward the left as viewed in Figure 1, and
there is also imposed s thrust upon the rotor 58
and its shaft 46 in a direction transverse to their
coincident axes, tending to flex the shaft and
thereby. shorten the life of the bearings and
cause excessive or detrimental friction and rub-
bing between the rotor and the casing; this radial
thrust being exerted mainly at the discharge or
right-hand end of the rotor 45 for a substantial
distance inwardly of. the rotor by a distance.on.
the order of the pitch of the helical impeller 57
and in a direction. displaced about 90°, in lead-
ing direction relative to the direction of rotation,
from the line 58 of theoretical tangency bétween
rotor and cylinder wall. These detrimental ac-
tions, dependent upon the above-mentioned leak-
proof relationship between the elements of the
helical impeller 57 angd rotor .and cylinder wall,
all, as later described in detail, I dependably over-
come by providing, in the other end casing struc-
ture 61, means for opposing or counterbalancing
both the axial thrust and the radial thrust, and
for that reason the other end casing 6{ ang the

-outlet or balancing chamber 35 and certain struc-

tural features related to the shaft and rotor at
the discharge end are different from the struc-
tural features above describeqd in connection with
the left-hand bearing housing 60. .

" The housing 61 is constructed to coact to form
bart of the outlet chamber 85 and to control or '
determine the application of the relatively high
discharge bressure of the pump to coact in oppos-
ing the above-mentioned thrusts; conveniently,
it has a relatively large and heavy annular flange
80, comparable to the flange 62 of the left-hand
housing 60, adapted to abut against the casing
flange 22, with a gasket 91 therebetween. Studs
98, suitable in number and suitably distributed,
are mounted in and project from the casing flange -
22, and with the flange 90 provided. with similarly
Dpositioned holes to take over the studs which are
threaded at their outer ends, the casing 61 may
be detachably secured to the casing flange 22 by
the application of nuts 94 to the threaded studs
93, thus also pressing the -gasket 91 to achieve
fluld-tight connection. ‘ S

The mounting flange 90 términates inwardly in
& cylindrical axially extending part 95 which is
bored out as at 98 to provide an internal cylin-

drical wall that is coaxial with the axis of the -~

bearing housing 80 at the other end of the casing
20, and for purposes of assembly ang of achieving
such coaxial relationship, the portion 95 is turned
as at 97 to provide an external cylindrical surface
that is eccentric or radially displaced from the
axXis of the bore 96 by the same amount that the
axis of the rotor is displaced from the axis of the
cylinder 23—26, the. eccentric surface 86 being
snugly received within the cylindrical hore 98 of
the casing flange 22, the bore 98 being machined
concentrically or- coaxially with the bore in. the
casing.cylinder 28 itself. = ,
The cylindrical portion 95 in effect forms an
endwise extension of the ‘outlet or balancing
chamber 3§ being closed off by an annular wall
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100 which is constructed to provide a cylindrical
housing 10§ to receive packing material {02 of a
stuffing box, being placed under pressure to effect
sealing relationship with the rotating shaft 46 by
‘means of the sleeve or gland element 103 which is
provided with suitable means for adjustably plac-
ing the packing material 102 under compression
and hence under radial expansion. :

From the end closing wall 100 of the housing .

61, the latter is extended to the right in Figure 1
to terminate in a cylindrical portion 104 that is
internally bored out to receive the outer race 105
of an anti-friction bearing 106 whose inner race
107 fits onto a reditced end portion 46°-of the shafi
46 and is clamped against the resultant shoulder
“by a washer or disk 108 held in clamping rela-
tionship by a cap screw {10 threaded into the
end of the shaft &6. .
The end cap or cover £il closes off the outer
end of the cylindrical bearing support 104, bear-
ing detachably secured in position as by studs and
nuts 112 (Figures 3 and 4), thus sealing off the
outer end. of the bearing mounting against loss
of lubricant or access thereto of foreign material.

A suitable felt or like ring 113 held in a suitable

counterbore by & retainer ring {14 seals off the
other end of the bearing mounting against loss of
lubricant or entry of foreign maitter. '

Due to the coaxial relationship between the
‘cylinder bore 96, the stuffing box construction,
and the bearing mounting, of the housing 6{, in
relation to which coaxiality the part 97 is turned
to the desired eccentricity as above mentioned, the
assembly of the housing 6}, as above described,
to the end casing flange 22 brings all of the co-
axial parts into coaxial relationship with the bear-
ing and stuffing box axis in the other end hous-
ing 60 and the rotor 45 thus becomes assembled
to the cylinder with their axes parallel but dis-
placed and with the surfaces just about tangent
along the line 58 as above described. o

Within the endwise extended outlet chamber
35 and mounted to rotate with the rotor, I pro-
vide a balancing rotor generally indicated by the
reference. character 116 and conveniently I form
it integrally with the rotor and head $3 and its
hub 58. Rotor 116 is of an external diameter on
the order of the diameter of cylinder wall: 26%;
thus it may be equal to the external diameter of

the rotor 45 where the difference in diameters of

eylinder wall 262 and rotor 45 is not too great,
and its external cylindrical face {11 is coaxial
with the axis of the shaft 86 and of the rotor 45;
this cylindrical face 117 coacts as later described
to effect the above-mentioned radial thrusts and
it is preferably constructed to be hollow, strong
" and rigid, having for example a plurality of ribs
{18 extending radially from the internal’‘face of
the rotor 146 to the hub 54 to give the right-hand
or outer portions of the rotor {6 cantilever-like
internal support. . This structural relationship

aids in making it possible to have the stuffing box .

housing 01 extend axially inwardly within the
right-hand open end of the balancing rotor {16,
*-thus permitting shortening up of the axial dis-
tance between the end bearings. supporting the
shaft 6. : ’ :
~ The hollow rotor 116 is otherwise joined to
the hub 54 by an annular wall 120 which is spaced
" a substantial distance axially from the end face
_of the rofor 45, and it presents toward the rotor
.end face an annular end face (21, and it also
‘presents internally of the cylinder 116 an annu-
lar face 122, both of which take part in off-
setting axial thrust caused by the operation of the
helical pump elements, :

10

2,401,189

_ The end face 121 is subjected to the pump dis-
charge pressure, being the pressure existent in
the outlet chamber 35, and the pressure of liquid
in the latter is thus exerted against the face 121,
tending ‘to thrust the rotating structure toward
the right in Figure 1, thus to oppose the reaction
of the helical impeller 57 and rotor 45 in exerting
a thrust toward the left, provided that the outlet
pressure ‘is not made effective upon the opposed
face 122 of the annular wall 120.

'+In part to realize this last-mentioned condition,

1 provide a seal between the external cylindrical

15

tace ({1 of the balancing rotor 116 and the inte-
rior of the cylinder portion 95 of the end casing
§1, and this seal I achieve by what I shall term

- g “sealing ring,” generally indicated in Figure 1

20
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by the reference character 125 secured to the
face 96 of the cylinder 95 and relative to which
the balancing rotor 118 rotates. Since the seal-
ing ring 125 coacts with the rotor 11§ for pur-
poses later described, its construction and mount=
ing are described later in greater detall. - i

The sealing ring 125 thus seals off the interior
of the hollow balancing rotor.fi6 and hence also
the internal annular face (22, from the high or
outlet pressure in the chamber 36, and by way of
s channel or passage 126 formed in the end casing
§{ and mating with the channel 43 extending
lengthwise of the pump casing 20 itself, the in-

‘terior of the hollow balancing rotor 116 and the

annular face {22 are connected to the inlet cham-
ber 31 of the pump so that the inlet pressure is
made effective upon. such surfaces of the balanc-
ing rotor 116 as are thus placed in communica-

. tion with the inlet chamber.

Axial thrust toward the left, caused during the
operation of the rotor and helical impeller 61,
is a function of the difference between discharge
pressure and inlet pressure, and the actual thrust
in pounds is the product of that difference in dis-
charge and inlet pressures (in pounds per square
inch) multiplied by the area (in square inches)
throughout which that difference is effective, and

‘that area, in general, will be the difference be-

tween the cross-sectional area of the bore of the
cylinder 2326 less, the cross-sectional area of
the hub 584 to the left of the annular face 121 -of
the- balancing rotor (16. This axial thrust:-is
opposed by the difference between the force ex-
erted by the discharge pressure in the balancing
chamber 35 against the external annuler end
face 124 of the balancing rotor 116 and the force

. exerted by the intake pressure; communicated to

55
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the balancing rotor 146 by the passages 43 and
126, against the effective surface areas of the
balancing rotor §16 exposed thereto, and they
comprise principally the internal annular face

| 122, - As a result, the balancing rotor 116 exerts

an axial thrust toward the right which, accord-

" ing to dimensional factors that are selected in
- relation to the difference between the discharge

pressure ‘and the inlet pressure for which the
pump is designed may in whole or in part balance
or oppese the axial thrust toward the left caused

by the operation of the pump rotor 46 and im-

peller element 1. -

The anti-friction bearings 6T and 106 are pref-
erably of the combined radial and axial thrust
type so that they can take up any resulfant axial
thrust that may exist or may be caused: quring
the operation of the apparatus, .

Considering now how, the balancing rotor 116

“compensates for radial thrust, it.is firss to be

‘noted that the action of the rotor 45 and impeller
57 is such that this radial thrust upon the rotoer



"Dposing a greater axial length of ‘surface of the’

-the sealing portion
rotor and pump cylinder, thus insures that 8.

~'in ‘2 direction opposed

is exerted mainly in the axial region of the rotor

near its right-hand or discharge end as viewed
-in"‘Figure 1, the

principal radial effect adjacent
the discharge end being throughout an axial dis-
tance at least equal to the pitch of the helical
impeller 57 and its maj

horizontal direction, hamely, at right angles to
and toward the plane of Figure 1, or in a direc-
tion toward the right in Figure 5 from the 9
o’clock point of the.
I provide, by appropriate construction, preferably
by suitably shaping the sealing ring 125, for ex-

balancing rotor 116 to the outlet pressure always
at the 3 o’clock point which is diametrically op-
of the pump cylinder 23—26 and from which 9
o’clock point the major effect of the radial thrust
is exerted radially inwardly upon the rotor. - _
The sealing ring 125 comprises, in general,. g
truncated cylinder liner. 126% whose external di-
ameter matches the internal diameter of the bore
86 of the cylindrical. portion 95 of the end casing
6/, the portion 85 being, as is better shown in

-Figure 3, and indicated by the broken line . 127,

also shaped in the form of a truncated cylinder,

the above-mentioned 9

two dimensiong being better shown in Figure 3
by the lines 1212 and 1270,

or effect, instéad of being
. directly downwardly as seen in Figure 1, is in a

cross-section. Accordingly,

2,401,189

10

 charge

- balancing out of
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- bosed to the 9 o’clock point in the cross-section
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‘having “its  minimum axia} dimension at the -
.. above-mentioned 3 o’clock-position and its maxi- .
-mum axial dimension at
.o’clock point in the vertical cross-section, these

30

The external diameter of balancing rotor 116 -

Is preferably less than the diameter of the cylin.
der wall 262 and equal to or greater than the di-

ameter of the pump rotor 45 and the liner 128 -
s of lesser thickness than the difference between -

the diameter of the bore 96 in which it is tightly
fitted and the externa] diameter of the rotor
116, excepting throughout the sealing portion

125% thereof where its thickness matches the just- -

Stated difference in diameters so as to provide
a snug and sealing surface engagement with the

- 'rotating balancing rotor 116, somewhat like a
.packing gland.

As shown in Figure 1, the axial
extent of this sealing surface engagement is pref-
erably substantial and DPeripherally-the extent is
360° and continuous but at an angle to the axis
equal to the pitch angle of the helical impeller
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57 of the pump. This relationship appears better -

Irom Figure 3 where the angle is indicated at X,

The sealing ring structure 125 is fixed within the
bore 98 in any suitable way so that it will not be

i displaced axially or in g rotary direction, as by

suitable locking pins 128 anchored in the cylindes
portion 95 ang extending Into suitable holes in

‘the member 125,

The above-described shape ‘and disposition ‘of
128>, in relation to the, pump

truncated portion 1172 of the external surface 111
of the balancing rotor 116, with the maximum

. axial dimension always at the 3 o’clock position,

is always exposed to the- pressure in the outlet

‘chamber 35, ang ‘insures: that the remaining

truncated ‘portion- (1, haying ‘its major axial
dimension always

at the 9 o’clock position, . is

- sealed from the effects of the discharge pressure
-being exposed to the
"channels 43 and | 26.
- from the 3 o’clock position is thus always exerted

bump inlet presstire by the

upon the balancing rotor 118 and that thrust is
to the radially inward

A thrust radially inwardly

the integrated product

-, axis of the rotor 485: ‘
reach has a radius equal to the radius of curva-
- ture of the wall 262

5

thrust from the 9 o’clock position exerte& upon’
the pump rotor,
The perts are proportioned and dimensioned

as above illustratively described, and the effective

- ares, of the balancing rotor that is exposed to the

high pressure in the outlet chamber 3§ is made
large enough so that the product of the pressure
multiplied by this area is substantially equal to
of the pressures (which
increase progressively from the inlet to the dis-
end of the rotor) effective upon the ex-
posed areas of the pump rotor during the opera-
tion of the pump, thus achieving substantial
radial thrusts, Preventing
tendency to deflect the shaft 48 and preventing
misalignment at the theoretical line of tangency
58; such misalignment could cause wear of the
_relatively moving parts with consequent impair-
ment -of efficiency and . pumping action. The
general proportioning of the parts of the balanc-
ing rotor 116, as shown in the drawings, is gp-
propriate in relation to a pump structure of the.
number of turns of helical impeller 67 as shown

in Figure 1; where the pitch of the turns is

changed so that the radial thrust to be overcome
is of a different order of magnitude, correspond-
ing changes in broportioning of the balancing
mechanism will, it is understood, be made,

- To achieve appropriate seal between -the heli-
cal impeller element 61, the pump cylinder
23—286, and the helical groove 56, I construct the
helical element §7 to have, and to maintain dqur-
ing its continuously changing radial position
relative to the helical groove of slot 56, a reliable
sealing relation with at least one wall of this
groove. In the form shown in Figure 1, the heli-
‘cal impeller 57 is made up of a plurality of in-
dividual elements or members 130 which have
leading and trailing faces 1305 and {30b, re-
spectively, that extend in blanes at right angles
to the axis of the helix 57 and hence also the
the outer edge face 130° of

of the cylinder 23—28 and
an inner edge face 1302 (see Figures 6 and 7) that
has a radius of curvature equal to a dimension :
that is the radius of the outer edge face 130¢ less
the depth of the helical groove 56. .

Thus each outer edge face 130¢ can make seal-
ing contact, throughout its entire area, with the
cylinder wall- 26% and all of the elements. i80,
when assembled in the helical groove 88, make

" such sealing engagement with the cylinder wall
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- . ber of turns and

70

-greater than the radial
. groove b6,

26%, while the inner ‘edge faces 1309 can make
tangential sealing contact withthe groove bottom
§6* when necessary, namely, when the rotor and .
helica] element 56 pass through the 6 o’clock posi-
tion at the theoretical line of tangency b8, the
radial dimension of the elements 130 being not
depth of the helical

The members 130 are all of identical shape
and construction and there are enough of them -
so that, when assembled with their leading and
trailing faces 130 and 130> in contact with each
other, they make up a helix of the desired num-
of an outside diameter equal to
‘the diameter of the cylinder wall 28*; the just-
mentioned contacting faces ,130%—130> wili be
-Seen to be of substantial areas so that each mem-
ber. 130 finds and receives substantial support -
from an adjacent one as against thrusts exerted

- in an axial direction .as when forcing lquid, in

75

the pump chamber C, from the left toward the
‘right .in Figure 1, anqd they receive as a whole or

v
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as an entire unit, rigid support from the side walls
56b and 56 of the helical groove 56; in this latter’
connection, it is to be noted that it is preferred to
so dimension the parts that; at the 12 o’clock
position, the members 130 or the helical impeller.
element 57 as a whole project from the groove
56 by only about one-half of their radial dimen-
sion. o

The length in-a circumferential direction of the
members (30, that is, of the outer edge face 130°
is equal to an arc of thesame number of degrees
as the outer arc of a cross-section of the helical
groove 56 taken at right angles to the axis of
the rotor 45, and with that dimension ‘as a base,
" the circumferential dimension of the inner edge

face 130¢ follows according to the shapes given -

the end faces 130¢ and #30f which are to contact
directly with the side walls 56c and 56P of the
helical groove §8; these end faces are helical, or
sezments of helixes.

Because the groove 56 has substantial -depth,
the walls 56> and 66° not only are helical but also
of varying curvature with respect to a plane ex-
tending at right angles to the axis of the rotor,
the curvature varying as the radius or diameter
changes from the minimum radius at the bottom
wall 568 of the greove to the maximum radius at
the surface of the rotor 45. Though the pitch
_ is the same throughout, the pitch angle, that is,
the angle of 5 tangent to the ¢urved groove side
wall with a plane transverse to the axis of the
helix, becomes less as the diameter increases, and
in Figure 11 I have shown the change in this
angularity for a rotor having a 4" diameter, and
a pitch of 4’ for the groove (that is, the helical
groove completes one turn of 360° in 4’" of axial
length of the rotor). Thus, the above-mentioned
angle with 'the ‘radial plane, at the maximum
radius of 2’* is 18° and the angle at the minimum
radius, that is, wheré the side wall of the groove
intersects the bottom wall, is 32°. Now, the end
edge faces 130° and 130f are given helical curva-
tures which vary progressively; with a meaximum
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outward displacement of the members 130 from -

the groove 56 of %'’ (at the 12 o’clock position),
of 27%° where these end edge faces intersect
with the inner edge face 1304 to 20%° where they
intersect with the outer edge face 130¢; this range
of values will be seen to.be the middle half range,
so to speak, of the range of change in angularity
of the side walls of the groove 5§ itself. .

The end edge faces 130° and 130! of the mem-
pers 130 and hence the side faces of the impeller

element 57, treated or considered as a whole, are.

thus helixes of the same pitch as the rotor groove
but of such - different range of change of pitch
angularity that, T have discovered, gives the heli-
cal impeller 57 not only a desirable flexibility
of self-adjustment or self-accommodation to the
groove as to achieve dependability mechanically
of operation, but also insure such contact with
particularly the trailing side wall 56b of the
groove, throughout the continuously varying dis-
placement of the elements 130 radially, as achieves
s dependable seal between the end edge faces
1307 and the trailing side wall §6b, even though
the lines or areas of generally tangential contact
therebetween continuously shift radially accord-
ing to the change in radial distance of the mem-
bers 130 from the bottom of the groove. . . :

I emphasize the contact between the trailing
end faces 130 and the trailing side wall 56> be-
cause the resistance or back pressure of the liquid
being moved toward the right along the chamber
C, coupled with a reaction tending to force the

45

50

55

60

65

70.

‘by the helical groove

.12 o’clock to 6 o’clock
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members 130 individually in a direction opposite
to the direction of rotation, presses the end faces
130f against the trailing side wall 56 of the
groove and; with continuous though variable con-
tact always maintained therebetween, reliable
sealing against leakage from the high pressure
sides of the helix 57 to the low pressure side there-
of is achieved. This sealing action. is supple-
mented by the pressure with which the members
130 are maintained flatwise against each other
at their adjacent contacting plane side faces 1302
and 130 and the substantial expanse of these
engaging side faces coacts with the end edge faces
in supporting the elements 30 against tilting.
For example, viewing the left-hand half turn of
the impeller 57 in Figure 1, the circumferential
extent of any one element 130 and hence of its
trailing side face 130" is great enough to overlie,
in projection, two, three, or more helical end edge
faces 1307 of as many succeeding or trailing ele-
ments 130.

The above-mentioned.sealing contact effected
at the trailing end faces 130f guards against leak-
age not only as above described but also against
leakage of lMquid being pumped along the con-
tinuously varying (in volume) chamber B formed
56 and the helical impeller
57 whose pumping capacity supplements that of
the sesled chambers C progressively advanced
from the left toward the right externally of the
rotor 45 .per se. Liquid enters the left-hand ter-
minus of the slot 56 through suitable passages
in the rotor head 50 as that end terminus. is
progressively opened up in turning from the-6
o’clock position to the 12 o’clock position in Pigure
5, whernce progressive closure thereof ensues from
via 9 o’clock, the entered
liquid being progressively advanced by the pro-
gressive (in helical direction) bottoming of the
clements 130 against the bottom wall 58 of the
helical groove 58, to be discharged at the right-
hand end face of the rotor 48, the rotor head 53
being provided with suitable passageway for that
purpose. :

In this connection, the end head 53, shown in.
end elevation in Figure 9, is provided with a dis-
charge opening 132 that overlies the right-hand
terminus of the helical slot 56 in the end face
of the rotor 45; the extent of the terminus of the
slot in that end face, in circumferential direc-
tion, is substantial because the slot is helical and
of substantial width in axial direction, and is
indicated at 368 in Figure 2: the opening 132 in
the end head-53 is of substantially matching pe-
ripheral or arcuate extent and the leading and
trailing end walls 132% of the opening 132 are
bevelled off at about 45° to effect smoothness of
egress of liquid ‘under pressure.

~“The discharge opening 182, however, overlies
only about the inner half of the radial extent of
the slot terminus 568, so as to leave the arcuste
portion 8§32 of the head 53 to close off the outer
half portion of the slot terminus 56¢ and thus form
& physical abutment for the endmost member (80
of the impeller §1, engaging the part 53* by way
of s front or leading face 130% thereof. - To avoid
unbalance, because of the discharge opening 182,
o diametrically opposed portion of the head b3
may be hollowed out as at 53b (Figures 2 and 1).

The head 50 at the inlet end of the rotor is
provided with an arcuate inlet opening 138 sim-
ilar to the just-mentioned discharge opening 132
in the head 53, and its leading and trailing end

" faces 188 are also preferably bevelled off, for

5

example, at about 45°, in directions to function,
with respect to the direction of rotation, as scoops
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to aid in injecting liquid from the inlet cham-
ber 81 into the inlet terminus of the helical groove
-88. Head 50 may be hollowed .out as at 500,
diametrically opposed to the inlet opening 1333,
for balance. In Figure 1 is shown in cross-section
the portion 502, corresponding to the portion §3=
of Figure 2, that overlies about the outer half
of the inlet terminus of the groove 56 and against
which the endmost member 130 abuts and is sup-
ported, flatwise, by its trailing side face 130b. ‘

Mzintenance of the elements 130 in -position to
make continuous sealing contact with the cylinder
wall 26 is aided not only by their structural in-
terrelationships to the helical groove 56 but also
by the centrifugal forces acting upon them as
they are rotated. I prefer, however, also to sup-
‘plement these actions and thus, referring to Fig-
ures 1, 6, 7 and 9, I preferably bevel off the inner
edge faces (309, as at 1302, throughout their arcu-
ate extent but only along the trailing portions
thereof; this insures postiveness of entry of liquid
underneath the elements' 130 ‘when they are in
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engagement with the bottom wall 56: of the.

groove 56 to insure against tendency to create
a vacuum between them and the bottom wall 56s,
which would tend to resist outward radial move-
ment of the elements 130, and with the forceful
advancement of liquid .along the helical groove
56 as above described, such entry of liquid under
pressure operates in effect as a progressively act-
ing hydraulic lift for the elements 130 to force
them outwardly, aided by centrifugal force, and
thus insure that they always are in sealing en-
gagement with the cylinder wall 26s. This bevel-
ling off of the under or inner edge faces also
af{ds, at the entry terminus of the groove 56 ad-
Jacent the inlet chamber 31, in achieving initial

lift or outward radial movement of those mem-

‘bers 130 that become directly exposed to the inlet
terminus of the groove 56; in this latter connec-
tion, the scooping or impeller action effected by
‘the bevelling of the radial end faces 1332 of the
. entry opening 133 in the rotor head 50 coact to
. inject liquid and give it force or pressure to pro-
vide initial lifting action if the latter becomes
necessary. N

- _The construction thus far described makes pos-
sible a variety of combinations of materials capa-
ble of employment, Thus the. liner 58 and the
members {30 may be made of any suitable mate-
rial or materials capable of-appropriate coaction
in relation to the liquid being pumped. For ex-

ample, if oils or other self-lubricating liquids are’

- being pumped, these parts may be made of metal
or of any combination of metal and non-metallic
parts that are appropriate. If water or other
non-lubricating liquids are to be handled, the

‘rotor may be made of any suitable non-corrosive

- metal, such as stainless steel, the ‘members (30
may be made of a non-metallic material, such as
hard rubber, any suitable. plastic, compositions
like so-called “Micarts”

" as a lubricant, and the liner 58 may be made of
suitable plastic ‘water-lubricating compositions.
,If the members 130 are made
sity might give them a weight that might resuit
In excessive centrifugal forces, the members 130
may have oné or more holes drilled in them, as
indicated in Pigure 6 at 130", the hole or holes
being dimensionegd or Positioned so that they do

which operate with water,

of metal whose den--
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material and prove to be insufficlently heavy to
give the desired effect under the action of cen-
trifugal forces, such hole or holes §30b may be
filled with a metal like lead, as indicated at 134
In Figure 7, thus adding to the weight of each
member 130 as may be desired. o

In Figure 10, I have shown another form of
construction for the helical impeller 57 which is
also self-accommodating to the side wall or walls
of the helical slot 56 to achieve suitable assurance
against leakage between contacting faces of the
varyingly-angled side walls of the groove and the
faces of the impeller §7.. The helical impeller of .
Figure 10 is also made up. of a plursdlity of ele-
ments; these are Indicated individually by. the
reference character 136, and each -member 135 is

-preferably -a complete helix in and of itself, of

85 many turns as there are turns in the helical
groove 56, having an outside diameter matching
the diameter of the cylinder wall 265 and having
an inside diameter of such-dimension as will give
each helical member 135 g radial dimension equal
to the depth of the helical groove 586. The mem-
bers 185 are of relatively small thickness and
Nustratively may be made of any suitable metal-
lic or non-metallic material; their relatively small
thickness 'gives “them individually considerable

-flexibility, preferably spring-like or resilient,’and -

a suitable number of them are assembled to give
the helical impeller & thickness to be snugly re-
ceived within the helical groove., At suitable in-
tervals throughout the resultant composite helix,
as for example every 3’ or so, the members 135

‘may be secured together, as by cross-pins or rivets
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“to pump- liquid,

136, the securing action being appropriate to hold’
Jhe plurality of helical plate-like members 135
against relative displacement in a radial direction,
thus to maintain their outer edge faces 135¢ in
alignment to form substantially a continuous face
or surface for sealing contact with the cylinder
wall 268, The composite helix may have, or may
.be_given by construction, s tendency to expand
and such action, being substantially spring-like
or resilient, may if desired contribute toward
maintaining the just-mentioned sealing contact,
The space underneath the composite helix and
between the aligned inner edge faces (339 and
the bottom wall 6% of the helical groove, which
varies progressively during the operation of the -
bump and is progressed from the inlet end to the .
outlet end of the groove so that it is effective also
can thereby salso be utilized to
insure internal outward radial pressure against
the composite helix to achieve the above-men-

" tioned sealing contact with the cylihder wall 26e.

At the inlet and outlet ends of the helical
groove §6, partially closed off by the portions 505’
and 53» of the rotor end heads 50 and 53, re-
spectively, the .members 138 terminate in end .
edge faces which are oblique to the helix and

- fall in planes respectively coincident with the end
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not overlap when the members 130 are ‘assembled .

to form the impeller ‘87, the holé or holes being
of sufficient . size to reduce the weight of the
member. ' ] . K :

- - If the members 130 are made of 2 non-metallic

FAT
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-every 360°, I provide a radially

' faces of the rotor 45, thereby abutting at the

respective ends of the composite helix against
the arcuate head portions §0s=
holding: the built-up helix against tendency 'to
creep or thread itself along the helical groove..
Preferably, at suitable intervals, for example,
extending stud
137, preferably in the form of a headless screw
threaded into the rotor and thus projecting out- -
wardly from the bottom wall 565 of the helical
groove and, in assembly, threaded through a hole

. 138 drilled through the composite helix, thus to

form a row of parallel radially extending studs,
‘ohe for each turn of the helix, to resist such

I

and 532 to aid in
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reactions during pumping as tend to cause creep-
age of the helix along the helical groove.

The holes 138 for studs (371 are preferably
given a shape approximating an hour-glass, or
may contain a yieldable rubber bushing, and
studs 1371 terminate at their outer ends atbt or
within the cylindrical plane of the surface of the
rotor 45 so that they do not project out of the
helical groove and still Drovide -ample radial
length to maintain sliding engagement with the

composite helical impeller and permit change in-

relative angularities as the impeller partakes of
relative radial inward and outward movements
with respect to the bottom wall §62-of the helical
groove, as in passing from the 6 o’clock position
to the 12 o’clock position and from the 12 o’clock
position to the-6.0’clock position. The studs 137
thus prevent such reactions upon the helical im-
peller as tend to ‘expand it from actually expand-
ing the impeller to extents as would create ex-
cessive friction or as would cause jamming be-
tween the impeller and the cylinder wall 262.
The holes {38 in which the studs {31 engage,
being -preferably shaped as above described or
containing a yieldable bushing, provide some €x-
~ tent of play toward the right or left as viewed

in Figure 10 of the composite impeller relative to -
the groove 36; this relative play allows also for

changes in angularity of the impeller; or portions
of it, somewhat in a direction transversely of the
helical groove. This play is desirable so as not
to detrimentally interfere with the resilient fiex-
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ing of the plate-like elements 135 individually

snd as a unit for purposes of achieving self-
accommodation, due to the resultant flexibility
.of the helical impeller, of the trailing side face
1351 to the trailing side wall 86 of the helical
groove, throughout the changing angularities of
this groove side wall 56° at different radii thereof,
as above explained, so as to maintain continuity
of sealing engagement for whatever radial posi-
tion that the composite helical impeller -has rel-
ative to the groove 35. The reaction of the liguid
pressure being built up as the pump forces lguid
from the inlet chamber toward the outlet and
balancing chamber is in a direction to press the
helical impeller always against the groove side
wall 56 and the laminated structure of the im-
peller gives it such resiliency -and flexibility as
permits each turn or portion of a turn of the
helix to yield or flex, about radial axes, relative
to an adjacent turn or adjacent portion as will
effect maintenance of sealing cantact at the trail-
_ing groove side wall §6* for any radial position
of the impeller relative thereto.

This resilient flexibility, it will now be seen,
may be easily predetermined for various practi-
cal conditions and for various sizes and designs
or capacities of pump construction. Thus, ac-
cording to the material employed in making up
the members 135, they may be made of different
thicknesses according to the yleldability desired
or needed to maintain the ahove-described self-
accommodating sealing action.  The members
{35 may be made up of metal or of non-metallic
material, such as relatively hard or rigid - rub-
ber, resinous compositions, so-celiled plastics, or
the like, and any.combination therewith of dif-
ferent materials for the cylinder liner 26-may
be made up according to the requirements of the
particular liquid to be handled.

In achieving adequate mainfenance of sealing
~ between the bullt-up impeller of Figure 10 and
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“each helical element or lamination 138
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the wall or walls of the helical groove 58, the .

,axia,l and radial thrusts exerted by or upon the

78
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rotor become substantially determinate and the
balancing rotor (16 and its related parts can be
constructed and proportioned -to achieve ade-
quacy of compensation or counterbalance and
thereby also achieve the advantages structurally
and functionally earlier above described. With
either of the illustrative forms of composite: or
built-up helical impellers, it is preferred that
the helical groove 56; if only a single-groove and
impeller are employed, be not less than two turns
and if two grooves and impellers are employed
each groove and impeller should be not less than
one and one-half turns, to avoid the existence of
a continuous or free passage from the inlet cham-
ber to the outlet chamber. In general, each
additional turn adds another stage to the pump.
The features of my invention are, it will now be

‘seen, readily adaptable to these and other varia-=

tions.

Whatever the number of turns or number of
helixes employed, and this is true of the impeller
structure of Figure-1-and also of the impeller
structure of Figure 10, the members 136, being in
a sense laminations in planes transverse of the
axis of the rotor, and the members 135, being
laminations in helical planes of the helical im-
peller, coact with each other and with the cylin-
der wall and walls of the helical groove to give
multiple sealing actions. For example, these
members individually engage the cylinder wall
2% and in each case have enough freedom of
relative movement to be individually seafed snug-
1y against the cylinder ‘wall; each such seating
achieves sealing action and these seatings ‘and
sealing actions are multiplied, due to the lami-
nated arrangement or due to the overlapping of
the members, in a direction lengthwise of the-
axis, that being the direction in which successive
closed chambers are formed between the rotor,
turns of the helical impeller, and cylinder wall
and progress toward the right in Figures 1 and
10. Leakage out of such chambers would tend
to take place in reverse direction, namely, toward
the left:; multiple sealing takes place between
these impeller elements and the cylinder wall as
just described and in a sense the sealing may be
said to take place in & succession of individual
stages. In both forms, leakage, in the just-stated
direction, between the impeller and the rotor is
guarded against by the flexibility of the helical
impeller as a whole and the self-accommodation
of its trailing helical face (made up in Figure 1
of the individual end faces {30 and made uUp by
the trailing end face 135% in the form of Figure

'10) to the varying angularities of the wall 58P

of the groove, varying with the radial distance
from the axis. : s

1f desired from the viewpoint of manufacture,
in - the
form of Figure 10 may be made up of sections
of any desired arcuate extens, the sections of any
one complete helical lamination {35 being in
abutting end to end relation throughout the com-
plete length.of the helix, with butt joints of suc- '
cessive complete helixes 139 suitably staggered
relative to one -another; when so built up, the
rivets or pins {36, which may be positioned in
the lower half of the impeller assembly so as not -
to be exposed out of the helical groove 56 when-
in the 12 o'clock position may again be used to
hold the laminstions against material relative
radial or circumferential displacement, and these
pins may be located so as to assemble all of the
sectionalized laminations into a single unitary
helix or into sections of the helix of each com-



bosite section being of appropriate arcuate ex-
tent and adjacent ends of such helix sections
being in effect interfitted as in a mortise and
tenon joint, due to the above-described stagger-
ing of the sections of individual helixes.

In Figure 10, certain of the intermediate lami-
nations or elements 135 are indicated as sec-
* tionalized by the lines i35z which indicate end
to end ‘abutting relationships of successive sec-
tions. In whatever way the members 135 are
. .sectionalized if is preferred that the two outer-
most elements 135, being respectively the leading
-and trailing elements of the helical impelier be

continuous throughout the length of the helix,

Sectionalizing as above described also has the
added advantage, particularly with certain rela-
. tively stiff materials, of giving wider range of
flexibility, about radially extending axes, one por-
tion of the helical impeller relative to an adja-
cent portion, thus to, better achieve continuity

of sealing engagement throughout the varying

angularities of the trailing side wall §6° of the
helical groove. . :
" The gland element 103 of the stuffing’ box with~

in the right-hand end casing 61 (Figure 1) is
provided with suitable means for adjusting the"

pressure it exerts upon.the packing materia] and
for removing it to replace the packing material,
and for this purpose the side walls of the housing
61 are cut away as at 140 and. 141 to give access
to suitably mounted studs 142 and nuts 143 by
which a cross-bracket i 44, which bridges across
the right-hand end of the stuffing box element
-103; a similar arrangement, not shown, is pro-
vided for adjusting and removably holding the
packing gland at the left-hand end of the shaft
46, the housing 60 at that end being suitably cut
away as at 145 and 146 to give access thereto.
AS appears better from Figure 1, the sealing
portion 126° of the sealing ring will be seen to
coact also in lessening the burden imposeq upon
the above-mentioned stuffing box in the end cas-
ing 61, for it seals the liquid under discharge
bressure in the discharge chamber off from the
inner end of the stuffing box which thus becomes

- exposed to the low pressure .of liquid communi-

cated to that portion of the balancing chamber
by the passage 43—I126 that leads from the inlet
chamber 31, . o . ]
The communication of low or inlet pressure
lquid from the inlet chamber 3§ to the low pres-
- sure surfaces or areas of the balancing rotor {16

in the balancing chamber 35 may be effected by

other or additional means than the cored-out
bassages 43 and 126, and this I do by a preferred
construction which I am enabled to cause to coact
to achieve, when desired, certain practical ad-
vantages, .

For example, for certain sizes or:capacities of
pump construction, it may be desirable or neces-

sary that the shaft 46 be solid throughout, and -

in such case the inlet chamber 8f and the sealed-
off portion of the balaneing chamber 35 are con-
nected together in, for example, the manner above
described, such as the cored=-out passages 43 and
126; but for certain other sizes or capacities of

pump construction, particularly constructions

where it may be undesirable to disrupt the ex-
ternal cylindrical surface of the casing 20 as by
the longitudinally extending bulge formed by the
passage or channel 43, I prefer to provide the
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In the latter case, and also where it may be
desired to supplement the communication pro-
vided by the cored passages 43—i26,.I construct
the shaft 46 as is better shown in Figure 1. Thus,

I may provide the above-mentioned shoulder 46> -
.adjacent the left-hand end of the shaft and the -

shoulder 46¢ adjacent the right-hand end of the

* shaft by the respective annular faces of a heavy-
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walled tubular shaft portion 46° having therefor
an internal coaxial channel 467 extending there-
through from end to end, in which case the lesser-

‘diametered shaft portion 46s at the left-hand
end has a plug-like lesser-diametered extension .

46! fitted into and closing off the left-hand end
of the channel 467 and the lesser-diametered

“shaft part 46¢ at the right-hand end has a similar

lesser-diametered plug extension 46¢ extending

Anto and ciosing off the right-hand end of the

channel 46°, These interfitting ‘parts may be

mechanically secured against coming apart in -

any. suitable way, as by force-fitting, welding,
brazing, pinning, or the Jike.

Where the tubular shaft portion 46¢ is exposed
to the inlet chamber 31, I provide several equi-
angularly distributed holes 46® and where it is
exposed to the low pressure portion of the pal-
ancing chamber 35, I also provide several equi-
angularly displaced holes 46k, communicating
with the passageway 46 in the shaft portion 48e,
thus to complete the communication via the shaft
channel 46° between the low pressure inlet cham-
ber and the low pressure portion of the balancing
chamber. :

With' such an arrangement and for certain -
capacities or pressure ranges of pump construe-.

tion, I am also enabled to gain the advantage
of the characteristics of the tubular cross-section
of the shaft portion 46¢ in offering greater re-

. sistance to flexing per cross-sectional area of
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communication between inlet chamber 31 and the

" sealed-off portion of the balancing chamber 35
by means-of a passageway extending through _and

coaxially of the shaft 46 itsels;

1

metal employed than does a solid shaft and these
features may be made to coact In lessening the
radial-thrust-opposing burden carried by the bal-
ancing rotor. :

* It will thus be seen that there has been pro-
‘vided in this invention pump constructions in
which the several objects hereinbefore pointed -

out together with many thoroughly practical ad-
vantages are successfully achieved. The con-
struction, as a pump, is dependable, efficient, com-

pact and durable, and manufacture and assembly

of its various parts may be carried on with efi-
ciency and at reasonable cost. - For example, the
component parts of the helical impeller constriic-
tions may be.individually made up in quantity,
being substantially identical or standardized for
& given capacity or for respective practical con-
ditions of operation, and may be readily and
inexpensively assembled to the rotor in the form
of a composite helical impeller. It will also be
seen that a wide variety of practical pumping
requirements, such as diversity of liquids to be

handled, may be with facility and efficiency met -

in a thoroughly practical way.

As many possible embodiments may be macde .

of the above invention and as many changes
might be made In the embodiment above set
forth, it is to be understood that all matter here--
inbefore set forth or shown in the accompanying
drawings is to be interpreted as illustrative and
not in a limiting sense. . . .

I claim: ‘ :

1. A pump construction comprising a casing
having an inlet chamber and an .outlet chamber
Jolned by.a cylinder, with a lesser-diametered
rotor within the cylinder rotatably mounted to
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be substantially tangential to the cylinder wall
along & line of the latter, said rotor having means
comprising helical impeller means in sealed con-
nection with the rotor and making sealed contact
with said cylinder wall and means for accommo-
dating said impeiler means 2s it passes through
the line of tangency, & balancing rotor coaxial
with and connected to said first rotor and extend-
jng into said discharge chamber and having a
cylindrical surface, said discharge chamber hav-
ing sealing means in engagement with said bal-
ancing rotor to seal off from the pressure of liquid
in said discharge chamber all of said cylindrical
surface excepting a portion thereof displaced sub-
stantially 180° from the direction of radial thrust
exerted upon said first rotor.
~ - 2. A pump construction comprising a - casing.
having an inlet chamber and an outlet chamber
joined by a cylinder, !
rotor within the cylinder rotatably mounted to
be substantially tangential to the cylinder wall
along @ line of the latter, said rotor
comprising helical impeller means in sealed con-
nection with the rotor and making sealed contact
with said cylinder wall and means for accommo-
dating said impeller means as 1t passes through
the line of tangency, whereby said rotor and
impeller means are subjected to an axial thrust

10

15

with a lesser-diametered

20

having means -
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to the cylinder wall along a line of the latter,
said rotor having means comprising helical im-
peller means-in sealed connection with the rotor.’
and making sealed contact with said cylinder
wall and means for accommodating said impelizr
mesans as it passes through the line of tangency, -
said shaft carrying a balancing rotor having &
surface of revohition with means sealing off from
the pressure of liquid-in said discharge  ehamber
all of said surface of revolution excepting a por-
tion thereof displaced substantially 180° from the
direction of said radial thrust exerted upon said
first rotor. . - i .

5. A pump construction as claimed in claim i,
in which said sealing means extends peripherally
about said cylindrical surface with.a bounding
edge thereof falling in & plane that intersects the
axis of said balancing rotor at an angle whereby
the said portion of said cylindrical surface that -
is subjected to the pressure of lguid in said dis-
charge chamber is in the shape of a tr_uncated
cylinder whose effective area is displaced sub-
stantially 180° from the direction of radial thrust

- exerted upon said first rotor.

25

6. A pump construction compnsihg- a caéing
having an inlet chamber and an outlet chamber

' joined by a cylinder, with a lesser-diametered

that is a function of the difference between the - '

pressure in said outlet

[ chamber and the pressure
in said inlet chamber,

& balancing rotor coaxial

30

- with and connected to said first rotor and having -

. opposed surface areas with means sealing the
one off from the other, and means subjecting
said two surface areas respectively to the pressure
of lquid in said discharge chamber and to pres-

- sure of liquid in said inlet chamber whereby sald. .

Palancing rotor exerts an axial thrust that is a
function of the difference of sald two pressures
and in g direction opposed to said first-mentioned
- axial thrust. : :

_3. A pump consttuction comprising & casing
having & cylinder therein termingting at its re-

spective ends in an inlet chamber and an outlet.

chamber, a shaft having thereon a rotor of lesser

diameter than said cylinder and extending at its .

ends through and in sealed connection with the

" outer end walls of said casing with bearing means

rotatably supporting it to rotate upon an axis
such that said rotor is substantially tangential to
the cylinder wall along & line of the latter, said
rotor having means comprising helical impeller
mesns in sealed connection with the rotor and
making sealed contact with said eylinder wall and
means for accommodating said impeller means as
it passes through the line of tangency, whereby,
during pumping action of said impeller means,
said shaft 1s subjected
shaft having operative thereon at a point inter-
mediate of its supports in said bearing means &
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- “direction of radial thrust
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rotor within the cylinder rotatably mounted to be
substantially tangential to the cylinder wall along
a line of the latter, said rotor having means com-
prising helical impeller means in sealed connec-
tion ‘with the rotor and making sealed contact
with said eylinder wall and means for accom-
modating said impeller means as it passes through |
the line of tangency, a balancing rotor coaxial
with and connected to sald first rotor- and ex-
tending into said discharge chamber and having
oppositely directed annular faces and also a sur-
face of revolution, sealing means to seal off from
the pressure of liquid in said discharge chamber
all of said surface of revolution excepting a por-
tion thereof displaced substantially 180° from the
exerted upon said first
rotor and excepting one of said annular faces,
and means for subjecting the other .of said an-

" nular -faces to pressure. of liquid in said inlet

&0
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to a radial thrust, said-

6e

radial thrust-transmitting means operating in .

‘response to liquid under substantially the same
pressure as the pressure of lquid in said outlet
chamber and exerting a radial thrust upon the
© shaft inga direction opposed to said first-men-
_tioned radiel thrust. e

-, 4, A pump ‘construction ‘comprising - casing
_ . having a. cylinder therein terminating af its re-
-+ ‘spective.
chamber,
" diameter than-said cylinder and extending at its
ends through .and in sealed connection with the

rotatably supporting it to rotate upon an-.axis

such that sald rotor is substantially tangential 76 joined by a cylinder,

ds in an inlet. chamber and an outlet.
a ghaft having thereon s rotor of lesser’

65

chamber. .

7. A’ pump construction comprising a casing
having an inlef chamber and an outlet chamber
joined by & cylinder, with a lesser-diametered
rotor within the cylinder rotatably mounted to be
substantially tangential to the cylinder wall along
s line of the latter, said rotor having means '
comprising a helical groove in its surface having
therein s laminated helical impeller means of
outside diameter equal to the diameter - of said
cylinder with the individual 1aminations thereof
made of substantially rigid material whereby said
laminations as s Whole are substantially self-ac-
commodating to the surfaces with which they
engage for substantially sealing contacts of said
impeller means with said cylinder wall end with
a wall or walls of sald groove, whereby there are
exerted upon said rotor an -axial thrust and a
radial thrust substantially unimpzaired by mate- .
rial leakage of liquid, and means operating-upon
said rotor and responsive to the pressure differ-

- ential between the liquid in said outlet chamber

76

" . onter end walls of said casing with bearing mesans -

and the liquid in said inlet chamber for exerting
upon the rotor -axial and radial thrusts respec-
tively opposed to the afore-mentioned axlal and
radial thrusts. R :

8. A pump construction comprising 2 cesing
having an inlet chamber and an outlet chamber
with & lesser-diametered
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rotor within the cylinder rotatably mounted to

be substantially tangential to the cylinder wall

along a line of the latter, said rotor having means
comprising a helical groove in its surface having
therein a laminated helical. impeller means of
outside diameter equal to the -diameter of said
cylinder with the individual laminations thereof
made of substantially rigid material whereby said

“laminations as a whole are substantially self-ac- ‘

commondating to the surfaces with which they
engage for substantially sealing contacts of said

impeller means with said cylinder wall and with -

a wall or walls of said groove, whereby there is
exerted upon said rotor a radial thrust substan-
tially unimpaired by materia] leakage of liquid,
means responsive to pressure of liquid in said dis-
charge chamber, and means’ coacting with said
' pressure-responsive .means for transmitting force
exerted by the latter to the rotor as a radial
thrust exerted in a direction displaced substan-
tially 180° from.the direction of said. first~-men-
tioned radial thrust. L B

9. A pump construction as claimed in claim 8
in' which said individual laminations have lead-
ing and trailing side faces that extend in respec-
tive planes that are parallel to each other and
at right angles to the axis of said rotgr whereby
each lamination presents-an arcuate outer edge

face for contact with the cylinder wall with outer.

- edge faces of successive laminations progressively
Spaced angularly from one another to thereby
form multiple sealing contact ‘with the cylinder
wall, each lamination presenting leading and
trailing end edee faces for making multiple seal-
ing contact with the le ding and trailing side
wall of said groove. ’

10. A pump construction as claimed in claim 8-

in which said individual laminations have lead-
ing and trailing side faces that extend in re-
spective substantially parallel helical planes of
the same pitch as said helical groove and thereby
. bresent outer edge faces for multiple sealing con-
tact with the cylinder wall and said impeller
means as & whole is given a flexibility for self
- accommodation of its trailing side face for seal-
ing engagement with the trailing side wall of said
groove. C -
11. A pump construction comprising a casing

having an inlet chamber and an outlet chamber-

Jjoined by a cylinder, with a lesser-diametered ro-
tor within the cylinder rotatably mounted to be
substantially tangential to
2 line of the latter, said rotor having ‘a helical
groove of substantial depth whereby the side walls
of the groove vary in pitch angle according to the
" 'radial distance from the axis of the rotor, and
8 laminated helical impeller means in said heli-
cal groove, said impeller means being of outside
diameter equal to the diameter of said cylinder
wall and of radial dimension madterially greater
than the displacement between the axis of the
rotor and the axis of said cylinder, whereby the
radial displacement between the axes of said im-
Peller means and of said rotor varies during ro-
tation and engagement and said impeller means
partakes of radial movement relative to the
groove side walls of varying pitch angle, the in-
dividual laminations of said impeller means pre-
senting a plurality of surfaces for multi-stage
sealing contact and giving the helical impeller
means substantial self-accommodation to the
surfaces with which said impeller means engages
and. sealing engagement is maintained between
the impeller means and the trailing side walls of
the helical groove throughout said radial move-
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11

ment therebetween and the varying pitch angle”
of said trailing side wall. a :

12, A pump construction- comprising a casing
having an inlet chamber.and an outlet chamber
Joined by & cylinder, with g lesser-diametered ro-

-tor within the cylinder rotatably mounted to be

substantially tangential to the cylinder wall along
a line of the latter, said rotor having- g helical
groove of substantial depth whereby the side
walls of the groove vary in pitch angle according
to the radial distance from the axis of the rotor,
and a laminated helical impeller means of out-

. side diameter equal to the diameter of said cylin-
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the cylinder wall along -

65

der wall and of radial dimension materially
greater than the displacement between the gxis
of the rotor and the axis of said cylinder, ‘the
individual laminations of saiq impeller means
having leading and trailing side faces lying in
respective planes that are parallel to each other
and extend at right angles to the axis of the’
rotor and thereby presenting multiple outer edge
faces for multi-stage sealing engagement with
said cylinder wall and each lamination having
leading and trailing end edge faces for respective
multiple engagement with the leading and. trail-
ing side walls of said helical groove, the trailing
end edge faces of said laminations having their
faces conformed 'to a helical plane of the same
pitch as said groove and of varying pitch angles

.throughout a range less than but within the

limits of the range of change of pitch angles of
the trailing side wall of said helical groove.

- 13. A pump construction comprising 8 casing
having an inlet chamber and an outlet chamber
Jjoined by a cylinder, with a lesser-diametered ro-
tor within the. cylinder rotatably mounted to be

- substantially tangential to the cylinder wall along

a line of the latter, said rotor having a helical
groove of substantial' depth ‘whereby the side
walls of the groove vary in pitch angle according
to the radial distance from the axis of the rotor,
and a laminated helical impeller means of out-
side diameter equal to the diameter of said cyl-
inder wall and of radial dimension materially
greater than the displacement between the axis
of the rotor and the axis of said cylinder, the in-~
dividual laminations of said impeller means hav-
ing leading and trailing end edge faces for ré- .
spective contact with the leading and trailing side

‘walls of said helical groove, with the faces of at

least the trailing end edge faces thereof con~
formed to a helical plane of the same pitch as
said helical groove with variable pitch angles

.throughout a range less than but within the

limits of the range:of change of pitch angle of

. the trailing side wall of sald groove.
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14. A pump construction comprising a casing . -
having an inlet chamber and an outlet chamber
Jjoined by a cylinder, with a lesser-diametered ro-
tor within the cylinder rotatably mounted to be
substantially tangential to the cylinder wall along

& line of the latter, said rotor having a_helical
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groove of substantial depth whereby the side walls

.of the groove vary in pitch angle according to

the radial distance from the axis of the rotor,
helical impeller means of outside diameter equal
to the diameter of said cylinder wall and of radial
dimension greater than the difference in diame-
ters of said cylinder wall and said rotor whereby -
said impeller meang projects from the groove in
all reglons excepting in the region where the ro-

" tor and cylinder wall are substantially tangen-

7%

tial, said helical impeller means being made up of
& plurelity of individual parts made of a mate-
rial inherently substantially rigid to thereby give
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the impeller means
tion for sealing contact with at least the variable

- pitch-angled trailing side wall of said. groove
throughout the range of radial displacement of
the impeller means relative to said groove.

* 15, A pump construction comprising a casing
having an inlet chamber and an outlet chamber
joined by a cylinder, with a lesser-diametered ro-

tor within the cylinder rotatably mounted to be,

substantially tangential to the cylinder wall along
a line of the latter, said rotor having g helical
groove of substantial ‘depth whereby the side
walls of the groove vary in pitch angle accord-
ing to the radial distance from the axis of the
" rotor, and a laminated helical impeller means of
“outside diameter equal to the diameter of sald
cylinder wall and of radial dimension materially
- greater than the displacement between the axis
of the rotor and the axis of said cylinder, the
laminations comprising a plurality of helical ele-
ments made of a material inherently substan-
tially rigid whereby said helical impeller means

suﬁstanti'ai self-_a.ccommbda- )

.o
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walls of the groove vary in pitch angle according
to the radial distance from the axis of the rotor,
and s laminated heHlcal impeller means of out-
side diameter equel to the diameter of said cylin-

"der wall and. of radial dimension ‘materially

greater than the displacement between the axis
of the rotor and the axis of said cylinder, said ro="

tor having end faces exposed respectively to said

fnlet and outlet chambers and having the ends of
said -helical groove respectively terminating in
said end faces, and means closing off the ends of
said helical groove and thereby form abutments

" to hold the laminated helical impeller against
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is inherently .yieldable for -gubstantial self-de-- -

commodation of its trailing side face to sealing
‘engagement, fhroughout the varying radial-dis-
placements of the impeller means relative to the
groove, ‘with the variable pitch-angled trailing
side face of said helical groove. '

© "'16. A pump construction as claimed in claim 15
in which at least one of said helical laminations
is sectional. !

17.' A pump construction as claimed in claim 15
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.in which & plurality of said helical laminations

“are in sections with successive -sections in sub-
stantially end to end abutting relationship, the
junctions between sections of successive helical
laminations being angularly displaced. :

18. A pump construction as claimed in claim 15
provided with means holding said laminations
against relative rotary displacement therebe-
tween and means for holding said hielica} impeller
means at.a plurality of points throughout its ex-
tent against relative rotary displacement between

-it and sald rotor. -

19. A pump construction comprising a casing
having an inlet chamber and an outlet .chamber
joined by a cylinder, with & lesser-diametered ro-
tor within the cylinder rofatably mounted to he
substantially tangential to the cylinder wall along

@ line of the latter, said rotor having a helical’

groove of substantital depth whereby the side
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endwise emergence from the ends of the groove,
said means providing passageway means for the
entry therethrough and at the end of the groove
adjacent said inlet chamber -of liquid into the
variable helical space between the bottom of sald
helical groove and said helical impeller meens
and for the exit of liquid from said variable space
at the other end of the groove for discharge into
said -discharge chamber, whereby the liquid-is
forced along the bottom portions of the groove as
the displacement of the laminations relative to
the groove progresses from the inlet end to the
outlet end. -

20. A pump construction as claimed in claim 19
in which the inner edge faces of said Jaminations
that are exposed toward the bottom wall of said
groove are conformed to form with the bottom
wall of the groove & mouth-like entry for ingress
of liquid thereinunder to effect projection there-
of outwardly of the groove. ‘ :

21. A pump construction as claimed in claim 6
in. which the last-mentioned means comprises
channel means formed in a wall of said casing

and communicating at one end with. said inlet
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_chamber. .

chamber and at the other end with that portion
of said discharge chamber that is sealed off from
the discharge pressure liguid in seid discharge

22, A pump constructioﬁ as claimed in claim 6
in which said-last-mentioned means comprises a

* tube-like shaft rotatably supporting sald rotor
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and having a passageway therethrough com-
municating at one end with said inlet chamber
and at the other end with that portion of the dis-
charge chamber that is sealed off from the dis-
charge pressure liquid in said discharge chamber.
FRANCISCO A. QUIROZ



