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. 9°Claims,

Phis invention relates to liquid feeding systems
and the principal object of the invention is. the
provision. of new and improved systems. of this
type. . L

‘Another object.of the invention is the provision
of & liguid feeding system in. which continuity of
liquid feed is maintained, and, more particularly,
to. a system. comprising wmore than one pump
means and in which continuity of liquid feed is
maintained when one of the pump. means fails..

Another object of the invention is the pro-
vision of a liguid feeding system in which an aux-
iliary pump means.is caused to- take the pumping

load in response to failure of the primary pumb-

ing means. o .
Another objeet of the invention is the provision

of = liquid feeding system in which an auxiliary-

pump Ineans is in motion and in readiness. to
take over the pumping load but under normal
conditions dees: a, negligible amount of work and
hence is not subjeet to the usual wear, due to. op-
eration, nor subject to breakages of the parts of
the pump means or its driving means, or failure
of its driving means, and in general not subject to
any conditions: which are more likely to: cause
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failure of any kind when the pump means is

under full load.

Another object of the invention is the attain-
ment of the foregeing objeets with maximum sim-
plicity, maximum: certainty and 2 minimum of
parts:

Other objects will appear as the description
'of the invention proceeds.

The tovel featufes of the invéntion and how
the objects are attained will appear from this
specification and the accompanying drawing
showing oné embodiment of the ihventioh and
forming % part of this application, and all these
novel features are intended to be pointed out in
the glaims. ,

I the drawings:

Fig. 1 is a prihcipally diagrammatic view, cer-
tain of the paits being in seéction, of a system em=
bodying the invention, the parts being in the po-
sition they assume When the system is in normal
operation; and

Fig. 3 is a view sitnilar to Fig. 1 but with the
parts in the positiofi they assume when the pri-
mary pump means has failed. )

Referring first more particularly to Fig. 1, a
pritmary pump means 19 is here shown as having
its-dischaige outlet 11 connected by a conduit {2,
through & connection i3, to a dischatge conduit
15. The liquid may be fuel and the discharge
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conduit 14 may lead to any apparatus in which
the fuel is burned, but the liquid may be liquid
other than fuel and be fed to any apparatus or
place where the liquid is utilized or disposed of
in any way. ) »

An. auxiliary pump means. 15 has ibs discharge
outlet 16 connected to the inlet I T of the primary
pump means (6. As here shown this connection
comprises a conduit I8 connected, through a
connection 19, to a conduit 20 which is in turn
eonnected, through a connection 21, to a conduit
22 connected to the inlet. IT of the primary pump
means 0. Liquid may flow from a source of
liguid here shown as a. tank 23, through a, conduit
24, through a.connection 25, to a conduit 26 con-
nected to. the inlet 2T of the auxiliary pump
means 5.

The pump means 10 and 15 are preferably
driven from separate shafts, and the primary
pump means 8 has a somewhat greater capacity
than the auxiliary pump means 8. Preferaply
the pump means 18 and {5 are of the positive
displacement. type:

Bypass conduit means is provided around the

" primary pump means {0, this bypass comprising

a. conduit 28 connected to the connection 19 at
one end and to the inlet 29 of a check valve 30.
The outlet 3t of the check valve has connected
thereto one end of a conduit 32, the other end
of which is eonnected to the connection 18. The
check valve 8% is here shown as comprising a
valve seat 33 with which a ball 34 is cooperable.
The ball 34 may be biased to the seat 33 by a
spring 35. The check valve 20 is constructed and
arrangéd to prevent fow therethrough if the pres-
sure at its outlet 31 is higher than at its inlet 29,
and to permit flow therethrough when the pres-
suré at its inlet 29 is greater than at its out-
16t 31. Any form of check valve for performing
these functions is suitable.

Bypass conduit means is also provided around
the quxiliary pump means 15, this bypass com-
prising a conduit 36 connected at one end to the
conneetion 25 and at the other end to the inlet
31 of a check valve 38. ‘The outlet 39 of the
check valve 38 has connected thereto an end of
a condit 40, the other end of which is connected
to the connection 21. The check valve 38 is here
shown as comprisihg a valve seat 41 with which
a ball 42 is cooperable. The ball 42 may be biased
to the seat hy a spring 43. The check valve 38
i5 constructed and arranged to prevent flow fhere-
through if the pressure at its outlet, 39 is h
than at its inlet 37 and to permit flow there-
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through when the pressure at its inlet 87 is
greater than its outlet 39. Any form of check
valve for performing these functions is suitable.

If desired, conduit means 44 connected to the
discharge conduit at one end and leading to the
tank 23 at the other, may be provided, a spring
loaded valve 45 being interposed. The valve 45 is
here shown as comprising a ball 46 pressed to a
seat 4T by a spring 48. The spring 48 may bhe
adjusted so that the ball 48 will not leave the
seat 47 unless the pressure in the discharge con-
duit means (4 rises to a predetermined value in
excess of a desired pressure in the conduit
means. When the valve 45 opens, excess liquid
flows back into the tank 23.

The operation of the system is as follows. Re-
ferring first to Fig. 1, in which the arrows indi-
cate the flow of liquid and the direction of flow,
and assuming that the primary pump means (9
has the capacity of delivering 100 units of liquid
flow to the discharge conduit means 4 at the
desired line pressure, and that the auxiliary pump
means !5 has the capaeity of delivering 90 units
of ligquid flow, it will be evident that, since the
pump means {0 and 5 are connected in series by
means of the conduits §8, 28 and 22, the auxiliary
pump means {8 will deliver the liquid discharged
thereby to the suction or inlet side of the primary
pump means {0. The auxiliary pump means 5
draws then 90 units of liouid from the tank 23
through the conduits 24, 26, these 90 units bheing
discharged into the conduit {8, thence infto the
conduit 28. The primary pump means {8 draws
an additional 10 units of liguid from the conduit
24, into the conduit 28, thence through the check
valve 38, through the conduit 40 into the conduit
22. The check valve 38 opens by reason of the
negative pressure produced by the primary pump
means {0 in the conduit 22. Thus there are 100

units of liguid flow in the conduit 22 and these -

100 units are delivered to the discharge conduit
14. The check valve 39 is closed by reason of the
higher liguid pressure in the conduit 32 than in
the conduit 28, and hence flow is prevented in the
bypass aronnd the primary pump means §0. It
will be evident that under the hereinbefore de-
scribed conditions, illustrated by Fig. 1, the aux-
iliary pump means does a negligible amount of
work.

Referring now to Fig. 2, this indicates the pri-
mary pump means {8 as ovt of overation. the
auxiliary pump means I5 continuing in operation.
The liquid flow is then as indicated by the arrows.
The auxiliary pump means {5 now draws 90 units
of liquid through the condnits 24, 2§, discharging
it through the conduit {8, through the now open
check valve 38, into the conduit 32 and thence
into the discharge conduit {4 at full line pressure.
The check valve 38 orens and the check valve 38
closes because the primary pump means {8 is pro-
ducing no difference in pressure as between the
conduits 12, 22. The check valve 30 freely opens
due to the pressure produced by the auxiliary
pump means 15, and of course the check valve 38
prevents any flow from the auxiliary pump means
15 to the conduit 36.

The assumption that the ratio of capacities of
the Jarger pump means to the smaller pump
means i1s as one hundred to ninety was made
merely for convenience in describing the opera-
tion, it being understood that this ratio may be
made any other suitable value, either small or
larger.

From the foregoing it will be apparent to those
skilled in the art that the illustrated embodiment
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of the invention provides a new and improved
liquid feeding system and accordingly accom-
plishes the objects of the invention. On the other
hand, it will also be obvious to those skilled in
the art that the illustrated embodiment of the
invention may be varicusly charged and modified,
or features thereof singly or collectively, embodied
in other combinations than those illustrated with-
out departing from the spirit of the invention, or

. sacrificing all of the advantages thersof, and

that, accordingly, the disclosed embodiment is
illustrative only, and the invention is not limited
thereto.

It is claimed and desired to secure by Letters
Patent:

1. A liquid feeding system, comprising: dis-
charge conduit means; at least two pump means;
conduit means for connecting said pump means
in seéries to feed liguid to said discharge conduit
means; bypass conduit meanhs around a first of
said pump means; check valve means, interposed
in said bypass conduit means, so constructed and
arrancged that it prevents flow therethrough from
the discharge side of said first pump means and
permits flow in the opposite direction; second
bypass conduit means around the second of said
pump means; and check valve means, interposed
in said second bypass conduit means, so con-
structed and arranged that it permits fiow there-
through to the inlet side of said first pump means
and prevents flow in the opposite direction.

2. A liquid feeding system, comprising: dis-
charge conduit means; at least two pump means
of different capacities for feeding liquid to said
discharge conduit means; means for so conhect-
ing said pump means that when both of said
pump means are in operation a negligible part of
the work in feeding liquid to said discharge con-
duit means is done by one of said pump means;
and means so constructed and arranged that upon
failure of the other of said pump means all of
the work done in feading liquid to said discharge
means is done by sa2id one of said pump means.

3. A liouid feeding system, comprising: dis-
charge conduit means; at least two pump means,
one of said pump means being of smaller capacity
than the other; means for so connecting said
pump means that when both said pump means
are in operation a neglicible part of the work in
feeding liouid to said discharge conduit means is
done by said pump means of smaller capacity;
and means so constructed and arranged that upon
failure of the larger of said pump means all of
the work done in fesding liouid to said discharge
condnit means is done by said pump means of
smaller capacity.

4. A liquid feeding svstem, comnricing: dis-
charge conduit means; at least two pump means;
conduit means for connecting said pump means
in series to feed licuid to said discharge ccnduit
means, a first of said pump means being of larg-
er capacity than the se~ond of said pum»n mesns,
said second nitmp means being connected to dis-
charge to the inlet of said first pump means: and
means so constructed and arranged that upon
failure of said first pumn means said second
pump means is connected to discharge directly to
said discharge cenduit means. -

5. A liquid feeding svstem, comprising: dis-
charge conduit means; at least two pump means;
conduit means for connecting said pumn means
in series to feed liquid to said discharge conduit
means, a first of s~id pump means being of larg-
er capacity than the second of said pump means,
said second pump means heing connected to dis-
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charge to the inlet of said first pump means; by-
pass conduit means - around said first pump
means; check valve means, interposed in said
bypass counduit means, so constructed and ar-
ranged that it prevents flow therethrough from
the discharge side of said first pump means and
permits flow in the opposite direction; second by~
pass conduit means around said second pump
means; and check valve means, interposed in
said second bypass conduit means, SO constructed
and arranged that it permits flow therethrough
to the inlet side of said first pump means and
prevents flow in the opposite direction.

6. A ligquid feeding system, comprising: dis-
charge conduit means; at least two pump means;
conduit means for connecting said pump means
in series to feed liquid to said discharge conduit
mesns, a first of said pump means being of larg-
er capacity than the second of said pump means,
said second pump means being connected to dis-
charge te the inlet of said first pump means;
conduit means for providing a bypass around
said first of said pump means; check valve means,
interposed in said bypass conduit means, so con-
structed and arranged that it is normally closed
and opens in response to fluid pressure generated
by the other of said pump means when said first
pump means fails.

7. A liquid feeding system, comprising: dis-
charge conduit means; at least two pump means,
one of said pump means being of smaller capac-
ity than the other; means for connecting the
pump means of smaller capacity to discharge to
the inlet of the pump means of larger capacity so
that when both said pump means are in opera-
tion a negligible part of the work in feeding lig-
uid to said discharge conduit means is done by
said pump means of smaller capacity; and means
so constructed and arranged that upon failure
of the Iarger of said pump means all of the work
done in feeding liquid to said discharge conduit
means is done by said pump means of smaller
capacity.

8. A liquid feeding system, comprising: dis-
charge conduit means; at least two pump means
of different capacities in series for feeding liquid
from a source to said discharge conduit means;
means for so connecting said pump means that
when both of said pump means are in operation
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a minor part of the work in feeding liquid to said
discharge conduit means is done by one of said
pump means, said connecting means including
bypass conduit means from the source to a point
between said pumyp means, and check valve means
hiased to closed position, interposed in said by-
pass conduit means and so constructed and ar-
ranged that when both of said pump means are
in operation said check valve is open; and means
so constructed and arranged that upon failure of
the other of said pump means said one of said
pump means is connected directly to said dis-
charge conduit means and all of the work done
in feeding liguid to said discharge conduit means
is done by said one of said pump means.

9. A liquid feeding system, comprising: dis-
charge conduit means; at least two pump means
in series for feeding liquid from a source to said
discharge conduit means, a first of said pump
means being of larger capacity than the second
of said pump means, said second pump means
being connected to discharge to the inlet of said
first pump means; bypass conduit means from
the source to a point between said pump means;
check valve means biased to closed positioned,
interposed in said bypass conduit means and so
constructed and arranged that when both of said
pump means are in operation said check valve is
open; and means so constructed and arranged
that upon failure of the larger of said pump
means said smaller one of said pump means is
connected directly to said discharge conduit
means.

- JAMES L. RAY.
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