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@ Venturi liquid evacuator system for maintaining clear vapor path in vapor recovery hose.

In a coaxial hose system for a fuel distribution system,
a product delivery hose (120) is centrally located within a
vapor recovery hose (82), whereby the area between the
product and vapor hoses provides a return path for vapors
developed at a nozzle during refueling of a vehicle. A venturi
pump (64) is located in the product hose (120) line, and oper-
able over a range of flow rate of the fuel through the product
hose (120}, for sucking fuel back into the product hose (120)
from an area of the vapor path where fuel may accumulate
due to backflow from the nozzle (128), thereby substantially
insuring a clear vapor path and more complete delivery of
metered fuel.
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FIELD OF INVENTION

The field of the present invention relates
generally to vapor recovery systems, and more specifi-
cally to fuel dispensing systems including a venturi
aspirator for removing accumulated fuel from the vapor
path of vapor recovery hoses included in such systems

between the nozzle and meter housing.

In fluid distribution systems, such as
gasoline pumping systems for delivering gasoline to the
fuel tank of the vehicle, environmental protection laws
require that vapors emitted during the fuel dispensing
process be recovered. One such vapor recovery system
includes a vapor recovery hose surrounding a product
hose for delivering fuel to a nozzle, typically the
nozzle of a gasoline pump. Vapors collected from the
vehicle tank at the nozzle end are pushed by positive
pressure which develops within the vehicle tank, nor-
mally called a balanced system, or sucked by a vacuum,
from the nozzle back into the gasoline storage tank of
the product distribution system via the vapor return
path provided by the space between the coaxial product
and vapor recovery hoses. At times liguid fuel may
overflow from the nozzle into the vapor recovery path
of the vapor recovery hose and collect at a low point
in the vapor recovery hose causing partial or total
blockage of the ré%urn patH for the vapors. Even
partial blockage 6f the yagor recovery path of the
vapor hose must be avoided in order to insure the
product or fuel distribution system meets the environ-
mental protection requirements imposed by local, state,

and federal governments.



In U.S. Patent No. 3,863,687, for "Return of
Vapor Condensate Formed in Dispensing Vaporous Liguid",
issued February 4, 1975, the 1invention disclosed
includes a reservoir for collecting condensate from
vapors that are flowing through a vapor return line of
a fuel delivery system. The reservoir is located with-
in the gasoline dispenser housing of the system, remote
from the separate and individual product delivery hose
36, and vapor return line 39. Condensation that forms
in a portion of a substantially overhead vapor return
line 40 partly returns to the reservoir 20, from which
it is returned to the product delivery hose via a pro-
duct operated pump also located within the dispenser
housing adjacent to the reservoir. In one embodiment,
a venturi pump 3 1s used to suck condensate from the
reservoir 1into the product delivery 1line portion
located within the meter housing. No teaching or
suggestion of any apparatus or method for maintaining
the vapor return line hose 39 free of liguid fuel is

made or even alluded to.

The present invention includes venturi pump
means located within the fuel flow path of a product
hose for pumping out or aspirating liquid fuel that may
accumulate in the vapor path of a vapor recovery hose |
that i1s either separate from or coaxial with and sur-

rounding the product hose, and returning this fuel to
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the fuel flowing in the product hose, for maiqtaining
the vapor path of the vapor hose clear for vapor flow

between a nozzle and the metering housing.

In the figures, wherein 1like items are

indicated by the same reference number:

Figure 1 shows an insertion tube liquid

evacuator system for a vapor recovery hose;

Figure 2 is a partial cutaway view of a
nozzle and coaxial hose assembly incorporating one

embodiment of the invention;

Figure 3 is a detailed cutaway view of an

embodiment of the invention;

Figure 4A is a top view of a venturi pump

body of a preferred embodiment of the invention;

Figure 4B is a sectional view along AA of
Figure 4A3;

Figure 4C is an end view taken from the

right of the venturi pump body of Figure 4B;

Figure 5A is a cross-sectional view of a
check valve and filter assembly of the preferred

embodiment of the invention;

Figure 5B is an end view taken from the
right of the check valve and filter assembly of Figure
5A;
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Figure 6A 1is a side view with partial

cutaway of the venturil pump assembly of the preferred

embodiment of the invention;

Figure 6B is an end view from the right of

the venturi assembly of Figure 6A;

Figure 7 is a partial cutaway and exploded

assembly view of the preferred embodiment of the

inventiong;

Figure 8 shows one application of the

present invention in a multiple product dispenser

system; and

Figure 9 shows an alternative embodiment of

the invention.

Figure 1 shows that during refueling of an
automobile 1, the liquid suction pump 15 is energized
to suck away any liquid fuel entrapped in the vapor
recovery line 5 via flexible hose 8. The unwanted fuel
is discharged via outlet port 19 into the lower portion
of the vapor recovery line 13, for return to an under-

ground storage tank, in that example.
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With reference to figure 2, the invention
generally includes a venturi liguid removal éystem 20
incorporated within hose 7 of the coaxial hoses 5, 7
and nozzle 3 assembly of a fuel distribution system. &
flexible tubing 22 is connected to the venturi pump or
aspirator assembly 20, with the free end of the tubing
22 being located in an area of the vapor recovery hose
5 where liquid such as gasoline is expected to accumu-
late due to flowback £from the nozzle 3 during the
dispensing of fuel to a vehicle 1. When fuel flows
through the product hose 7, for delivery through the
nozzle 3 to a vehicle 1, the venturi pump assembly 20
is operative by the flow of fuel to cause liguid .
accumulated in the vicinity of the free end of tubing
22 to be sucked back or aspirated through the tubing
and into the fuel flowing from the venturi assembly 20
into the nozzle 3. 1In this way, the vapor path of the

vapor hose 5 is maintained substantially clear of
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blockage by fuel that may overflow or "spitback" from
the nozzle 3 into the vapor path, thereby permitting
the free flow of vapors from the nozzle 3 back through

the vapor path of vapor hose 5 to a collection point.

One embodiment of the invention is shown in
Figure 3, and includes a venturi assembly 20 mounted
between the inlet end 24 of a nozzle 3 and the product
delivery end 26 of a coaxial hose system, including an
inner product delivery hose 7 surrounded by an outer
vapor hose 5. As shown in this example, the venturi
assembly 20 includes an outer tubular member 21 fabri-
cated from a rigid material, such as appropriate
metals, having threaded end portions 28 for connection
to mating members of the nozzle 3 and vapor hose con-
nection 6 as shown. The venturl pump or aspirator 31
includes a rigid tubular housing 32 shaped as shown
for enclosing a spring loaded poppet valve 34. The
poppet valve 34 has a centrally located rod-like member
36 ideally mounted within a tubular sleeve member 38,
and a spring 40 for providing appropriate spring
biasing of the poppet valve 34. A rigid inlet tube 42
is provided for connecting the inlet hole 44 to the
flexible hose or tubing 22, the latter which can be
fabricated from polyethylene or butyl rubber, for
~example. A flapper valve 46 serving as a check valve
is preferably installed within the inlet tubing 42, for
preventing gasoline or other 1liquid fuel product
flowing through the product hose 7 from being forced
into the vapor path of the vapor hose 5. In other
words, the flapper valve 46 serves to insure that fluid
can only flow in one direction, namely from the vapor
'path of vapor hose 5 to the venturi pump 31. A suit-
able check valve 46 is believed to be a duck bill check
valve manufactured by Vernay Laboratories, Inc., Yellow

Springs, Ohio, 45387, under Vernay Part No. VA3426.
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Also installed in the inlet tubing 42 is a filterx
screen 48 serving to filter out any contamination con-
tained within the fuel sucked back to the venturi pump
31 via the tubing 22, The filter substantially ensures
reliable long-term operation of check valve 46. Ring-
likxe bushing members or spacers 50 are provided for
maintaining the venturi housing 31 centered within the
venturi assembly 20, as shown. The rings or bushings
50 include a plurality of holes or openings 52 for
permitting the free flow of vapors from a nozzle 3 to
the vapor hose 5 as shown. The flexible tubing 22 is
passed through one of the holes in the ring or bushing
member 50 associated therewith. The product hose 7 for
carrying fuel to nozzle 3 is connected to the inlet 54
of venturi 31 via O-ring seals 56, whereby the inlet 54
receives rigid hose connector 8. Similarly, the pro-
duct outlet portion 58 of venturi housing 31 is coupled
to the product inlet 60 of nozzle 3 via O-ring seals
62.

With reference to Figure 3, when the fuel
distribution system is operating to pump product
through the product hose 7 in the direction of the
arrows, the venturi pump or aspirator 31 is operative
to draw- £fluid from areas within the vapor hose 5 where
the fluid may accumulate (see Figure 2), through the
inlet tube 42 and hole 44 for return to the product
stream flowing through the product hose 7, as shown.
The spring loaded poppet valve 34 permits the venturi
pump to draw fluid even at relatively low flow rates of
product. As will be shown, unless it is necessary to
produce adequate suction via the venturi pump 31
throughout a very wide range of product flow rate,
including very low flow rates of product, the spring

loaded poppet valve 34 may not be required.
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As shown, in operation of the embodiment of
the invention of Figure 3, product accumulation in the
vapor hose 5 is removed automatically during normal
fueling of a vehicle, thereby preventing excessive back
pressure on the balanced vapor recovery nozzle 3
because of such product accumulation. Accordingly,
vapor leakage at the nozzle-filler neck (not shown)
between the vehicle 1 gasoline tank and outlet of
nozzle 3 is substantially eliminated. Note that the
venturi pump 31 can be located at any point down stream

of the meter housing 11.

When the spring leoaded poppet 34 is imple-~
mented, the poppet 34 is always located as shown for
opposing the direction of product flow through the
product hose 7 of the coaxial hose system 5, 7. Con-
trolled loading by the spring 40 produces a small cross
sectional flow area and consequent high velocity of
product past the inlet hole 44. The high velocity
product flow produces a low static pressure on the
inlet tube 42, thereby providing the suction for
aspirating accumulated product out of the vapor hose 5.
The one way check valve 46, as previously mentioned,
~ prevents product from being pumped into the vapor path
portion of the vapor hose 5 when the fuel is not
flowing or the flow rate is low. Note also, that the
venturi pump 31 can be located within the nozzle
assembly 3, in certain applications. The suction tube
22 would then be routed back from the nozzle 3 to the
best position for removing accumulated product from the
vapor path of the vapor hose 5. Also, the venturi pump

31, in this example, could be placed between the hozzle
'valve housing and filler tube in the vapor recovery

nozzle (not shown). The advantage of this latter
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approach is that at low flow conditions, no pressure
would be applied to the poppet valve 34 or tube orifice
44, whereby the check valve 46 could be eliminated.

A second and preferred embodiment of the
invention is shown in Figures 4A through Figure 7. In
Figure 4A, a top view of the housing of the venturi
pump 64 ultimately developed for use in product by the

inventors is shown.

In Figure 4B, a sectional view taken along
AA of Figure 4A is shown. Note that in this embodiment
of the invention no poppet valve is utilized, accord-
ingly the venturi pump 64 is of a fixed throat design,
in contrast to the variable throat design of Figure 3
provided by the poppet valve 34. The dimensioning of
the venturi chamber of the venturi pump 64 is con-
sidered critical to obtaining a low static pressure at
the orifice 66 sufficient for continuously aspirating
or sucking fluid out of the vapor hose 5 (for example)
over a given range of flow rate of product. The
present inventors designed the venturi pump 64 to pro-
vide low enough static pressure for adequate aspiration
away from the vapor path of the vapor hose 5 over a
product flow rate range of 6.5 to above 10.0 gallons
per minute of gasoline, in this example. Certain criti-
cal dimensions (Dj, Dy, D3, Ly, L, L3, a , and B ) for
rthe venturi pump 64 to provide such operation are dis-

cussed in the following paragraph.

The venturi pump 64 includes as shown in
Figure 4B, an inwardly tapering conical inlet throat 68
relative to the direction of fuel flow having an entry
diameter Dy of 0.53 inch, an exit diameter D3 of 0.213
inch, an angle @ of 12 degrees 15 minutes with its

longitudinal axis 70 measured from its exit end, and a
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length L with respect to its longitudinal axis 70 of
0.720 inch, a central cylindrical portiom 72 having a
length of 0.10 inch, and a diameter equivalent to the
exit diameter Dy of the inlet throat 68. The inlet
port 66 for the venturi pump 64 includes a hole through
the wall of the cylindrical portion 72, having a 0.062
inch diameter. The venturi pump 64 further includes an
outwardly tapering conical outlet throat 74 having an
entry diameter equivalent to the diameter of cylin-
drical portion 72 or the exit diameter Dy of the inlet
throat 68, an exit diameter D3 of 0.50 inch, a length
L3 with respect to its longitudinal axis 70 of 2.07
inches, and an angle B of 4 degrees with its longi-
tudinal axis 70 measured from its entry end adjacent
cylindrical portion 72. The reduced portions of the
body of the venturi pump 64 associated with the outlet
throat 74 includes sections 76 and 78 having diameters
of Dg, and Dg, respectively, which are dimensioned for
connection or coupling to a particular nozzle or hose
assembly. Obviously, the overall outer configuration
and dimensioning of the venturi pump 64 may be tailored
“to or adapted for the particular mounting configuration
and application. Also in this example, preceding the
inlet throat 68 is a coupling section 80 configured for
coupling to a coaxial hose assembly 82 as shown in
Figure 7, in this example. The coupling section 80
includes two raceways 84 and 86 for receiving "O" rings
88 as shown in Figure 6A. A chamfer 91 is included at
the entry of the coupling chamber 80 portion of venturi
pump 64. Also, a stud like projecting portion 90 is
included in the venturi pump 64 housing, and has a hole

92 for receiving a groove pin 94, as shown in Figure
.GA, wherein the groove pin 94 is pressed into the hole
92. Another stud like projecting portion 96 is
included in the housing configuration for venturi pump

64, having a hole 98 partially through this portion 96
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and intersecting the inlet hole 66, as shown. A
chamfer 100 is included at the entry to the hole 98.
Hole 98 provides the inlet port for venturi pump 64. In
Figure 4C an end view of the venturi pump 64 taken from
the inlet throat 68 is shown.

With further regard to the example of the
preferred embodiment of the invention, a check valve
and filter assembly 102 is provided as shown in Figure
5A. The check valve 104 is identical to the check or
flapper valve 46 of Figure 3, in this example, and as
previously mentioned is manufactured by Vernay Labora-
tories, Inc., Yellow Springs, Ohio, USA under Vernay
Part No. VA3426. A cap like filter screen 106 is also
included for serving the same function as filter 48 of
Figure 3. The outlet end 108 is coupled to the inlet
hole or port 98 of venturi pump 64. The ‘other end 110
is configured for coupling to a flexible tube 112, as
shown in Figure 7. An end view of the filter assembly

102 taken from the end 110 is shown in Figure 5B.

In Figure 6A, the venturi pump 64 is shown
in its assembled configuration with check valve and
filter assembly 102, and including "O"-rings 88, and
groove pin 94. An end view of the assembly taken from

the inlet 68 end is shown in Figure 6B.

In Figure 7, a partially exploded, partially
cutaway assembly view is shown of one application of
the subject invention. The flexible product return
tubing 112 is clamped to the check valve and filter
assembly 102 via a tubing clamp 114. The other end of
the product return tubing 112 is clamped via another
tubing clamp 114 to a suction héad 116 as shown. Clamps
118 are used for securing the product return tubing 112

and suction head 116 to the product hose 120, for
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example. Outer vapor hose 122 surrounds the product
hose 120, to form a coaxial hose assembly 82. One end
of this coaxial hose assembly 82 is rigidly connected
to a coupling connector 124 for connection to the pro-
duct feed and vapor return lines of a fuel dispensing
system (not shown), for example. The other end of the
coaxial hose assembly 82 is coupled to another coupling
connector 126 for coupling to the venturi pump 64, and
nozzle 128. The coupler 126 includes an "0O"-ring seal
130, as shown. The tube like projection 132 of coupler
126 is dimensioned for plugging into the coupling
chamber 80 of venturi pump housing 64, whereby groove
pin 94 of venturi pump 64 is insertable into a guide
pin hole of the spacer 133 (this hole is not shown}.
Spacer 133 is fixed to product hose 120 with set screws
(not shown); Rotation of venturi pump 64 with respect
to product hose 120 is prevented by the coupling be-
tween groove pin 94 and the hole in spacer 133. A
similar antirotation device is provided in coupling
124 to prevent rotation of product hose 120 with
respect to coupling 124 which is rigidly fixed to
dispenser 136. The vapor recovery path 134 is provided
by the area between the inner product hose 120, and the
outer vapor hose 122. The suction head 116 is located
and maintained in an area of vapor hose 122 (via the
previously described antirotation mechanisms) where
liguid fuel is expected to accumulate from "spit back™

or "over flow™ from the nozzle 128, as previously-

explained.

Depending upon the application, many dif-
ferent assembly configuration designs may be used to
incorporate the present invention for use in a liquid

removal system. The description of the application of
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the present invention as included herein is meant for
the purpose of example only, and is not meant to be

limiting.

In Figure 8, a typical multi-product dis-
penser system for liquid fuel is shown. 'Assuming that
the hoses shown are outer vapor hoses 122, as shown in
Figure 7, connected to nozzles 128, venturi pumps 64
are located as shown in Figure 7 near the base of the
nozzles 128. The dimension "A" represents in this
example the positioning for the suction head 116 in the
coaxial hose assembly 82. This dimension "A" is
determined in consideration of the usual low point of
the coaxial hose assembly 82 during the refueling of a
vehicle. The gasoline pump housing 136 includes the

usual meters 138, and so forth.

Although particular embodiments of the
present invention for maintaining a clear vapor path in
a vapor recovery hose of a fuel distribution system
have been shown and described, other embodiments may
occur to those of ordinary skill in the art which fall
within the true spirit and scope of the appended
claims. For example, as shown in Figure 9, an altern-
ative embodiment of the invention may include a pump
means for non-coaxial product and vapor hoses, whereby
a rigid housing 140 installed between the nozzle 141,
product hose 142 and vapor hose 143 includes.a venturi
pump 144, similar to venturi pump 64, located in the
fuel flow and a vapor flow path 145 for passing vapor
from the nozzle 141 to the vapor hose 143, A rigid
tube 147 located in the vapor flow path 145 connects
the venturi pump throat opening 146 with a flexible
tube 148 whicﬁ terminates at an area of the vapor hose
143 where fuel is expected to accumulate. A check

valve and filter assembly (not shown) similar to the
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check valve and filter assembly 102 used with venturi
pump 64 is installed in a suitable location between the

venturi pump throat opening 146 and the flexible tube
148..
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CLAIMS:
1. A fuel dispensing system comprising:
nozzle means for dispensing fuel;

a product hose for delivering fuel from a

storage tank to said nozzle means via a pump;

a vapor recovery hose connected to said
nozzle means for providing a vapor path, for removing
vapors developed at said nozzle means during the

fueling of a vehicle; and

pump means located in a fuel flow path of
said product hose, and operable by and over a range of
flow rate of said fuel through said product hose, said
pump means including means for sucking fuel into said
product hose from an area of said vapor path where fuel
may accumulate due to backflow from said nozzle means,

thereby substantially ensuring a clear vapor path.

2. The fuel dispensing system of claim 1,
further including said vapor recovery hose coaxial with

and containing said product hose.

3. The fuel dispensing system of claims 1
or 2, wherein said means for sucking fuel of said pump
means includes an inlet port coupled via tubing means
to the area of said vapor path of said vapor recovery

hose where liquid may accumulate.

4, The fuel dispensing system of claim 3,

wherein said pump means includes venturi pump means.
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5. The fuel dispensing system of claim 2,
further including:

antirotational coupling means for coupling
said pump means in said product hose in a manner pre-
venting rotation of said pump means with respect to

said product hose;

said means for sucking of said pump means
including an inlet port coupled via tubing means to the
area of said vapor path of said vapor recovery hose
where liquid may accumulate, said tubing means being
secured to the outside circumference of said product
hose, whereby said antirotational coupling means
further provides for substantially maintaining the

positioning of said tubing means in said vapor path.

6. The fuel dispensing system of claim 4,
wherein said venturi pump means further includes spring
loaded poppet means within a throat-like constricted
area therein, for substantially maximizing the suction

force in the low-flow rate range of pumping said fuel.

7. The fuel dispensing system of claim 4,
further including check valve means between said inlet
port and said tubing means for preventing fuel flowing

from said venturi pump means to said tubing means.

8. The fuel dispensing system of claim 7,
further including filter screen means located between
said check valve means and said tubing means, for
"filtering suctioned fuel prior to its passage through
said check valve means, thereby substantially ensuring

long-term reliable operation of the latter.
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9. The fuel dispensing system of claim 4,

wherein said venturi pump means includes:

an inwardly tapering conical inlet throat
relative to the direction of fuel flow having an entry
diameter of 0.53 inch, a throat diameter of 0.213 inch,
an angle of 129 15' with its longitudinal axis measured
from its throat end, and a length with respect to its
longitudinal axis of 0.720 inch, a central cylindrical
portion having a length of 0.10 inch, and a diameter
equivalent to the exit diameter of said inlet throat,
said inlet port for said venturi pump means including a
hole of 0.062 inch diameter through a wall of said

cylindrical portion; and

an outwardly tapering conical outlet throat
having an entry diameter equivalent to that of said
cylindrical portion, an exit diameter of 0.50 inch, a
length with respect to its longitudinal axis of 2.070
inches, and an angle of 4© with its longitudinal axis

measured from its entry end;

said central cylindrical portion connecting
the exit end of said inlet throat to the entry end of
said outlet throat, in a manner providing a common

longitudinal axis therebetween.

10. The fuel dispensing system of claim 4,
further including antirotation means for coupling said
venturi pump means in said product hose in a manner
preventing rotation of said venturi pump means with
respect to said product hose, thereby substantially
ensuring that the positioning of said tubing means is
maintained in the area of the vapor path of said vapor

recovery hose where liquid fuel may accumulate.
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