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1 Claim, (Cl 103—44)

This invention relates to pumps and more particujarly
to pumps for handling highly corrosive fluids.

Pumps for handling highly corrosive fluid have a very
short life due to the action of the fluid being pumped
on the material from which the pump is constructed.
Efforts have been made to protect the parts of the pump
against such corrosion by inserting liners in some of the
conduits of the pump. However, there has not hereto-
fore been available a pump in which all of the surfaces
exposed to the corrosive fiuid are provided by a chemically
inert material.

It has been suggested that a diaphragm be interposed
between the power end of the pump and the fluid end
of the pump to isolate as much of the pump as possible
from the corrosive fluid being pumped. This diaphragm
must of course flex, and it and other portions of the
pump, in particular the check valves in the pump cham-
ber, have been formed from material which was not
chemically inert, for instance steel. These parts in par-
ticular have limited the life of the pump.

. In tecent years there have become available materials
which are chemically inert, but by themselves do not
have the strength necessary to provide the pump parts.
. By this invention there is provided a pump in which
all surfaces of the pump which are exposed to the fluid
being pumped are made from a chemically inert mate-
rial. In particolar, both the inlet and outlet valves and
valve seats, as well as the barrier diaphragm, are made
from chemically inert material. Due to the lack of
strength in the diaphragm, means are provided for pre-
venting overstressing of the diaphragm. One of the means
for preventing overstressing is a stop against which the
diaphragm abuts at the end of the power stroke. This
stop prevents further flexing of the diaphragm in one
direction. It was found that the diaphragm and stop
tended to trap fluid therebetween which increased the
power necessary to operate the pump, and means have
been provided for preventing fluid from being trapped
between the diaphram and back up stop.

Another means for protecting the diaphragm is pro-
vided by this invention which limits the amount of force
which can be applied to the diaphragm by the motor end
of the pump.

- It is an object of this invention to provide a pump for
corrosive liquids in which all parts of the pump which
come in contact with the corrosive liquid are made from
chemically inert material.

Another object is to provide a pump as in the preceding
object in which the fluid and power ends of the pump are
separated by a barrier diaphragm which is made from
chemically inert material.

Another object is to provide a pump as in the precedmg
object in which the barrier diaphragm is protected against
overstressing by a stop which may abut the diaphragm
when fully flexed and in which means are provided to
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prevent fluid from being trapped between the diaphragm .

and stop on the compression stoke of the pump.

Another object is to provide a pump for corrosive fluids
in which a barrier diaphragm is positioned between the
fluid and the power ends of the pump and means are pro-
vided for preventing the power end of the pump from
exerting an excessive force on the barrier diaphragm.

Other objects, features, and advantages of this inven-
tion will be apparent from the drawings, the specifica-
tions, and claim.

- In.the drawings wherein there is shown by way of
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illustration one embodiment of this invention and wherein
like numerals indicate like parts:

FIGURE 1 is an elevational view of a pump constructed
in accordance with this invention with the power end of
the pump shown in cross-section, with the fluid end of the
pump shown in elevation in solid lines and the interior
passageways, chamber, and valves shown in dashed out-
line;

FIGURE 2 is a view along the lines 2—2 of FIGURE 1
in the direction of the arrows;

FIGURE 3 is a cross-sectional view of the fluid end of
the pump of FIGURE 1 on an enlarged scale;

FIGURE 4 is a view along the lines 4—4 of FIGURE
3; and

FIGURE 5 is a perspective view of one of the valves for
the fluid end of the pump.

The pump is provided with an operating motor, such
as the fluid motor indicated generally at 1¢. Motor 10
alternately increases and decreases the pressure on a con-
fined fluid which operates the fluid end of the pump indi-
cated generally at 11.

The body of the fluid end of the pump 11 has formed
therein a chamber 12, in which there is mounted a dia-
phragm 13, The chamber 12 is generally elliptical in
shape, but is not a true ellipse. The body is spiit on the
center line of this ellipse into two parts 14 and 15. The
diaphragm 13 extends between the two body parts and is
clamped therebetween by the studs 16, which hold the
two parts of the body together.

Fluid from pump 1€ is exerted on the diaphragm
through a passageway 17 in the body portion 14.

By reference to FIGURE 3, it will be noted that when
the diaphragm is fully flexed on the power stroke, in will
be in abutment with the semi-elliptical wall of the cham-
ber formed in body portion 15. This wall will provide a
stop which will support the diaphragm and prevent it
from being overstressed by excessive pressure developed
by the fluid pump 10.

The fluid end of the pump is provided with an inlet
indicated generally at 18 for admlttmg fluid to be pumped
to the chamber 12, This inlet is controlled by a valve,
indicated generally at 19, to admit fluid only. to the
chamber 12.

The body is also provided with an outlet, indicated
generally at 21, This outlet is controlled by a valve, indi-
cated generally at 22, for permitting flow of fluid from
the pump chamber only. It will be understood that in
the conventional manner, fluid from the pump 10 will
alternately flex the diaphragm 13, drawing the fluid to be
pumped in through the inlet 19 and then exhausting it
through outlet 21.

“To minimize the effect of corrosive fluids which the
pump is designed to handle, all surfaces in the pump
which are contacted by the corrosive fluid are preferably
lined with a chemically inert material to prolong the
life of the pump. - Preferably the lining is made from
fluorocarbon polymers such as solid polychlorotrifiuoro-
ethylene or polytetrafiuoroethylene. These materials, com-
monly called “Kel-F,” and “Teflon,” respectively, have
excellent -chemical resistance. However, they are not
strong enough to permit the body to be made entirely
from the material. Therefore, the lining is solidly badked

up with a steel body and the dlaphragm, which is also

made of this chemically inert material, is protected aga.mst
overstressing by the wall forming chamber 12 in: body
part 15 and by other means, as will appear hereinafter.

Preferably the body part 15 and the inlet and outlets

-18 and 21, respectively, are formed in sections for ease

of assembly of parts and of molding the chemlcally mert

-lining in the body

_Attention is directed to the fact that the body part: 15
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has an annular recess or groove 23 surrounding the semi-
¢lliptical portion which forms a part of chamber 12.
Also, the outlet 24 in the body portion 15 has an annular
groove 25 in its outermost extremity which extends out-
~wardly from the outlet 24. In like manner, a groove 26
is provided at the outer extremity -of ‘inlet 27. A ‘liner
29 of corrosion resistant material, preferably a fluorocar-
bon polymer is molded in place -and overlies ‘the ‘wall
section 28, which forms one-half of the elliptical chamber
12, as well as the inlet 27 and the ouilet 24, This Jiner
extends into the grooves 23, 25, and 26. As the liner‘is
solid when formed, the flanges on the liner in these
grooves lock the liner in place. They also-abut with other
liner sections of the inlet and -outlet and with fhe dia-
phragm radially outboard of the chamber to form a seal
therewith when the fluid end of the pump is assembled.

In using pumps of this type, it has been found that
fluid tends to be trapped between the diaphragm 13 and
the backup siop provided by the portion of the liner
29, which overlies the wall 28 of chamber 12. “This in-
creases the power mecessary to -operate the pump. Ac-
vording to this invention, means are provided for per-
mitting this trapped fluid 1o escape from between. the
diaphragm and liner without weakening the tiner fo-an:ap-
‘preciable extent or weakening its function as 2 stop to
support the diaphragm 13. -Such an-escape means may be
provided by a plurality of grooves 31 through 38-in the
face of the section of the lner exposed to chamber 12.
By reference to FIGURE 2, it will be noted that these
grooves radiate from the outlet 24 and provide convenient
ipassageways for fluid between the diaphragm and liner to
quickly and easily reach the ountlet 24. Note FIGURE 3,
in which the grooves at 34 and 38 are shown to provide
adequate space for escape of fluid between the dia-
phragm and the liner.

The inlet and outlet are also lined :in the same manner
as body section 15 to protect them  against corrosion
fluids.  The inlet 18 is made in two sections 39 and 49
to provide for ease of assembling the valve 19. The liner
41 is molded in section 39 and provides at 42-a cage,
which cooperates with the valve seat 43 in inlet section
40 to confine valve member 44 fherein. The seat 43 is

- formed in a liner 43 in.the inlet section 49.- -As in the
- case of the inlet and outlet in the body part 15, the inlet
section 39 is so formed that when the liner is mclded
in place, anmular flanges 46 and 47 are formed at the
ends of Tiner 41. Tn like manser, liner flanges 48 and
49 are formed on the liner section 45. These flanges sev-
erally abut with each other and with the flanges on the
‘body liner 28 when the parts of the fluid end of the pump
are assembled, to seal between the various sections of the
inlet and body. ) i

Tt is particularly pointed out that the seat 43 is formed
of the chemicaily inert materjal. Also, the vilve 44,
which cooperates with seat 43 -and functions as-a check
valve to admit fluid only through the inlet 18, is made
of chemically inert material. As best shown ‘in FIG-
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YRES 3 and 5, the valve member has a frustro-conical -

nose 51-and-a cylindrical guide section 52. The nose sec-
tion 51 cooperates with the seat 43 to control flow through
the inlet, The cylindrical section 52 -cooperates with
the ‘wall section 53 of the liner 41 to guide the valve
member in its movement, )

"Provision is ‘made for fluid to-flow past the cylindrical
section by the loose fit between the cylindrical section
and liner as shown in FIGURE 3 and by ‘the longitu-
dinally extending grooves 54 in the valve member. These
grooves. are spaced circumferentidlly about the valve
‘member and a5 many may be provided as desired.. The
tylindrical portion of the valve member is also provided
with. grooves ‘55, which extend across the valve member
and ‘communicate with the longitudinal grooves 54 to
permit flow of fluid through the longitudinal -grooves di-
rectly toward the center of the borein liner 41.

The outlet 21 is constructed similarly 1o inlet 18 x-
wept in thiscase the valve seat 56 is formed in the liner

: 4
57 of the outlet section 58, which bolts directly to the
‘body part 15 to permit the check valve to operate inan
opposite direction from the check valve in the inlet.

From the description above, it is believed apparent
that corrosive fluid may be pumped through the fluid
end of the pump and will contact only chemically inert
material. Therefore, the fiuid being pumped will not
quickly eat away the pump aand greatly shorten its life.
If desired; the inlet -and outlet conduits, which are se-
cured to the pump, may be plastic or plastic lined, as
well as conventional metal tubing.

Referring now to the finid motor 10 for the pump,
reference is made to FIGURE 1. The pump ‘body 60
hzs a closed variable volume chamber 61, which com-

municates with ‘the chamber 12 in the fluid end of fhe

pump through the passageway 62. The volume-of cham-
ber 41 may be varied to alternately increase and decrease
the pressure ‘within the chamber in any desired manner
such as by the plunger-63. A -slidingseal is provided be-
tween ‘the body 60 and plunger 63 by the seal assembly
indicated generally at 64, The plunger is reciprocated
by a crank arm §5 cperated by 'a prime mover (not
shown) rotating shaft 65, Tn operation, the chamber 61
is filled with liguid selected with the material of the
diaphragm and packing in'mind. The fluid may be, for
instance, of a paraffin, glycol, or silicone oil base. With
a barrier diaphragm of Kel-F, the diaphragm actuating
fiuid may be, for instance, ethylene glycol.

As the plunger €3 reciprocates in chambes 61, the fuid
in the chamber will flow ‘back and forth through passage-
way 62 to flex ‘the barrier diaphragm 13 and ‘thereby
pump fluid through the pump.

As noted above, the barrier diaphragm should -be pro-
tected as much as possible against excessive stresses. In
addition to the ‘batk-up provided by liner 29, it is pre-
ferred 'to ‘provide some means for preventing the -fluid
motor ‘from exerting an: excessive pressure on -the dia-
phragm. Preferably this means should be one easily
susceptible of adjustment ‘5o that the amount of pressure
which can “be ‘exerted ‘on ‘the -Giaphragm can ‘be varied
for wvarying operating -conditions. - Also, the  means
shouild *be such that the operating fluid in ¢chaniber 61 s
not lost.

Such a protecting means may be provided by connect-
ing the ¢hamber 61 with a protective chamber into which
some porfion of the fluid in ‘the power chamber 61 can
flow to prevent an excessive build-up of pressure. By
making the ‘protective chamber with a variable volume
and providing a vesilient ‘means ‘which urges the cham-~
ber toward ‘its ‘minimum volume :as the protective cham-
ber eslarges in size, the diaphragm may be protected.

Such 'a protective ‘means is illustrated in FIGURE 1
by the assembly 67. This protective assembly includes a
cylinder 68 connected at one end to the power chamber
61 -through the passageway 69. A floating piston ‘71
provided with suitdble seal means such as the O-ring
72 divides the cylinder into a varidble volume protective
chaniber 73 and a variable volume gas.chamber74.- The
chamber- 74 is filled with :a gas such as :air, ‘which iin-
creases ‘in -pressure -as its volume s decreased by move-
ment of the piston 71 in a direction to enlarge protective
chamber 73. This pressure will progressively increase
as ‘the chamber 74 decreases and ‘therefore will dlways
be urging chamber 73 ‘toward a minimum size. = This will
insure -that the desired pressure will be maintained iin

the power chamber 61, as it will only lose its fluid when

the pressure within the chamber exceeds a zpredetermineﬂ

Preferably, ‘the resilient fores resisting enlargement of
the ‘protective .chamber 73 is adjustable ‘to-meet varying

70 operating conditions. In the protective assembly 67, this

adjustment is provided by closing :the :open end of cylin-
der-68 with a piston 75 carried -on:a long bolt 76, which
may be run into -or out of the cylinder as desired to
provide the desired size of chamber. Adjustment of the

76 “piston or <losure 75 will both affect the pressure ‘within
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chamber 74 and the size of chamber 74. Both of these
factors will influence the amount of movement of the
floating piston 71 and the pressure at which it begins to
enlarge chamber 73.

The power chamber 61 may be filled by removing the
two pistons 71 and 75, or a separate filling plug may
be provided as desired,

The foregoing disclosure and description of the inven-
tion is illustrative and explanatory thereof and.various
changes in the size, shape, and materials, as well as in
the details of the illustrated comstruction, may be made
within the scope of appended claim without departing
from the spirit of the invention.

What is claimed is:

A fluid pump for corrosive liquids comprising, a body
having an annular, elliptical in cross section chamber,
said body split into two parts on the center line of the
ellipse, a diaphragm of inert material extending across
the chamber and clamped between the split halves of the
body, one of said body halves having an inlet and outlet
opening into the chamber, a molded-in-place liner of
chemically inert material in said one body half and in
said inlet and outlet, said one-half of the body and the
inlet and outlet being provided by several sections se-
cured together, said liner being molded in each section
and having radially outwardly extending flanges at the
extremities of each section which lock the liner sections
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in place and abut the liner sections of adjacent body sec-
tions to form seals therewith, valve seats in the liner of
the inlet and outlet, check valve members of chemically
inert material cooperative with the seats to permit flow
into the chamber through the inlet only and out of the
chamber through the outlet only, and fluid means for
reciprocating the diaphragm.
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