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UNITED STATES

Patented Mar. 1927.

1,621,683
PATENT OFFICE.

GEORGE D. POGUE, OF MOUNT VERNON, NEW FORE.

PIPE-LINE SYSTEN.

Application filed February 23, 1823, Serial No. 620,792,

This invention relates to oil pipe line sys-
tems that are used for transporting petro-
leum crude oil considerable distances, for ex-
ample, from an oil field or point where crude
oil is produced or gathered to an oil refin-
ery, possibly hundreds of miles distant.

At the present time there are two types
or kinds of oil pipe line systems in genera
use, both of which comprise a main line di-
vided up into a plurality of sections ai-
ranged in tandem or series relation and each
section equipped at its initial end with a
pumping apparatus that discharges oil into
the main line at about 700 Ibs. pressure. In
one of said systems the oil arriving at the
delivery end of a section ig discharged into
a large storage tank which, in twin, 13 con-
nected to the suction inlet of the pumping
apparatus which forces the oil through the
next succeeding section of the system, such
a system having certain objectionable char-
acteristics which are overcome or minimized
by the invention that forms the subject-mat-
ter of my pending application for patent for
oil pipe line system, Serial No. 613,912, filed
January 20, 1923. In the other conven-
tional pipe line system, the delivery end of
one section of the main line is connected to
the suction inlet of the pumping apparatus
which discharges into the next succeeding
section. of the system. At a point in the
main line near the delivery end of each sec-
tion a lateral connection leads off to a stor-
age tank, the arrangement being such that

the various storage tanks of the system float

on the main line.

My present invention relates to an oil pipe
line system of the type last referred to,
namely, a system that comprises a number
of intermediate stations arranged in tandem
relation between the receiving station and
the terminus of the line and usually located
40 to 50 miles apart, an underground pipe
line composed of a number cf sections that
connect the various stations of the system
together, a pumping apparatus at each of
the intermediate stations having its suction
inlet connected with the section of pipe line
which leads from the preceding station of
the system and its discharge outlet connected
with the section of pipe line which leads to
the next succeeding station of the system
and storage tanks at the intermediate sta-
tions that are connected with the pipe line
in such a way as to permit the oil being

pumped through the system to flow into and
out of the storage tanks at the stations, de-
pending upon the rate of operation of the
pumping apparatus at the intermediate sta-
tions. In the conventional pipe line system
of this particular type if the quantity of oil
arriving at any intermediate station through
the section of the pipe line that leads from
the preceding station is greater than the
quantity of o1l discharged by the pumping
apparatus of said imtermediate station into
the next succeeding section of the pipe line,
then the “overage” or excess quantity of oil
flows from the main line into the storage
tank at said intermediate station through
the lateral connection between said storage
tank and the main line. Conversely, if the
quantity of oil arriving at any intermediate
station of the system is less than the quant-
ity of oil discharged by the pumping appara-
tus of said station into the next succeeding
section of the main line, then oil will be
drawn from the storage tank at that station
into the main line through the lateral con-
nection from the main line to said storage
tank, ' o

If the crude oil being handled by the sys-
tem 1is of a.viscous nature it is, in some cases,
necessary to heat it before it enters each sec-
tion of the line to facilitate the flow of the
oil through the pipe line, and in a system
of the particular type just referred to it has
been necessary in such cases to provide means
for maintaining the entirve quantity of oil in
the storage tank of each intermediate sta-
tion in a heated condition, when heating of
the oil is necessary. ‘

Accordingly, the conventional pipe line
system of the particular type to which my
present invention relates has two very ob-
jectionable characteristics:

1st. It docs not contemplate the use of a
means for maintaining proper relationship
in the rate of pumpage of the various sta-
tions. Consequently, the rate of flow of the
oil through the various sections of the sys-
tem is subject to continuous variation, pro-
ducing continual changes in the level of the
oil in the storage tanks at the intermediate
stations that float on the main line and re-
sulting in a relatively high evaporation loss,
becanse an abnormal rise in level will force
out of the storage tank the air above the oil
which is saturated with the volatile con-
stituents of the oil and an abnormal drop in
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level will cause a large quantity of fresh air
to be drawn into the tank and mixed with
the vapors rising from the oil.

2nd. The practice of maintaining the en-

tire quantity of oil in the storage tanks in a

heated condition during the season when
heating of the oil is necessary entails a con-
siderable expenditure for fuel used to heat

- the oil, and moreover, tends to increase the
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evaporation loss, due, of course, to the fact
that the volatile constituents of the oil will
escape or be driven off to a greater degree
when the entire body of oil in the tank is
heated.

The main object of my invention is to pro-
vide an oil pipe line system of the general
character referred to, namely, a system com-
prising storage tanks that float on the main
line, which is so constructed that a practi-
cally constant or uniform rate of delivery
from all of the intermediate stations of the
system can be maintained, thereby reducing
the evaporation loss by preventing an ab-

-normal variation in level of the oil in the

storage tanks, as occurs in the conventional

pipe line system of this particular type.
Another object of my invention is to pro-

vide an oil pipe line system of the general

- type referred to which 1s so constructed that
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heating of the entire quantity of oil in the
storage tanks at the intermediate stations is
not necessary, thereby effecting a consider-
able saving in the quantity of fuel used to heat
the oil in cold weather and also reducing the
evaporation-loss. Other objects and desir-
able features of my invention will be herein-
after pointed out.

To this end I have devised an oil pipe line
system in which each intermediate station of
the system is equipped with means that will
either automatically control the speed or de-
livery of the pumping apparatus of that par-
ticular station, or indicate to the operator
in charge of said station how to govern the
pumping apparatus so as to maintain same in
such a condition that the pumpage rate of
that particular station will correspond to the
net quantity of oil being received from the
immediately preceding station of the system,
thereby producing a system in which the oil
will flow practically continuously through
the main line from the receiving station to
the terminus of the line.

Owing to the fact that there is no flow or
a relatively small flow of oil from the main
line into the storage tanks and back into the
main line under normal conditions, it is only
necessary to maintain a relatively small
quantity of oil in the storage tank at eacn
intermediate station in a heated condition
in cold weather. Accordingly, in my im-
proved system each intermediate station is
equipped with a heating device arranged so
that it will heat either a zone of the lateral
connection between the main line and the

-ator
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storage tank or a zone of the storage tank
in proximity to said lateral connection. If
desired, means can be provided for auto-
matically controlling the quantity or intensi-
ty of the heat supplied to said zone or zones
50 as to turn on the supply of heat when the
oil starts to flow from the storage tank nto
the main line and automatically increase the
intensity or the quantity of heat supplied in
approximate proportion to the rate of flow
of the oil into the main line, or automatically
reduce or cut off the supply of heat to said
zone or xzenes when the direction of flow of
the oil through said lateral connection is re-
versed, or, int other words, when the oil starts
to flow from the main line into the storage
tank.

It 1z immaterial what means is used for
automatically controlling the pumping ap-

paratus at the various stations or for indieat-
ing to the operators in charge of the stations
how the pumping apparatus sheuld be gov-
erned so as to unify the rate of delivery of
all of the pumping stations, but I prefer to
utilize the fow of the oil through the lateral
connections leading from the main line to
the storage tanks so as to operate devices at
the intermediate stations that actuate indi-
cators or automatic speed governors asscci-
ated with the pumping apparatus. If cach
station is equipped with an indicator, said
indicator will preferably be constructed in
such & manuner that it will show continuously
the divection and quantity of flow of the
oil through the lateral connection that joins
the storage tank at said station with the main
line, in order that the operator in charge of
the station may be kept informed as to the
actual condition existing at said station, and
thus be able to manually adjust the pumpage
rate at that station to correspond to the net
quantity of oil being rveceived from the im-
mediately preceding station of the systen.
Said indieator or ndicating means is pref-
erably constructed in such a way that if there
is no flow of oil throngh the lateral con-
nection in either direction, then the indicator
will stand at zero, but if oil is arriving at
said station at the rate of, say, 500 barrvels
per day in excess of the rate at which the
pumping apparatus at said station is supply-
ing oil to the next succeeding station, the
movable element of the indicafor will move
into such a position on a dial that the oper-
will understand that in order to main-

tain equilibrium on the line he must increase

the discharge vate of the pumping apparatus
at said station 500 barrels per day. Or if

the oil is arviving at that station at the rate
of, say, 300 barvels per day less than the
rate at which the pumping apparatus at
said station s discharging cil into the sec-
tion of the pipe line leading to the next suc-
ceeding station of the system, the movable
element of the indicator will move into such
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a position on the dial as to notify the opera-
tor that he must decrease the speed of the
pumping apparatus so as to decrease the
pumpage rate 300 barrels per day.

It each intermediate station 1s equipped
with a mesns for automatically incrensing
or decreasing the speed or rate of delivery
of the pumping apparatus at the station, de-
pending upon the direction and rate of flow
of oil through the lateral connection that
joins the storage tank at the station with the
main line, the rate of discharge of all of the
pumps on the system will be automatically
maintained substantially equal, of course,
making allowance for line leakage, evapora-
tion, leakage from tanks and withdrawals
made from the line at various points for
fuel or other purposes. Irrespective of
whether the stations ave equipped with auto-
matic indicators or automatic controlling
means for the pumping apparatus, the surge
of oil into and out of the storage tanks is
materially reduced, thereby decreasing the
evaporation losses, and under certain condi-
tions, heat losses.

Figure 1 of the drawings is a diagram-
matic view, illustrating one of the inter-
mediate stations of a pipe line system con-
structed in aceordance with my invention;
and

Figure 2 is a similar view, illustrating a
different form of device for utilizing the
flow of the liquid into or out of the storage
tank of the station for actuating an indi-
cator or a means for controlling the speed
of the motor or other prime mover of the
pumping apparatus of the station.

In the form of my invention shown in
Figure 1 A designates one section of an
underground pipe line that leads from one
station of the system to the next succeeding
station of the system, and arranged so that
1t will discharge into a pump B that delivers
the oil to the section A’ of the main line
that leads to the next succeeding station of
the system, the pump B being driven by
a motor or other suitable prime mover C.
The station at which the pump B is located
is provided with a storage tank D that is
joined to the section A of the main line by
a lateral connection X that is tapped onto
said main line at a point in proximity to
the suction inlet of the pump B. At two
points on the lateral connection H, prefer-
ably a considerable distance apart to insure
sufficient pressure differential, are connected
two pressure lines 1 and 2 which lead to
chambers 1* and 2* arranged on oppesite
sides of a flexible diaphragm F. If there
is a flow of liquid through the lateral con-
nection E from the main line towards the
storage tank D, then the pressure in said
lateral connection at the inlet to the pres-

sure line 1 will be higher relatively than

the pressure in said lateral connection at the

S

inlet to the pressure line 2, and the dia-
phragm F will be deflected to the left.
Likewise, if there is a flow of liguid through
the lateral connection E from the storage
tank D towards the main line, the pressure
in said lateral connection at the inlet to the
pressure line 2 will be higher relatively than
tne pressure at the inlet to the pressure line
1 and the diaphragm F will be deflected
to the right.

The diaphragm F is operatively connected
either with the movable element of an indi-
cating device or with a mechanism for auto-
matically controlling the speed of the motor
or prime mover C which drives the pump
B, or, if desired, the diaphragm F can be
operatively connected with a speed govern-
ing device for the motor C or with an indi-
cator and speed governing device. In the
form of my invention shown in Figure 1
the diaphragm F is connected with an indi-
cator needle 8 that co-operates with a sta-
tionary dial or scale 4. When the dia-
phragm T flexes to the right, the indicator
needle 3 will move over the dial 4 towards
the left, and when the diaphragm F flexes
to the left, the indicator needle 3 will move
over the dial towards the right. It is im-
material how the dial 4 is marked, but I
prefer to provide said dial with a neutral
point, designated by 0, at which the indi-
cator needle 8 stands when no liquid is flow-
ing through the lateral connection E in
either direction and provide said dial with
suitable indicia arranged at opposite sides
of said neutral point, for example, the words
“Increase speed” to the right of said neutral
point and the words “decrease speed” to the
left of said neutral point, so as to indicate
to the operator in charge of the pump B
that he should increase the speed of the
motor C when the indicator needle swings
to the right and should decrease the speed
ef said motor when the indicator needle
swings to the left. If desired, the dial 4
can also be provided with indicia that co-
operates with the indicator needle 8 to de-
note the approximate rate of flow of liquid
through the lateral connection X in either
direction. * As previously stated, the move-
ment of the diaphragm I can be used to ac-
tuate a speed governing device 5 that is asso-
ciated with the motor € which drives the
pump B so ag to automatically control the
speed of the pump, the device 5 being herein
illustrated as connected by a link 6 with the
lower end of the indicator ueedle 3, thereby
producing a mechanism, which, in addition
to automatically controlling the speed of the
pumping apparatus, will also indicate con-
tinuously to the operator in charge of said
apparatus the direction and quantity of flow
through the lateral connection E that joins
the main line with the storage tank D at that
particular station. When the diaphragm ¥
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is operatively connected with the speed reg-
ulating deviee 5 the movement of the du‘
phr'wm F to the left, produced by the pas-
sage of llqmd through the lateral connection
E from the stora wge tank into the main line,
causes the speed of the pump B to be 1*1—
creased antomatically until equilibrium is
reached or untﬂ the amount of oil delivered
by the pun 1p B to the section A’ of the plpa
line that leads *o tﬁe next succeeding station
of the system equals the quantity OL 0il being
dehveieu through the section A of pipe line
eading from the preceding station of the
ysiem On the other hand if the net quan-
tity of oil received through the section A of
the pipée line from the pt ecefhno station
should be less than the quantity of il being
delivered by the pump 5 into the section A’
of the pme line that leads to the next suc-
ceeding station, then the flow through the
lateral connection E would be from the stor-
age tank D into the main line, in which case
the pressure in the lateral connection E at the
inlet of the pressure line 2 would be higher
than the pressure in said lateral connection

“at the inlet to the pressure line 1, and the

diaphragm ¥ would be deflected to the right,
thus moving the indicator needle to the Tett
and also causing the speed of the motor C
to be decreased fm’romatlcaﬂv until equilib-
rium is again reached or until the amount

ot oil delivered by the pumping apparatus
‘at this particular station to the succeeding

station of the system equals the quantity of
oil received at said station from the preced-
ing station of the system. If the lateral
connection E is unusually short it may be
necegsary to provide said connection: with
a constrictive means, indicated by the refer-
ence character @, to increase the pressure
differential in that part of the lateral line
for any given rate of flow.

In ovder that crude oil that is of a vis-
cous nature may be handled by the system
o heating device Gn indi-
cated diagrar mmatic cally, ig arranged in the
main 11’16 in proximity to the pump B,
shown in Figure 1, s said heating device mu-
ally consisting of a coil fo which steam is
supplied from a boiler H. Such heating
devices are in common use, but in the con-
ventional pine line 3‘,‘4’6(11'3 of the kind in
which the intermediate stations are equipped
with storage tanks that float on the main
line additional heating devices ave also e
ploy ed to mmrtam the entive quantity of
0ilin the storage tanks in a heated cor dition.

{One object oi my invention Is to overcome
the necessity of heating the entire quantity
of oil in the storsge tank at ead interme-
diate station snd to thh end T have provided
the lateral conmection K Dbetween the stor-

age tank D and the main line with an aux-
iliary heating device T arranged preferably
in the connacim'l E at a point in proximity

anl-
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to the storage tank D. T also prefer to ar-
ange a zone heater J inside of the storage
tank D in close proximity to the auxiliary
heater I so as to cauge a.relatively small
quantity of oil in the storage mnk D to be
heated by said zone heater. Neither the
auxiliary heater I nor the zone hea»el J a
required.to be in continuous operation, even
dallno the winter months, because the auto-
matic means for rmfymn the rate of deliv-
ery for all of the pumping stations of the
sy’tem results in an absence of no*‘ement
of oil through the lateral connections B st
the 1eq1>ectne stations nnder n wml condi-
tions. It is immaterial what particular type
or kind of auxiliary heater T and zone heater

J is uged, but in most instances said heaters
W.lll consist of steam coils ’co which steam
is supplied from the boiler H, the auxiliary
heater I being herein illustrated as connected
in series with the zone heater J. In some
instances it may be mnecessary to provide
means for hcahnp the 011 10 the lateral con-
nections leading from
stornge tanks, and thuetme in Figure 1, I
h“ve illustrated a heating device I’ cumnoefl
in the lateral connection B between the main
line and the wu\msrv heater 1.

Tn Tigure 2, I have illustrated another
form of my mveptlon, wherein the lateral
connection K’ between the storage tank D
and the section A of pipe line that leads to
the pump B is provided with a piston 10
reciprocatingly mounted in a cylinder 11

and equipped ‘with an orifice 12. The piston
10 may be connected either with the mov-
able element of an indicating device, for
e\qmple, with an indicator needle 3, or it

aay be connected with a speed governing
deT ce 5 associated with the motor D so as
to ‘mtomauoallv regulate -the speed of the
pump B. In the form of my. inventicn
shown in Figure 2 the piston 10 is opera-
tively connected with the indicator needle
3, which, in turn, is connected by means of

hnk 6 with the speed controlling device
5 of the motor C, said rod 6° hfnlno a
portion 6° to which stabiliz zing springs 13
are connected. VWhen the oil flows through
the lateral connection B’ in one direction,
for instance, from the main line A to-
wards the storage tank D the piston 10
will move upW‘Lrle thus cwsmo the in-
dicator needle 8 to swing to the l'ahiL and
thus indicate that the 'ipeed of the pump
B should be increased if the piston 10 is
merely associated with an indicating device.
If the piston 10 is asgociated with a speed
controlling device 5, as herein she \n. the
speed of the pump will be increased auto-
matically w hen 9axd piston moves upwa 1(]h'
This new condition would continue until
equilibrium is reached or until the flow
through the laleral comnection B ceases,
when the stabilizing springs will return the

the mam line to the
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piston 10 to its central position in the cylin-
der 11.

As previously stated, one object of my in-
vention is to provide means for au torati-
cally controlling the quantity or intensity
of heat that is supplied to thie heater or
heaters which are nsed for heating a small
quantity of oil in the storage tank or in
a portion of the lateral connection between
the storage tank and the imain line. This
can be a&ompli& ted by arranging a valve
14 in the steam supply line that feads to the
auxiliary heater I and the zone heater J
and connecting said valve with the rod 67,
as shown in Figure 2. As previously stated,
there is very little movement of oil through
the lateral co*‘nﬂchon betw en the storage
tank and the main line, “1“ if come sneual
condition requires that oil be drawn “from
the storage tank, then the xzone heater and
auxiliary heater will be immediately thrown
into operation autom atically by the move-
ment of the piston 10 in the laferal connec-
tion I/, and the portion of the oil in the
storage tank in proximity to the zone heater
J will be heated sufiiciently to facilitate its
flow into the main line. When the supply
of the heating medium to the heaters I and
J is controlled automatically in the above
manner the flow O'F oil from the s-:‘tomge tank
through the lateral connection K’ cauises the
heatno devices I and J to become operative
automa tlcal]y and the quantity of heat sup-
plied to said devices to be varied automati-

e

5 cally in approximate proportion to the rate

of flow of the oil passing to the main line.
If the oil flows in the opposite direction
through the lateral connection I, namely,
from the main line to the stornge tzm]-, then
the heat supplied to either or ‘both of the
heaters I and J will be antomatically cut
off, ov at least, 104%00 to & certain desired
nnmmvm. While steam is generally em-
plo; ed for opem‘un“‘ the nuxiliary }10“191
«\PCL the zone heater, it is ot course obvious
that any other type or kind of heater could
be used without dep\u‘tu* irom the spirit
of my invention. Ifis also (“W]oos mm by
increasing the capmmtv of the zone heater J
Tocated i the storage tank that the auxiliary
heater I could be omltteu, but if the zone
heater is of extensive capacity, then the
natural eirculation set up in the Stor age t‘mk
will carry off and ¢ 11%1pdte heat nse;r“]v
ther ebV defeatmo one of the important ob~
jects of my inventio m, which is to s 1‘pply
only sufficient heat to start the eil into the
lateral connection I of Whlch the auxilinry
heater I virtually forms a part.

Instead of controanO the speed of the
pumping apparatus by a means operated
directly from a part that is actuated by the
movement of the oil through the lateral con-
nection between the main Tine and the stor-
age tank, various other means could be em-

-8

ployed for controlling the speed of the
pumping apparatus Wlthout departing, from
the spirit of my invention.

While I have herein illustrated two forms
of my invention, I wish it to be understood
that various other devices operated by the
flow of the liquid through the lateral con-
nection between the main line and the stor-
age tank could be used to operate an indi-
catmo mechanism or a speed regulating
mechamsm. and further, that it is imma-
terial, so far as my broad idea is concerned,
wheLhu the means that is used for umty-
ing the rate of delivery of all of the pump-
ing stations of the system consists of auto-
md’mcql]y operating indicators that will in-
dicate continuously to the operators in
charge of the pumping stations how to con-
trol the pumping apparatus to maintain a
practically constant flow of oil through the
main line, or consists of a mechanism for
automatically increasing or decreasing the
gpeed or delivery of the | pumping qppftratus

While I prefer to use a diaphragm, as
shown in Figure 1, or a perforated piston,
as shown in I igure 2 to actuate a means that
automatically reOuhtes or assists in the
proper regulation of the pumping apparatus
of each statlon, it will be obvious that said
pumping apparatus could be regulated. in
various other ways without departlno from
the splut of my invention.

While T have described my invention as
applied to a system for conveying crude

petrolenm from ene point to another, it s

(,vaous that the invention is applicable to
systems for handling other kinds of liquids.
Having thus describedt my invention, what
1 claim as new and desire to secure by Let-
ters Patent is:
1. A pipe. line system, comprising pump-
ing stations equipped with pumping appa-
ratus arranged in series with the main line
of the systun through which the liquid is
pumped, storage tanks at intermediate
pumping qtations joined to lateral connec-
tions -on the main line, and means associated
with said lateral connections for maintain-
ing or (W‘netlno in mamtamlnfr the pump-
ing appar ratus of said stations i such condi-
tion as to tend to unify the rate of delivery
ilom the Lespectlve stations.
2. A pipe line system, comprising a num-
bm' of intermediate stations arranged be-
tween the receiving station and the telmlnus
of the system and each prov1ded with a
pumping apparatus arranged in series with
the main line through which the liquid is
pumped, a storage tank at each of said in-

termediate statlons, joined by a lateral con-
nectlon with the main line at a point in

proximity to the inlet end of the pumping

aplmratus of the station, and means at eacﬁ
of said intermediate stations for assisting
in maintaining a practically constant flow,
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of the liquid through the main line, compris-
ing elements operable by the flow of liquid
through said lateral connections in either
direction. -

3. A pipe line system, comprising pump-
ing stations equipped with pumping appa-

‘ratus arranged in series with the main line

of the system through which the liquid is
pumped,-a storage tank at each interme-
diate station joined by a lateral connection
with the main line at a point in proximity
to the inlet end cf the pumping apparatus,
and an element at each of said intermediate
pumping stations associated with the lateral
connection between the main line and the
storage tank of said station in such a way
that 1t-will be rendered operative by the fiow
of liquid through said lateral connection in
either direction.

4. A pipe line system, comprising pump-
ing stations equipped with pumping appa-
ratus arranged in series with the main line
of the system through which the liquid is
pumped, a storage tanl at each intermediate
station joined by a lateral conmection with
the main line at a point in proximity to the
inlet end of the pumping apparatus, and an
element at each of said intermediate pump-
ing stations associated with the lateral con-
nection between the main line and the stor-
age tank of said station and arranged in
such 2 way that it will be maintained at rest
or will move in opposite directions for dif-
ferent distances, according to whether no
liquid is flowing through said lateral con-
nection or whether the liguid is flowing into
or out of the storage tank,

5. A pipe line system, comprising a main
line composed of a plurality of sections,
pumping apparatus arranged in series with
said sections, storage tanks joined by lateral
connections to said main line in such a man-
ner that the liquid flowing through any sec-
tion of the system can enter the storage tank
associated with said section in the event the
pumping apparatus of the next succeeding
section of the system is not operating at a
sufficiently high rate to handle the liguid
that is supplied to same, and means asso-
ciated with said lateral connections for
maintaining or assisting in maintaining the
various pumping apparatus of the system in
such condition as to tend to cause a practi-
cally constant or uniform rate of discharge
from said pumping apparatus.

6. In a pipe line system, a main line, a
pumping apparatus arranged in series with
said main line, a storage tank joined by a
lateral connection with said main line at a
point in proximity to the inlet end of said
pumping apparatus, and means associated
with said lateral connection for indicating
whether liquid is flowing through said con-
nection and if so in what direction the lig-
uid is flowing:

1,621,888

7. In a pipe line system, a main line, a
pumping apparatus arranged in series with
sald main line, a storage tank joined by a
lateral comnection with said main line at
a point in proximity to the inlet end of
said pumping apparatus, and an actuating
means for an indicator or governor asso-
ciated with said lateral connection and op-
erable by the flow of liquid through same.

8. In a pipe line system, a main line, a
pumping apparatus arranged in series with
said main line, a storage tank joined by
a lateral connection with said main line at
a point In proximity to the inlet end of said
pumping apparatus, and means associated
with said lateral connection for indicating
the direction of flow and the approximate
quantity of liquid flowing through said con-
nection,

9. In a pipe line system, a main line, a
pumping apparatus arranged in series with
said main Ime, a storage tank joined by
a lateral connection with said main line at
a point in proximity to. the inlet end of
said pumping apparatus, an element adapt-
ed to be operated by the flow of liquid
through sald connection, and a part con-
trolled by said element.

10. In a pipe line system, a main line,
a pumping apparatus arranged in series
with suid main line, a storage tank joined
by a lateral connection with sald main line
at a point in proximity to the inlet end
of said pumping apparatus, and a means as-
sociated with said lateral connection and
operated by the flow of liquid through same
for indicating whether the speed of said
pumping apparatus should be increased or
decreased.

11. In a pipe line system, a main line, a
pumping apparatus arranged in series with
sald main line, a storage tank joined by a
lateral connection with said main line at a
point in proximity to the inlet end of said
pumping apparatus, a speed regulating de-
vice for said pumping apparatus, and means
operable by the fiow of liquid through said
lateral connection for actuating said speed
regulating device.

12. In a pipe line system, a main line,
a pumping apparatus arranged in series
with said main line, a storage tank joined
by a lateral connection with said main line
at a point in proximity to the inlet end
of said pumping apparatus, an indicating
mechanism, a speed regulating device for
sald pumping apparatus, and means oper-
able by the flow of liquid through said lat-
eral conneciion for actuating said indicat-
ing mechanism and said speed regulating
device. i

13. In a pipe line system, a main line, a
pumping apparatus arranged in series with
said main line, a storage tank joined by
a -lateral connection with said main line
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gt 4 point in proximity to the inlet end of
said pumping apparatus, and means asso-
ciated with said lateral connection for auto-
matically indicating whether the speed of
said pumping apparatus should be increased
or decreased and also the approximate rate
of flow of liquid through said connection.

14. In a pipe line system, a main line,
a pumping apparatus arranged In series
with said main line, a storage tank joined
by a lateral connection with said main
line at & point in proximity to the inlet
end of said pumping apparatus, and means
for automatically increasing the speed of
said pumping apparatus when liquid flows
through said connection into said storage
tank and for automatically decreasing the
speed of said pumping apparatus when said
apparatus is drawing liquid from said tank
through said lateral comnection.

15. A pipe line system, comprising a plu-
rality of sections of pipe line arranged in
series, a pumping apparatus for forcing a
Tiquid through each section towards an-ulti-
mate delivery point, a lateral connection
leading from each of said sections near its
delivery end to a storage tank, and means
associated with each of said lateral conmnec-
tions for indicating the direction of flow and
quantity of liquid flowing through said con-
nection.

16. A pipe line system, comprising a plu-
rality of sections of pipe line arranged in
tandem relation, with the delivery end of
one section: connected to the recelving end
of the next succeeding section, a pumping
apparatus located in proximity to the ve-
ceiving end of each section for foreing lig-
uid through said section, a lateral line con-
nected with each section in proximity to its
delivery end and leading to a storage tanlk,
and means associated with each of said lat-
eral lines for indicating the absence of flow,
the direction of flow, if any, and the approx-
imate quantity of. liquid flowing through
said lateral line.

17. A pipe line system, comprising a plu-
rality of sections of pipe line arranged in
series with the delivery end of one section
connected to the receiving end of the next
succeeding section, a. pumping apparatus for
foreing liquid through each of said sections,
a lateral line leading from each of said sec-
tions near its delivery end to a storage tank,
and means associated with each of said lat-
eral lines for controlling the rate of dis-
charge of the pumping apparatus which de-
livers liquid into the next succeeding sec-
tion of the pipe line.

18. A pipe line system, comprising a plu-
rality of sections of pipe line arranged in
series, with the delivery end of one section
connected to the receiving end of the next
succeeding section, a pumping apparatus
for forcing liquid through each of said sec-
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tions, a storage tank associated with each of
said sections and joined by a lateral connec-
tion with the section adjacent the discharge
end of same, a means associated with each
of said lateral connections and actuated by
the pressure drop set up by the liguid flow-
ing through said connection for indicating
the condition existing in the eonnection, and
means wheveby the pressure drop for any
given flow through the lateral commection
may be inereased beyond normal.

19 A pipe line system, ecomprising a plu-
rality of seetions of pipe line airanged in
series with the delivery end of one seetion
in proximity to the receiving end of the next
sueceeding section, a pumping apparatus for
foreing liquid through each of said sections
arranged 1 such a way that it receives its
sapply of liguid from the delivery end of
the preceding section, a storage tank joined
by a lateral conmection with each of said
sections in proximity to the delivery end of
same, an element associatéd with each of
satedl lateral connections and constructed in
such a way that it will meve In one direc-
tion or the ether, depending upon the rate
and direction of flow of the liquid-threugh
said lateral eonneection, and means for uti-
lizing the movement of said element to cause
a change in the speed of the pumping appa-
ratus whicl forces the liquid through the
next succeeding section of the pipe line.

20. A pipe line system, comprising a plu-
rality of sections of pipe line arranged in
series with the delivery end of one section
in proximity te the receiving end of the next
suceeeding section, a pumping apparatus
for forcing liquid through each of said see-
tiens arranged in such a way that it will
veceive its supply of liquid from the deliv-
ery end of the preceding section, a storage
tank associated with each of said sections
and joined by a lateral connection with the
sectionr at a peint in proximity to its de-
livery end, am element associated. with each
of said lateral connections and adapted to
be moved in one direction or the ether by
the flow of the ligquid through said connec-
tion; and a means governed by said element
for indicating to the operator in charge of
the pumping apparatus the direction of
flow of the liquid through said lateral con-
nection.

21. A pipe line system, comprising @ main
line, pumping apparatus arranged in se-’
ries with said main line, storage tanks joined
to said main line by lateral connections that
are tapped onto said line at points in prox-
imity to the inlet ends of said pumping ap-
paratus, means associated with each of said
lateral connections for maintaining or as-
sisting in maintaining the pumping appara-
tus in such condition as to tend to unify
the rate of delivery from said pumping ap-
paratus, and heating devices associated with
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said storage tanks for maintaining a rela-
tively small quantity of oil in each of said
tanks or a quantity of oil in the lateral con-
nection leading from the tank in a heated
condition.

22. In a pipe line system, a main line, a
pumping apparatus for forcing Iiquid
through said line, a storage tank joined by
a lateral connection with said main line
at a point in proximity to the inlet end of
the pumping apparatus, a means associated
with said Iateral connection and operated
by the flow of liquid through said connection
that is used for maintaining or assisting in
maintaining said pumping apparatus in such
condition as to tend to cause the liquid to
flow through the main line without entering
said storage tank, and a heating means ar-
ranged in proximity to the point where said
lateral connection is joined to said tank.

23. In a pipe line system, a main line, a
pumping - apparatus for forcing = liguid

- through said line, a storage tank joined by

as
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a lateral connection with said mamn line at
a point in proximity to the inlet end of the
pumping apparatus, a means associated with
said lateral conmection and operated by the
flow of liquid through said connection that
is used for maintaining or assisting in main-
taining said pumping apparatus in such con-
dition as to tend to cause the liquid to flow
through the main line without entering said
storage tank, and an automatic means for
rendering said heating means operative and

inoperative. .
24. In a pipe line system, a main line, a
pumping apparatus for forcing liquid

through said line, a storage tank joined by
a lateral connection with said main line
at a point in proximity to the inlet end of
the pumping apparatus, a means associated
with said lateral connection and operated by
the flow of liquid through said connection
that is used for maintaining or assisting in
maintaining said pumping apparatus in such
condition as to tend to cause the liquid to
flow through the main line without entering
said storage tank, and means for automati-
cally varying the quantity of heat or inten-
sity of heat produced by said heating means.

25. In a pipe line system, a main line, a
pumping apparatus for forcing liguid
through said line, a storage tank joined by
a lateral connection with said man line at
a point in proximity to the inlet end of the

8 1,621,685

pumping apparatus, a means associated with
said lateral connection and operated by the
flow of liquid through said connection that
is used for maintaining or assisting in main-
taining said pumping apparatus in such con-
dition as to tend to cause the liquid to flow
through the main line without entering said
storage tank, and means whereby the flow
of liquid from said tank through said lateral
connection causes sald heating means to be
rendered operative. »

26. In a pipe line system, a main line, a
pumping apparatus for foreing liquid
through said line, a stovage tank joined by
a lateral connection with said main line
1§ a point in proximity to the inlet end of
he pumping apparatus, a means associated
with said lateral conmection and operated
by the flow of liquid through said connec-
tion that is used for maintaining or assist-
ing in maintaining said pumping apparatus
in such condition as to tend-to cause the
liquid to flow through the main line with-
out.entering said storage tank, and means
whereby the flow of liquid through said con-
nection into said tank causes the heat pro-
duced by said means to be diminished and
the flow of oil from said tank through said
lateral connection causes the heat produced
by said means to be increased.

me A

o

27. A pipe line system, comprising a plu-
rality of sections of pipe line arranged in

connected to the receiving end of the next
succeeding section, a pumping apparatus
for forcing liquid through each of said sec-
tions, a lateral line connected to each of
said sections near its delivery end and lead-
ing to a storage tank, a heating means ar-
ranged in proximity to the point where said
lateral line is connected to said tank, means
associated with said lateral line for varying
the quantity or intensity of heat produced
by said heating means in approximate pro-
portion to the rate at which the liquid flows
irom the storage tank through the lateral
line towards the pipe line, and means for
stopping or materially reducing the quan-
tity or intensity of heat produced by said
heating means if the flow of liquid through
said lateral line ceases or if the direction

of flow of the liquid is from the pipe line’

into the storage tank.
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