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2,953,147
FILLING RATE CONTROL

Daniel B. Hornback, Bartlesville, Okla., assignor to Phil-
lips Petrolenm Company, a corporation of Delaware

Kiled Nov. 15, 1956, Ser. No. 622,437
6 Claims., (Cl 137—2)

This invention relates to apparatus and method for
safely filling a tank with a liquid, the vapors of which
form an explosive mixture with the atmosphere. In one
aspect 1t relates to apparatus and method for minimizing
danger of explosion while filling an open tank with a
liquid, the vapors of which form explosive mixtures with
alr at ambient temperatures.

When jet airplanes fuels, kerosenes and other petroleum
products having vapor pressures similar to those fuels
just mentioned, are stored in tanks open to the atmos-
phere, the vapor in the space above the liquid is fre-
quently within the inflammable range over a wide tem-
perature range. It i1s known that for such liquid fuels
the rates of vaporization are such that the vapors pro-
duced therefrom at ambient temperatures form with the
air normally contained in the vapor space of the tank
mixtures the compositions of which are within the ex-
plosive limits., Liquids having lower vapor pressures
usually do not evolve vapors at sufficient rates to form
explosive mixtures with the air in a tank, that is, the
compositions of the mixtures of fuel vapors and air are
lower in fuel vapor content than the lower explosive
limits. Higher vapor pressure fuels evolve vapors at
sufficiently high rates that the compositions of the mix-
tures of vapors and air in the vapor space in the tank
are higher in the fuel vapor contents than the upper ex-
plosive limit. Thus, liquid fuels having higher or lower
vapor pressures than the above-mentioned jet fuels,
kerosene, and other petroleum products having vapor
pressures similar thereto, do not present the hazards
which jet fuels and the like do present.

Explosions within storage tanks being filled with the
above-mentioned jet fuels, kerosene and other petroleum
products having vapor pressures similar to those of jet
fuels and kerosenes, sometimes occur when the static
charge which has been generated at the surface of the
liquid while the tank is being filled is released to the
vapor space above the liquid. It is well known that one
of the normal operations which contributes to the gen-
eration of such a static charge is filling the tank at such
a rate as to cause more or less violent agitation of the
liquid within the tank. Such agitation can be avoided
by controlling the linear velocity of the stream entering
the tank to a velocity below about 3 feet per second until
the level of the liquid in the tank reaches a depth of
about 6 feet. To my knowledge such a type of control
for filling a tank with such fuels has not been accom-
plished and the present invention relates to an automatic
control system and method for regulating the filling of
a tank so as to eliminate or at least minimize the danger
of explosion from a static charge within the tank.

One object of my invention is to provide a simple
method for filling a tank with jet fuels, kerosenes and
other petroleum products having vapor pressures similar

to those of jet fuels and kerosenes, to avoid the hazard
of explosion while filling the tank due to static charge.
- Another object of my invention is to provide an appa-
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ratus automatic in its operation for carrying out this
stated method.

Still another object of my invention is to provide such
an apparatus which is relatively inexpensive to construct
and to operate.

Yet other objects and advantages of my invention will
be realized upon reading the following description
which, taken with the attached drawing, forms a part of
this specification.

The drawing illustrates in diagrammatic form an
assembly of apparatus parts suitable for carrying out the
method of my invention.

Broadly, my invention provides a flow controller
assembly for controlling flow of liquid into a vessel com-
prising, in combination, a vessel for storage of liquid, a
conduit for supplying liquid to said vessel, a normally
open motor valve in said supply conduit for regulating
flow of liquid to said vessel, first flow indicating means
in said supply conduit, second means for operating said
motor valve, said second means being responsive to said
first means, a liquid level indicator assembly operatively
disposed in said vessel, third means operatively commu-

nicating said liquid level indicator assembly and said

second means, said second means also being responsive
to said liquid level controller assembly, said liquid level
coniroller assembly and said third means being adapted
to override said flow indicating means to open said motor
valve for unrestricted flow of liquid in said supply con-
duit to said vessel when said liquid level indicator assem-
bly indicates liquid in said vessel is at level above a pre-
determined level.

Furthermore, my invention provides a method for
minimizing the danger of an explosion resulting from a
static electric charge generated at the surface of liquid
nydrocarbon introduced into an open storage tank, the
vapors of said hydrocarbon forming an explosive mixture
with the atmosphere in said storage tank, comprising the
steps of Introducing said liquid hydrocarbon into said
tank at a flow rate below which a static charge is built
up at the surface of the liquid in the tank until the level
of liquid in said tank reaches a predetermined level, and
subsequently increasing the flow rate of liguid introduced
into said tank.

Referring now to the drawing, reference numeral 11
identifies a tank to be filled with, for example, a jet fuel,
kerosene or other petroleum product having such a vapor
pressure or volatility that the fuel vapors in the tank
form an explosive mixture with atmospheric air in the
tank. Reference numeral 12 identifies the quantity of
such a liquid fuel in tank 11. Pipe 13 is a vent having
a valve which is, of course, opened during filling and
emptying of the tank. A pipe 16 conduits liquid, from
a source not shown, to tank 11. This pipe is provided
with a normally closed throttle motor valve 18 for
control of the rate of flow of liquid fuel into the tank.
This motor valve 18, by way of example, is illustrated as
being a diaphragm operated valve. A tension spring 37
is provided below the diaphragm 19 in such a manner
as to tend to pull diaphragm 19 downward, which move-
ment closes the valve. The space below diaphragm 19
in the motor is vented to the atmosphere through an
opening, not shown. An orifice plate assembly 17 is
provided in pipe 16 as illustrated. A by-pass conduit,
comprising pipes 28, 31 and 32, extends from a point
upstream of motor valve 18 to a point downstream of
this valve as regards flow of liquid into tank 11. The
portion of this by-pass conduit, identified by reference
numeral 31, is provided with a normally open throttle
motor valve 22. As illustrated, motor valve 22 is pro-
vided with a motor containing a diaphragm 23 for pneu-
matic operation. The valve portion 24 can be any suit-
able type valve desired. A compression spring 38 is
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disposed below diaphragm 23 and this spring tends to
open the valve so that the valve is a normally open valve.
A tube 25 connects the upstream side of the orifice
plate assembly 17 with the space above diaphragm 23
while tube or pipe 26 connects the downstream side of
the orifice plate assembly with the space on the under
side of the diaphragm 23. - A second by-pass or tube 33
provides a by-pass around normally open motor valve
22. This valve 34 is an open--closed snap-action valve.
As illustrated in the drawing, it is a solenoid operated
valve, the Solenbid being
numeral 35. |
A pair of electrical wires 15 conduct u:ermary 110
volt electric current, from a source not shown, to the ap-
paratus of my inventi-o-n. One lead of these wires 1s con-
nected with a liquid level float controller assembly 14
1nstalled operatively in tank 11 as 1ilustrated. This liquid
level controller apparatus is intended to operate in such
a manner that when the float rises to a predetermined

level, the circuit through leads 15 is closed and the sole-.

noid 35 operates to open valve 34,
As 1llustrated in the drawing, a venturi 29 is inserted

in line 28 as shown. This venturi is intended to receive

a small stream of the liquid flowing through supply pipe
16 upstream of valve 20 of the motor valve 18 and to

discharge this small stream either to pipes 31 or 33 de-

pending on whether motor valve 22 or motor valve 34
is open. The suction opening of venturi 2% communi-
cates by way of pipe 27 to the space above dlaphragm
12 in motor valve 18. -

Liquid leaving supply pipe 16 and entering tank 11 IS
identified by reference numeral 40.

‘As stated hereinabove, to avoid the possibility ‘Of an
explosion in such a tank by discharge of a static charge

from the surface of the liquid to the vapor it is merely
necessary to restrict the velocity of the inflowing stream
of liquid fuel 40 to a velocity of less than 3 linear feet
per second until such time as the surface of the hqmd 12
reaches a height of about 6 feet in the tank. At this time
the velocity of the liquid 40 entering the tank appears
not to form a static charge of sufficient magnitude to be
hazardous.
ically directed to restricted flow of liquid fuel into the
tank at a low rate until a considerable volume of fuel

is in the tank. Then liquid can be introduced into the-

tank at any desired flow rate.

The operation of the specific apparatus 1111131;mted is
as follows: Liquid fuel, from a source not shown, is
pumped through pipe 18 and through valve 20 into the.
tank. While the level of liquid in the tank is low, that

is, below about 6 feet, and if the rate of flow of liquid
into the tank is greater than about 3 feet per second,
there is a large pressure drop on passage of the liquid
through the orifice plate assembly 17 and a relatively
~great pressure differential is produced between pressures
in pipes 25 and 26. Thus, under this condition pres-

“sure above diaphragm 23 is greater than the pressure be-

low the diaphragm and the compression spring 38 1s
compressed with the downward movement of diaphragm
23 and the valve 24 is throttled, that is, partmlly closed
so as to restrict the flow of liquid throuﬂh pipe 31. With
the flow of liquid restricted through pipe 31 the flow of

~ liquid from pipe 28 through venturi 29 is accordingly re-
stricted. Restriction of liguid flow through venturi 28
similarly restricts the suction pmduced in pipe 27 and

~ the pressure on the dJaphra,s:rm 19 increases thereby co-

operating with tension spring 37 to throttle and to par-.

Thus, the operation of my invention is specif-

4
thereby reducing the pressure in the space above dia-
phragm 192 which rﬁperauOn allows valve 20 to open
somewhat.

When the liquid entermg tank 11 under the above de-
scribed conditions has reached a level of approximately
6 feet, it is then safe to increase the rate of 11q111d flow

Into the tank. - The lguid level controller 14 is so dis-

- posed in tank 11 that when the surface of the liquid

10
1dent1ﬁed by - reference__

reaches the approximate 6 foot level the float operates
a switch in the control box of the controller to close the
circuit in leads 15 thereby causing the solenoid 35 to
open the valve of motor valve 34. When the valve 34
is thus fully opsned there is no restriction of fiow of

' liquid through pipes 28, 33 and 32, thus resulting in a

15

full velocity of liguid through the venturi 29. This full
flow through venturi 29 creates a maximum of suction
in pipe 27 and this operation fully opens valve 20 of
motor valve 18 which operation allows full velocity flow

- of liquid fuel from pipe 16 into tank 11.
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While 1 have described merely as examples the use of
an orifice plate assembly 17 in conduit 16 and a venturi
29 in conduit 28, the use of these specific pieces of ap-
paratus is not critical because other suitable apparatus
operating on the same principles can, when desired, be
used. For example, orifice plate assembly 17 can be re-

placed by a venturi similar to venturi 29 with a suc-

tion line leading from the venturi to one side of a valve.
more or less similar to valve 22 in pipe 31. Likewise,
venturi 29 in pipe 28 can be replaced by an orifice plate
assembly similar to assembly 17 with two pressure pipes
leading to opposite sides of a motor valve similar to
motor valve 18. Also, if desired, both of these pres-
sure responsive pieces of apparatus can in one installa-

~tion be orifice plate assemblies or both can be venturis.

The selection of the specific types of apparatus to be used

in a given application can be dictated in many cases upon

local conditions, for example, orifice pla.te assemblies
may a]ready be available at a glven plant in which this

installation i1s desired.

Such liquids as would normally be handled by tlus ap-
paratus ordinarily do not possess corrosive properties.
Thus, equipment may not need m be selected to resmt

COI’I’ 0S101.

- While I have disclosed a hquld inlet velocity of about
3 feet per second and a liquid level of about 6 feet in
the storage tank, the specific values are merely examples |

The critical velocity and critical height of liquid in.a

tank being filled will vary depending among other things

~on the specific fuel, its vapor pressure, ambient condi-

- {1018,

etc. Regarding vapor pressure of the 11q111d being
passed into the tank, the intended vapor pressure is that.

~ which the given fuel ordinarily possesses.

While certain embodiments of the invention ha:ve beeq

: described for illustrative purposes, the invention obviously

55

is not limited thereto

I claim: - |
1. A flow controller assembly for contmlhnﬂ' flow of

- liquid into a vessel comprising, in combination, a vessel

60

65

~ tially close valve 2§ thereby restricting the rate of liquid

 flow through valve 20 into tank 11.

If the flow of liquid through pipe M into tank 11 18

~ appreciably below, for example, 3 feet per second, the
~ pressure drop across orifice plate assembly 17 is small

70

with the result that motor valve 22 opens somewhat to-

allow a larger flow of liquid through pipes. 28, 31 and

for storage of liquid, a conduit for supplying liquid to
said vessel, a motor valve in said conduit for regulating
Aow of ligquid to said vessel, a flow sensing means in
said conduit, means for operating said motor valve, said

means for operating said motor valve being responsive

to said flow sensing means in such a manner that said
motor valve throttles upoen an increase in the sensed
differential by said flow sensing means and opens wider -

upon a decrease in sensed differential so as to maintain

a substantially constant flow rate, a liquid level con-

troller assambly operatively - disposed in said. vessel

means operatively communicating said liquid level con-

troller assembly and said means for operating. said mo-
tor valve so that said means for operating said motor

valve is also respomsive to said liquid level: controller
assembly, said liquid level controller assembly and said

32 which mcreased flow increases. the suctmn in- plpe a7 75 means opera:tlvely c:01::['1:r.rm]:uc:atmﬂr said hqmd level con-
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troller assembly and said means for operating said mo-
tor valve being adapted to override said flow sensing
means to open said motor valve for unrestricted flow
of Iiquid in said supply conduit to said vessel when said
liquid Ievel controller assembly indicates liquid in said
vessel Is at a level above a predetermined Ievel.

2. A flow controller assembly for controlling flow of
liquid to a vessel comprising, in combination, a vessel
to hold liquid, a supply conduit for passage of liquid
to said vessel, a first motor valve in said supply conduit,
a flow sensing device in said supply conduit, a second
and by-pass conduit communicating said supply conduit
on opposite sides of said first motor valve, said second
conduit comprising a venturi, said venturi being disposed
to pass liquid flowing through said second conduit from
said supply conduit on the side of said first motor valve
opposite said vessel to said supply conduit on the side
of said first motor valve adjacent said vessel, a second
motor valve in said second conduit downstream of said
venturi, means for operating the motor of said second
motor valve, said means being responsive to said flow
sensing device, a third conduit communicating said sec-
ond conduit intermediate said venturi and said second
motor valve with said supply conduit intermediate said
first motor valve and said vessel, a third motor valve
in said third conduit, and a fourth conduit means com-
municating the motor of said first motor valve with the
throat of said venturi in such a manner that upon sensing
an increase in flow said sensing device throttles said
second motor valve thereby restricting flow through said
venturt whereupon said first motor valve throttles, and
upon sensing a decrease in flow said sensing device opens
said second motor valve thereby increasing flow through
said venturi whereupon said first motor valve opens so
as to maintain a substantially uniform flow rate, a lig-
uid level controller assembly disposed operatively in said
vessel, said liquid level assembly communicating with
the motor of said third motor valve in such 2 way as
to open said third motor valve and such opening will
in turn effect the full opening of the first motor valve
when the level of liquid in said vessel is above a pre-
determined level.

3. A flow controller assembly comprising, in combi-
nation, a vessel for storage of liquid, a supply conduit
for passage of liquid to said vessel, a first motor valve
in said supply conduit, a flow sensing device in said
supply conduit, a first by-pass conduit communicating
with said supply conduit on opposite sides of said first
motor valve, a second by-pass conduit also communicat-
ing with said supply conduit on opposite sides of said
first motor valve, a portion of said first by-pass conduit
being common to a portion of said second by-pass con-
duit, second and third motor valves in said first and
second by-pass conduits respectively, a venturi in the
common portion of said by-pass conduits, a fourth con-
duit communicating the throat of said venturi operatively
with the motor of said first motor valve, said flow sens-
ing device being connected operatively with the motor
of said second motor valve in such a manner that upon
sensing an increase in flow said sensing device throttles
said second motor valve thereby restricting flow through
sald venturi whereupon said first motor valve throttles,
and upon sensing a decrease in flow said sensing device
opens said second motor valve thereby increasing flow
through said venturi whereupon said first motor valve
opens S0 as to maintain a substantially uniform flow
rate, a liquid level controller operatively in said vessel,
and a fifth conduit operatively connecting said liquid
level controller with the motor of said third motor valve
in such a manner that when the liquid in said vessel
reaches a predetermined level the third motor valve will
be opened and such opening will in turn effect the full
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opening of the first motor valve for unrestricted flow
mnto the vessel.

4. A flow controller assembly comprising, in combi-
nation, a vessel adapted to hold liquid under atmos-
pheric pressure, a supply conduit for passage of liquid
into said vessel, a first motor valve in said supply con-
duit, an orifice plate flow sensing device in said supply
conduit, a first by-pass conduit communicating with said
supply conduit on opposite sides of said first motor valve,
a second by-pass conduit communicating with said sup-
ply conduit on opposite sides of said first motor valve,
a second normally open motor valve in said first by-pass
conduit, a third motor valve in said second by-pass con-
duit, a portion of said first by-pass conduit being com-
mon to a portion of said second by-pass conduit, a ven-
turi in the common portion of said by-pass conduits, said
venturi being disposed to discharge liquid in the direction
of flow of liquid to said vessel, a fourth conduit com-
municating the throat of said venturi and the motor of
said first motor valve, a separate conduit communicating
said supply conduit on each side of said flow sensing
device with the motor of said second motor valve in
such a manner that upon sensing an increase in flow
sald sensing device throttles said second motor valve
thereby restricting flow through said venturi whereupon
said first motor valve throttles, and upon sensing a de-
crease in flow said sensing device opens said second
motor valve thereby increasing flow through said ven-
turi whereupon said first motor valve opens so as to
maintain a substantially uniform fow rate, a liquid level
controller disposed operatively in said vessel, and a fifth
conduit communicating said liquid level controller with
the motor of said third motor valve for passage of mo-
tive power thereto in such a manner that when the lig-
vid in said vessel reaches a predetermined level the third
motor valve will be opened and such opening will in
turn effect the full opening of the first motor valve for
unrestricted flow into the vessel.

5. A method for minimizing the danger of an explo-
sion resulting from a static electric charge generated at
the surface of liquid hydrocarbon introduced into an
open storage tank, the vapors of said hydrocarbon form-
ing an explosive mixture with the atmosphere in said
storage tank, comprising the steps of introducing said
liquid hydrocarbon into said tank directly at a level near
its bottom at a velocity below which a static charge is
built up at the surface of the liquid in the tank until
the level of liquid in said tank reaches a level above
which a static charee fails to build up at high liquid inlet
velocity, and subsequently automatically increasing the
velocity of liquid being introduced into said tank.

6. A method for minimizing the danger of an explo-
sion resulting from a static electric charge generated at
the surface of liquid hydrocarbon of the nature of jet
fuels and kerosene introduced into an open storage zone,
the vapors of said jet fuels and kerosene forming explo-
sive mixtures with atmospheric air in said storage zone,
comprising the steps of introducing said liquid hydro-
carbon into said storage zone directly at a level near its
bottom at a velocity below which a static charge is built
up at the surface of the liquid in said zone until the
level of liquid in said zone reaches a level above which
a static charge fails to build up at high liquid inlet veloc-
ity and subsequently automatically increasing the veloc-
ity of liquid being introduced into said zone.

References Cited in the file of this patent

UNITED STATES PATENTS

Aug. 27, 1935
June 26, 1945

2,012,362
2,379,215

—ﬂﬂ———iﬁl-—u_—“—t#—




	Drawings
	Front Page
	Specification
	Claims

