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Harold E. Adams, Norwalk, Conn., assignor to
Nash Engineering Comvpany, South Norwalk,
Conn,, a cerporation of Connecticut

Applieation January 26, 1951, Serial No. 207,918
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1

This invention relates to pumps of the hydro-
turbine or liquid ring type as exemplified by the
well-known Nash pump. The invention is in the
nature of an improvement upon thé pump dis-
closed in Letters Patent of the United States No.
1,847,586, granted to me on March 1, 1932.

In prior pumps of the kind referred to a pair of
pumping chambers is provided within a lobed
body. A vaned rotor, mounted upen a drive
shaft, runs in the chambers, the rotor including a
central partition which meets a partition flange
of the body to form the dividing wall between the
chambers. The inner boundaties of the respec-
tive chambers are formed by ported cones having
passageways through whch gas is conducted to
and from the pumping chambers. The end
boundaries of the respective chambers are formed
by heads in which intake and discharge passages
are provided for communicating respectively with
the intake and discharge passages of the cones.

It is characteristic of these hydroturbine
pumps that a liquid ring is driven in each ¢cham-
ber by the rotor and serves as the pumping me-
dium. The body is provided with a pair of dia-
metrically opposed lobes and with intervening
lands between the lobes. The liquid is caused to
recede from and return toward the center of ro-
tation alternately, first to draw gas in through
an intake port and then to force it out through
a discharge port, there being ah intake port and
a discharge port provided in the cone for each
lobe of the associated working chamber.

As heretofore constructed each head has been
made to include a cross-over passage for placing

a common inlet in communication with separate .

intake passages of the associated cone, and with a
further ecross-over passage for placing a common
outlet in communication with separate discharge
passages of an associated cone. This has made
the heads of considerable thickness so that they
have necessarily occupied a substantial amount
of space lengthwise of the shaft. Each cone has
heen made to extend through the associated head
and has been attached to thé outer face of the
head through 4 cone flange. ‘

The cone has been made adjustable axially
with the head in prior pumps by providing more
or less shim thickness between the head and the
body. This has enabled a fine clearance béetween
the cone and the associated rotor to be obtained.
It has, however, been an awkward adjustment to
make. It has been made clumsy by the large di~
ameter shims. Because of the large shirma di-
ameter, moreover, the shims were available only
in paper and the required thickiiess had to be
built up from numerous layers.
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It is a feature of the present invention that
the tapered portion of the cone is made merely to
meet the associated head and not to pass thretigh
it. ‘The cone and head can, therefore, be ax1a11y
adjusted relative to one another without affecting
clearances. With this arrangement it becomes
possible to adjust the coneé relative to the rotor
and relative to the head by providing relatively
small diameter Sshims between the ¢one and héad.
The smaller diameter shim may be of one-piéce
construction, being cut from stock of whatever
thickness is reqmred this stock being in metal,
Synthetic materials, or paper, as desired.

The cone has been caused to occupy substan-
tially all of the space between the head and the
shaft, making the shaft inaccessible for bésring
support within the confines of the head. Braek-
ets have been attached to the heads for support-
ing shaft bearings well out from the heads. This
has necessitated the leaving of a wide span be-
tween bearings which has tended to permit de-
flection of the shaft and has interfered with the
securement of the desired fine clearance between
the rofor and the cones. It has also contributed
importantly to the weight 0f the pump.

The multiplicity of parts, particularly the pro-
vision of separate head, cone and bearing brack-
et members, has made difficult the seciirément
of the desired concentricity and fine working
tolerances of parts, because of thé dccuinulation
of tolerances between mating parts.

Although two working céhambers have been
provided, the inlet and outlet passages have been
carried through passageways in the heads to com-
mon inlet and discharge flange connections lo-
cated upon the body, so thiat the entiré puimp has
been capable of application only to & sihgle
service.

The present 1nvent1on includes among its ob-
jects the effecting of imiprovements with refer-
ence to each of the points of disadvantage noted
above.

It is a feature of the invéntion that each ¢one
is made to include sepdrate inner and outer
parts, the outer par{ being a wear part which
is formed ¢omplementary to the rotor and which
is longitudinally adjustable relative to the heéad
to secure the desired rotor clearance. The divi-
sioni of the cone into inher and outer parts obvi-
ates the need for adjusting the head relative to
the body from timé to time: The required ad-
justment of the cone is greatly simplified. A
greater range of adjustment is made available
because a greater shim thickness ¢an be tolerdted
between the cone and the head than betweén the
head and the body. The divisionl of the cone also
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simplifies the casting of the cone by reducing the
number of blind cores that have fo be set.

It is a further feature that the cone, itself, is
made to include a cross-over connection between
the outlet ports, thus obviating the necessity for
providing an outlet cross-over in the head. This
enables the head to be reduced in thickness, sim-
plified in construction and so modified in shape
that the shaft may be made accessible for bear-
ing support within the bounds of the head itself.

It is a further feature that the inner cone
portion and the bearing bracket are made inte-
gral with the head. The unitary construction
automatically secures concentricity of these parts
and aveoids cumulative tolerance errors.

It is still another feature of the invention that
the head, cone and bracket construction is so
contrived as to bring the hearings within the
bounds of the head itself, thus greatly reducing
the bearing span of the shaft for a pump of given
capacity and, as a conseguence, bringing about
8 pronounced and very important reduction of
weight.

It is also a feature that separate inlet and
discharge connections are provided for the re-
spective heads so that the two working chambers
can be devoted to distinet services, this feature
being a very desirable one in some installations.

In accordance with a further feature, the pump
is arranged for automatically unloading a con-
siderable portion of the ring liquid upon stop-
ping. This is effected by placing the discharge
flange below the center line of the unit, so that
upon stopping most of the water ring is caused
automatically to drain through the discharge
connection and to 2 lower drain connection.
This automatic drainage feature greatly facili-
tates the starting of the pump, making it feasible
to employ synchronous motors having limited
starting torque characteristics.

Although the invention is illustrated as ap-
plied to a two-chamber pump, it will be evident
that some of the features may be utilized to ad-
vantage in & pump having only one working
chamber.

Other objects and advantages will hereinafter
appear.

In the drawing forming part of this specifi-
cation:

Figure 1 is a longitudinal, vertical, sectional
view through an illustrative pump which em-
bodies features of the invention, the section be-

ing taken upon the line (—Ii of Figure 2 looking.

in the direction of the arrows;

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 horizontal sectional view taken
upon the line 3—3 of Figure 2, looking in the
direction of the arrows;

Figure 4 is a transverse vertical sectional view
taken upon the line 4—4 of Figure 1, looking in
the direction of the arrows;

Figure 5 is an end view of the left hand cone
of Figure 1, as viewed from the left;

Pigure 6 is a vertical sectional view taken
upon the line §6—6 of Figure 5, looking in the
direction of the arrows;

Figure 7 is an end view of the cone of Figures
5 and 6 as viewed from the right;

Pigure 8 is a sectional view through the left
hand cone taken upon the line 2—2 of Figure 1,
looking in the direction of the arrows;

Figure 9 is an external view in side elevation
of the cone illustrated in Figures 5 to 8;
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Figure 10 is a fragmentary sectional view taken
upon the line 10—i0 of Figure 8, looking in the
direction of the arrows; and

Figure 11 is a fragmentary sectional view taken
upon the line {1—I1 of Figure 8, looking in the
direction of the arrows.

The illustrative pump is supported in its en-
tirety from feet | which are desirably made inte-
gral with heads 2. Between the heads there is
supported a body 3 having upper and lower lobes
4 and 5 and intervening lands ¢ and ¥. A rofor
8 runs in the body. The rotor comprises a hub
portion 9 which is secured upon a drive shait %
by means of a key 1ia. The rotor 8 also includes
a series of equally spaced identical blades or vanes
{{, which are connected to one another through
end shrouds 12 and 13, connecting webs 14 and
15, and a central partition 16. The partition i8
meets an inwardly extending partition flange 17
of the body 3 and cooperates with it to divide the
working space into right hand and leit hand
pumping chambers. The inner boundary of the
rotor is double conical in form, being adapted to
maintain fine clearances with ported cones 18
and 18. Each cone includes two diametrically op~
posed inlet ports 20 and two diametrically op-
posed outlet ports 21. During operation, a liquid
ring which acts as the pumping medium is main-
tained in each pumping chamber, the inner boun-
daries of one of the rings being indicated by the
broken line 22 of Figure 2. Broadly the operation
of the illustrative pump is the same as that of
prior pumps of the Nash type. As the rotor
travels counter-clockwise (as viewed in Figure 2)
it drives the water with it, developing in the wa-
ter ring centrifugal force which carries the water
outward away from center of rotation as far as
the inner body wall will permit. As the water
crosses the inlet port 20 it is moving away from
the center and sucks gas in through the port into
one after another of the buckets formed between
successive rotor blades I I. After the water cross-
es the major axis of the body, this being the ver-
tical axis as illustrated, it begings to compress
the gas and then forces the gas out through the
discharge port 21.

In accordance with the present invention each
of the cones I8 and 19 comprises an outer wear
portion 23 in which the ports 20 and 2! are
formed and an inner complementary portion 24
which is integral with the associated head 2.
Right and left hand halves of the pump ave of
like construction, employing parts which are
either of identical or of mirror image construc~
tion except for minor differences having to <o
with the shaft seats and bearings. The descrip-
tion of the left hand end which follows may
therefore be assumed to apply to the right hand
end except where the contrary is indicated.

The cone member 23 is formed to include sep-
arate intake passages 25 (Figure 4) which com-
municate respectively with diametrically opposed
intake passages 26 and 27 of the head 2. An in-
take conduit 28, forming a unitary part of the
head, is provided with a flange 29 for connection
to a source of gas supply. The conduit 28 com-
municates through branch passages 39 and 2
formed in the head with the respective passages
26 and 27, the inlet cross-over being provided in
the head as shown.

The outlet ports 21 of the cone (8 communicate
directly with one another across the central re-
gion of the cone (Figure 2). They discharge
through a common outlet passage 32 (Figure 4)
to a single outlet passage 33 of the head, the dis-
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charge cross-over being provided in the cone and
not in the head, as heretofore.

The passage 33 leads directly away from the
lower side of the cone, so that upon stopping of
the pump a substantial portion of the liquid ring
is drained away into the passage 33. This greatly
reduces the starting load upon the rotor, making
it practical to drive the pump by means of a syn-
chronous motor having low torque starting char-
acteristics. Most of the water which runs out
into the passage 33 escapes through the discharge
conduit (not shown). The passage 33 is pro-
vided with a flange 3% to which a discharge con-
duit may be connected.

Attention is particularly called to the fact
that each side of the pump has its own separate
intake and discharge flanges 29 and 35 so that
the two sides of the pump can be connetced either
to a common source of supply or to separate
sources of supply and to a common discharge
conduit or to separate discharge conduits, if: de-
sired. This is an important and advantageous
feature of the invention because there are occa-
sions when it is highly desirable to use the two
sides of the pump for separate services. One such
instance occurs in paper making machinery
where the illustrative pump may be utilized to
apply different degrees of suction to different
services, say & 20’ vacuum to the suction couch
roll and an 18’/ vacuum to the suction press roll.

The end face at the large end of the cone mem-
ber {8 is made plane to bear against a plane seat
provided in the head. The inner cone member
24, which forms an integral part of the head, ex-
tends within the cone member I8 and is formed
at its inner extremity with an outwardly dis-
placed cylindrical portion 38 which accurately
fits an inner cylindrical surface 37 of the cone
member i8. Shims 38 are interposed between the
seat formed in the head 2 and the left hand end
of the cone member 18. A ring 89 bears against
a rightwardly facing shoulder 49 of the cone
member 23, being drawn against the shoulder
by bolts 41 which are threaded into the portion
36 of the cone member 24.

The making of the cone member I8 as a sepa-~
rate member has many advantages. The desired
clearance between the cone and the rotor is ob-
tained by longitudinal adjustment of the cone
relative to the head 2. Heretofore the entire
cone has been made unitary but not integral with
the head, so that it could only be adjusted by
adjusting the head relative to the body. This
has involved adjustment of the shim thickness
between the head and the body. Such adjust-
ment is awkward and cumbersome because of
the large diameter of the shims. No very great
range of adjustment could be provided, more-
over, because & large shim thickness cannot be
tolerated between the head and body where the
centrifugal force of the water is applied with
maximum effect.

The use of multiple paper shims or gaskets
under the heads sometimes caused faulty align-
ment of the head due to uneven take-up on the
resilient gaskets by the head bolts. This in
turn cocked the cone in reference to the rotor,
thus upsetting the cone clearance. It also upset
the bearing alignment and adjustment.

The new construction minimizes uneven pres-
sure oh the shims, which in this case may be
metal, and it prevents cocking of the cones out
of alignment, also it has no effect whatsoever on
the bearing alignment and adjustment.

In the present construction, moreover; & con-
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siderable shim thickness c¢an be tolerated- be-
tween the cone member 8 and the opposed head
seat. The adjustment can be effected more con-
veniently and expeditiously than with the prior
construction, due in no small measure to the
smaller diameter of the shim and to the fact that
8 one-piece shim of selected thickness may be
utilized.

A further advantage realized from the pro-
vision of the separate cone part i8 is that this
relatively minor part is subjected to nearly all
the wear and can be discarded and replaced at
relatively small expense when it is unfit for
further use.

Still another advantage which results firom the
provision of the separate cone part 18 is that the
part 18 can be adjusted rotatively with reference
to the part 24 {o change the angular positions
of the intake and outlet ports 20 and 2f relative
to the lobes. I is sometimes desirable to ad-
just these ports to abnormal positions where
special compression ratios are required.

The fact that the outlet cross-over is provided
within the cone itself and therefore within the
longitudinal bounds of the body is taken ad-
vantage of to make the shaft {0 accessible with-
in the heads 50 that the shaft bearings can be
brought much closer together than formerly, and
can be located directly over the supporting feet
{ (Pigure 1).

The shaft 10 carries sleeves 42 upon which
ah internal flange 43 of the cone member 24
bears. The sleeve is fixed to the shaft by a
screw 44. Packing rings 45 are clamped between
the flange 43 and a gland 46. The packing is
provided within the cone member 24 and largely
within the longitudinal bounds of the body.
The passages of the head 2 are so contrived that
a clear space is left around the shaft {0 within
the head. A bearing bracket 47 integral with
the head constitutes a bearing support. The
bearing brackets 47 and 5! are carried directly
over the feet | by which the structure is sup-
ported. This provides improved balance and
reduces vibration. The bearings at opposite ends
of the pumps are not duplicates. At the end
remote from the drive motor a bearing housing
comprises a cup-like cariridge member 43 and’
a cap 49, the latter having a flange secured by
screws #8a¢ to the bracket 47. The bearing 50
itself is of the conventional tapered sleeve.

The inner race 50a is secured in fixed axijal
position relative to the shaft, being mounted
upon a tapered adapter sleeve 58b and urged
against a shaft shoulder 50c by a nut §3d
threaded on the sleeve 58b. A lock washer 59e
is interposed between the nut 504 and the inner
race 50a. The outer race is clamped between the
cap 49 and the cartridge 48, being secured against
axial movement By the securement of the cap
49 to the bracket 41. '

The cap 48 is separated from the bracket 47
by shims 49b. The rotor 8§ may be adjusted to
center it between the cones {8 and (8 by adjust-
ing the shaft 10, itself, axially. Provision for ad-
justing the shaft 19, the bearing 80 and the
cartridge 48 as a unit is made by removing the
cap 49 and changing the thickness of the shims
48b between the cap and the bracket 41.

At the driven end of the shaft {§ a bearing
507, similar to the bearing 50 is mounted directly
within a bracket 5{ and between enclosing rings
or discs 52 and 53 which are secured to the
bracket. The bearing 507 is free to move axially
within the bracket 51, and relative to the discs
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52 and 53. The inner race 50g is mounted upon
a tapered adapter sleeve 507 which is clamped
to the shaft by a nut 50i and a lock washer 50k.
By backing off the nut, the sleeve 50k can be
caused to relax its grip on the shaft to permit
disassembly. Normally the bearing 88f is fixed
relative to the shaft and rotor and is free to
shift with them when the shim thickness at 48b
is adjusted. ‘

The fact that the cones, heads and brackets
have been modified so as to enable the bearings
to be brought much closer together than hereto-
fore is. considered a feature of very great impor-
tance. The new pump having a basic capacity
of 5,200 cubic feet per minute weighs approxi-
mately 18,880 pounds, as compared to the older
design with a lower capacity of 4,600 cubic feet
per minute but a higher weight of 22,060 pounds.
On a weight per cubic foot of air delivered basis,
the new pump is 3.5 pounds compared to 4.45
pounds for the old pump. This is greater than
a twenty percent improvement on the basis of net
capacity.

That the larger capacity pump should weigh
less per cubic foot of air delivered is quite re-
markable in view of the normal trend. All sizes
of Nash pumps operate at the same peripheral
speed for a given pressure range. The capacity
of each varies therefore approximately as to the
square of the rotor diameter, but the physical
volume of each pump of similar proportions varies
as the cube of the diameter. The weight of the
pump does not go up, however, in proportion to
the cube of the diameter, because the larger
pumps can use proportionately smaller sections.
The trend toward increased weight per cubic feet
of air delivered is indicated in the following table,
in which pumps 1, 2, 3 and 4 are of the prior
design and pump No. 5 is of the new design em-
bodying the present invention.

S inDi Pounds
pump | Rotor | BB o poar | Siiene | Weight/
No Dia., at 40-42 207 Vae. Tess Sole cubic
e Inches Ft./Scc. Plate Toot Air
at Delivered
27.4 350 1,325 4,492 3.38
33,490 286 1,975 7,646 3.88
41 234 3,200 | 13,:78 4,25
51.19 i87 4,600 22, 060 4.45
&3 181 3,200 18,880 3.5

The making of the head integral with the cone
part 24 and the bearing bracket 47 simplifies
the pump construction and reduces the variation
in clearanses in the pump caused by accumula-
tion of machine tolerances of mating parts. One
of the important relationships which must be
maintained in pumps of this nature is the clear-
ance between the internal cone diameter of the
rotor 8 and the outside cone diameter of the
cone (8. The coneentric relationship and clear-
ance between these parts depends upon the accu-
racy of the machining and the number of parts
to be fitted together. There is, of course, a neces-
sary tolerance on' these machining dimensions
between each two ftting parts. The overall
clearance between the cone and the rotor can
not be any closer than the accumulation of the
machining tolerances of the various mating parts.
In the case of the old design, the following ma-
chining tolerances had to be taken into considera-
tion in maintaining the concentric rela_tionship
between the rotor and its cone.

The conceniric and axial relationship between
the rotor cone taper bore and the shaft bore;
the relationship between the shaft rotor journal
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8
and the bearing journal; the fit between the ball
bearing and the bracket recess; the concentric
relationship within the bracket itself of the bear-
ing recess bore and the rabbet bore engaging the
cone part; the fit between the rabbet and the
bracket and the corresponding flange of the cone
itself; the concentric relationship between the
cone flange outside diameter and the taper of
the cone port extension. In addition, the fit be-
tween the cone and the head, the fit of the head
rabbet to the outside body flange and the con-
centric relationship between these rabbet fits and
the internal bore of the head all had an influence,

In the old design the amount of clearance be-
tween the cone and the rotor was adjusted by
the longitudinal positioning of the heads with
respect to the body by means of a series of gas-
kets between the body and the head flange.

In the case of the new design the number of
fits is materially reduced. In this design more-
over the inner portion of the cone, the head and
the bracket are all one piece and may be ma-
chined at one time. This not only reduces the
number of fits and concentric reiationships exist-
ing in the present construction but, by being in
one piece and machined in one getting, the con-
centric relationship between these parts is auto-
matically assured and maintained. In addition
to these advantages, a reduction in machining
costs is realized because of the reduction in the
number of parts and the reduction in the number
of setups for machining.

The lower lobes of the pumping chambers are
connected with one another through ports 55 and
a conduit 56. This kind of connection between
the chambers of a duplex pump is old in the art
as a means of providing a common unloader
through a common outlet 57.

In the present instance the connection may

-als0 serve as a common unloader, but it has a new

use in combination with the provision of separate
inlets and outlets for the two halves of the pump.
In prior pumps the function of the unloader is
to dump excess water, or all of the water seal
out of the pump whenever this is desirable; for
example, to reduce the power requirement when
starting the pump, or for bleeding off excess
liquid. When the two halves of the pump are
operating in different services to produce different
degrees of vacuum, it is not essential that the two
pumping chambers be interconnected in the man-
ner illustrated but the operation is improved by
such connection,

The connection between the two sides of the
pump serves as an equalizing passage for the di-
vision of the water ring seal to the best advan-
tage when one-half of the pump is operating at
a different vacuum from the other half, with both
halves discharging to a final common pressure,
such as atmospheric pressure. The interconnec-
tion provides an automatic compensation device
to distribute the liquid in the liguid ring to the

“pest advantage between the two halves.

It is a characteristic of the liquid ring vacuum
pump that it requires more make up liquid when
operating over large compression ratios than it
does when operating over small compression ra-
tios. This liquid preferably is supplied to the in-
let, or at any point ahead of the compression
stroke on the liquid ring. An increased quantity

‘of sealing liquid is desirable to make up for in-

creased slippage losses when operating at higher
compression ratios and also to supply additional
weight of liguid to perform the greater work re-
quired at the higher compression ratio,
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It will be noted that when half the pump is
operating af, say, tweniy imeh vacuum te at-
mospheric pressuye, the average ahsolute pres-
sure in its individual liqgid ring is lower than

of the compamon side When opeva,tmg gt a, lower
vacuum, say eighteen inches. As 2 result of this.
there is a transfer of liqyid from the low vaeuum
side tc the high vacyum side caused by this dif-
ference in the absolute pressurgs. This auto-
matically supplies additional sealing liguid to the
side doing the greater amount of work without
detracting objectionably from the lower vacuum
side. The interconnection between the lobes ean
he furpished as a separate compensating devicg
or it may be combined with the unlgading func-
tion which has been referred to.

There are various sealing featyres incorporaied
in the illustrative pump, but sinee they form no
part of the present invention they have nat been
described.

I have described what T belisve te he the hest
embodiments of my invention. I do not wish,
however, to be confined to the emhodiments
shown, but what I desire tq eover by Letters Pat-
ent is set forth in the appended elaims.

Iclaim:

1. A gas pump of the liquid ring type com-
prising in combination, 2 lobed hody, a rotor op-
erative therein, the hody and roftor ineluding
partition members for dividing the working space
into two pumping chambers, separate ported
eone members defining the inner boundaries of
the respective pumping chambers and con-
structed and arranged to transmit gas to and
from the respective chambers, and heads clos-
ing the outer ends of the respeetive chambsers and
having passages therein constructed and ar-
ranged to transmit gas to and from the respective
cones, each head being provided with its own
separate inlet and outlet so that the two cham-
bers can be applied to separate pumping serv-
ices if desired.

2. A strueture as set forth in elgim 1 in which
the body includes a conduit throush which ihe
outer extremities of the chambers are placed in
communication with one another to permit a
balancing transfer of liquid from the ring in one
chamber to the ring in the other.

3. A hydroturbine gas pump having a pump-
ing chamber comprising, in combination, a lobed
body defining the outer boundary of the chamber,
a rotor operative therein, a ported cone defining
the inner boundary of the chamber and a head
closing an end of the chamber and having pas-
sages therein constructed and arranged to trans-
mit gas to and from the cone, said head includ-
ing an outlet port disposed below the level of the
cone and in direct communication therewith,

4, In a hydroturbine gas pump, in combina-
tion, a lobed body, a ported cone and a head
jointly bounding a working chamber, and a rotor
operable in the chamber, the ported cone being
divided into an inner part and an outer wear
part adjacent the rotor and complementary to
the inner part, the outer part being longitudi-
naliy adjustable relative to the inner part.

5. In a hydroturbine gas pump, in combina~
tion, a lobed body, a ported cone and a head
jointly bounding a working chamber, and a rotor
operable in the chamber, the ported cone being
divided into an inner part and an outer wear
part adjacent the rotor and complementary to
the inner part, the outer part being longitudi-
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10
nally and rotatively adjustable relative to the in-
ner part,

6. In a hydroturbine gas pump, in combina-
tion, a lobed hody, a ported cone and a head
jointly hounding a working chambper, and g rotor
gperable in the c;hamber, the ported cone being
divided mto an inner part integral with the head
and an outer wear part adjacent the rotor and
complementary to the inner part, the outer part
being longitudinally and rotatively adjustable
relative to the nner part.

7. In g hydroturbine gas pump, in combina-
tion, a lobeqd body, a ported cone and a head
jointly hounding a working chamber, and a rotor
operaple in the chamber, a rotor shaft, the
ported cone being divided into an outer wear
part adjacent the retor and an inner comple-
mentary part integral with the head and relative
to which the outer part is longitudinally and ro-

) tatively adjustable, and a bracket integral with

the head for supporting the rotor shaft.

8 In a hydroturhine gas pump, in combina-
deﬁmng boundarles of a workmg chamber a
rotor operable in the chamber, the cone having
diametrically opposite chamber inlet ports
through its periphery with separate inlet pas=
sages leading therefo diametrically opposite out-
let ports and a commen outlet passage, the out-
let pores directly communicating with one an-
other and with the common outlef passage, and
to ‘the respectlve mlet passages of the cone and
a single outlet passage leading from the single
outlet passage of the cone,

9. In a hydroturbine gas pump, in combination,
a lobed body, a head, and g ported cone defining
boundaries of a working chamber, a rotor operable
in the chamber and having an end disposed ad-
jacent an end of the head, a shaft for driving
the rotor, the cone being divided info an outer
wear bortion adjacent the rotor and an inner
portign complementary thereto, the inner portion
being infegral with the head and constituting an
inward extension thereof, a seal between the head
and shaft disposed along said inward extension
of the head and largely within the longitudinal
bounds of the rotor, and a bearing bracket car-
ried by the head within the longitudinal bounds
of the head.

10. In a duplex hydroturbine gas pump, in
combination, a lobed body, a rotor operative
therein, a shaft upon which the rotor is mounted,
the body and rotor including complementary par-
tition members for dividing the working space
into two distinet pumping chambers, separate
ported cone members defining inner boundaries
for the chambers, and separate head members
having ends which define end boundaries for the
outer ends of the chambers and which lie adjacent
to opposite ends of the rotor, each cone being
divided into an outer wear portion and an inner
portion complementary thereto, the inner por-
tion being integral with the associated head and
constituting an inward extension thereof, seals
between the shaft and the respective heads dis-
posed along such inward extensions of the heads
and largely within the longitudinal bounds of
the rotor, and bearing brackets for the shaft
carried by the respective heads within the longi-
tudinal bounds thereof.

11. In a hydroturbine gas pump having a work-
ing chamber, in combination, a rotor and a rotor
shaft, a lobed body forming an outer boundary
of the working chamber, a ported cone defining
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an inner boundary of the working chamber with-

in the body, a head defining an end boundary of
said chamber and having inlet and outlet pas-
sages formed in it which lead to and from the
ported cone, and a bearing bracket for the rotor
shaft, the cone having a separate outer wear
part and an inner part complementary thereto,
the bracket and the inner cone port having cir-
cular portions and the head having the bracket
and said inner cone part formed integral with
it to eliminate tolerances and to assure the con-
centricity of the circular portions of these parts.

12. In a hydroturbine gas pump having a work-
ing chamber, in combination, a rotor and a rotor
shaft, a lobed body forming an outer boundary
of the working chamber, a ported cone defining
an inner boundary of the working chamber with-
in the body, a head defining an end boundary of
said chamber and having inlet and outlet pas-
sages formed in it which lead to and from the
cone, the ported cone comprising a separate outer
wear portion engageable with the rotor and an
inner portion integral with the head and con-
stituting an inward extension of the head, said
wear portion being longitudinally slidable rela-
tive to the head, the head being formed with an
annular seat toward which the wear portion of
the cone is thrust, and clamping means carried
by the inner cone portion for urging the wear
portion toward said seat, the construction and
arrangement of the head and the cone portions
together with said clamping means being such
that the wear portion of the cone may be clamped
firmly to the head in different positions of longi-~
tudinal adjustment by the interposition of shims
of different selected thicknesses between the wear
portion and said seat.

13. In a hydroturbine gas pump having a work-
ing chamber, in combination, a lobed body partly
bounding the working chamber, a2 head, and a
cone, a rotor operable in said chamber, a shaft
upon which the rotor is mounted, a bearing
bracket for the shaft, the cone being divided into
distinet inner and outer portions which jointly
define passageways leading to and from the
chamber, the outer cone portion being axially
adjustable relative to the head, and the head
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having integral with it the inner cone portion
and a bearing bracket for the shaft.

14. In a hydroturbine gas pump having a work-
ing chamber, in combination, a lobed body partly
bounding the working chamber, a head, and a
cone, a rotor operable in said chamber, a shaft
upon which the rotor is mounted, a bearing
bracket for the shaft, and supporting feet for
the head in transverse alignment with the bear-
ing pbracket, the cone being divided into inner
and outer portions which jointly define passage-
ways leading to and from the chamber, the outer
cone portion being axially adjustable relative to
the head, and the head having integral with it
the inner cone portion, the bearing bracket for
the shaft, and the supporting feet in transverse
alignment with the bearing bracket.

15. In a hydroturbine gas pump, in combina-
tion, a lobed body, a head, a ported cone defining
the boundary of a working chamber, a rotor
operable in the chamber, the cone having a
diametrically opposed pair of chamber inlet ports
and a diametrically opposed pair of chamber
outlet ports, and the head and cone jointly pro-
viding an inlet system including a common inlet
and passages leading from said common inlet
to said inlei ports and an outlet system including
a common outlet and passages leading from said
outlet ports to said common outlet, one of said
systems including a single passage in the head
and branch passages in the cone which are joined
in the cone to connect one pair of ports with the
single passage in the head, and the other of said
systems including branch passages which are
joined in the head and which are connected
through separate cone passages with the respec-
tive ports of the other pair.

HAROLD E. ADAMS.
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