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1

VAPOR RECOVERY SYSTEM FOR FUEL
DISPENSER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This 15 a continuation of application Ser. No. 07/968,449,
filed Oct. 29, 1992, now abandoned.

RELATED APPLICATION

U.S patent application entitled “Vapor Recovery System
For Fuel Dispenser’” fled on Dec. 4, 1989, the name of Roger
W. Furrow and Kenneth L. Pope, and bearing Ser. No.
07/445,384.

FIELD OF THE INVENTION

The field of the present invention relates generally to fuel
dispensers, and more particularly to vapor recovery systems
for use when dispensing a volatile fuel such as gasoline.

BACKGROUND OF THE INVENTION

In fuel dispensing systems, such as these used for deliv-
ering gasoiine to the fuel tank of a vehicle, environmental
protection laws require that vapors emitted from the tank
during the fuel dispensing process be recovered. Fuel is
custormartly delivered through a nozzle via a fuel hose and
vapors are recovered from the nozzle via a vapor hose that
conveys the vapor to the main supply tank from whence the
fuel came. In what is referred 10 as a balanced system, the
vapon are forced through the vapor hose by the positive
pressure created in the vehicle tank as the fuel enters it. In
other systems the vapor is sucked from the vehicle tank by
a vapor recovery means connected to the vapor hose and
forced into the supply tank.

In some systems, such as that described in the U.S. Pat.
No. 4,223,706 to McGahey, mechanical means are used for
controlling the relative volumetric flows of the fuel deliv-
cred to a nozzle by a fuel delivery means and of the vapor
recovered by the suction of a vapor recovery means. In
McGahey, the liquid fuel fiow itself is used to drive a vapor
pump. This usuaily causes a reduction in the fuel delivery
ralc which i1s inconvenient for the user. In U.S. Pat. No.
3,826,291 to Steffens, the vapor pump is calibrated so as to
move a volume of vapor essentially equal to the volume of
liquid flowing through the meter which measures the flow of
fuel.

Unfortunately, these and other systems using mechanical
controls generally cannot be adjusted so as to adapt to
changing environmental conditions such as changes in tem-
perature and/or to changes in operation. It is also difficult for
such systems {0 accommodate additional controls or fea-
tures, some of which may not even be known at the time of
their manufacture.

BRIEF SUMMARY OF THE INVENTION

In accordance with this invention, the volumetric flow of
a vapor recovery means is controlled by programmed micro-
pressor means. Electrical signals are derived that are related
in a known way to the volumetric flow of the fuel delivery
means and applied to a microprocessor. The microprocessor
then determines on the basis of information stored therein
the parameters of an clectrical signal that can be applied to
the vapor recovery means so as to make it have a desired
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volumetric flow. The volumetric vapor flow can be con-
trolled by adjusting the speed of the motor for the recovery
pump contained 1n the vapor recovery means, by changing
its displacement or by controlling the position of a valve or
damper in response to the signal from the microprocessor.

If, 1in accordance with an aspect of this invention, a
stepping motor drives the pump for the vaper recovery
means, the microprocessor controls the repetition rate of the
dnive pulses supplied to the stepping motor so as to cause the
recovery pump to have the desired volumetric flow. If a
ditfcrent recovery pump or motor is used that requires drive
pulses having a different repetition frequency to produce the
desired volumetric flow, it is only necessary to make a slight
change 1n the program controlling the microprocessor.

Whereas the volumetnc flow of the vapor recovery means
may be set equal to the volumetric flow of the fuel delivery
means, there are some conditions such as a difference in the
temperature of the fuel in the vehicle tank and fuel from the
supply tank under which it is desirable to use a volumetric
vapor flow that is different from the volumetric fuel flow. In
accordance with anothcr aspect of [their] this invention,
therefore, an indication is derived as to the volumetric vapor
flow, and the microprocessor compares this indication with
a value of vapor flow that is normally expected and makes
the required adjustment.

In one embodiment, a transducer generates an electrical
signal correspondling to the hydraulic pressure at the inlct
side of the pump for the vapor recovery means. Under
average conditions, the pressure will have a desired nominal
value. When 1t is less than this value, the nominal pressure
1§ restored by decreasing the volumetric flow of the vapor
recovery means, and when 1t 1s greater than this value,
nominal pressure is restored by increasing the volumetric
flow of the vapor recovery means. The microprocessor is
programmed to respond to the signal representing the pres-
sure and provide signals for controlling the volumetric flow
of the vapor recovery means. This is particularly easy 1o do
1f, in accordance with this invention, the motor driving the
recovery pump 18 of the stepping type because it is driven al
a speed determined by the repetition rate of drive pulses, and
this can be casily changed.

Vapor recovery systems constructed as briefly described
above permit the attainment of faster fuel delivery and
grealer ¢fficiency, and make it casier to handle the hose.
Furthermore, expensive vapor processing units, which are
required when the vapor and liguid volumetric flow rates are
not the same arc not required.

BRIEF DESCRIPTION OF THE DRAWINGS

Various preferred embodiments of the present invention
wil be described below with reference 1o the accompanying
drawings in which like items are indicated by thc same
reference designations, and in which:

FIG. 1 is a cutaway view of one embodiment of the
present invention.

FIG. 2 i1s a cutaway view of another embodiment of this
invention.

FIG. 3 shows the metering pulses used to indicate the
volumetric flow of liquid being dispensed or delivered.

FIG. 4 shows dnive pulses used to drive the motor for the
recovery pump.

FIG. 3 1s a flow chart illustrating the operation of the
embodiments of FIG, 1 and FIG. 2.

DETAILED DESCRIPTION OF THE
INVENTION

In the embodiment of the invention shown in FIG. 1, a
hose 2 cxtends from a fuel dispensing pump housing 4 to a
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nozzle 6. Although not shown, the nozzle 6 has an outlet
tube that is inserted in the inlet pipe for the gas tank of the
automobile 8, and an accordion-like nose 10 that is coaxial
with the inlet pipe forms a seal with the pipe so that any
liquid and vapor that emanate from the pipe during the
dispensing procedurc will be conducted to a chamber or
space 12 formed between a liquid delivery hose 14 and an
ouler hose 16 coaxial therewith. As described in U.S. patent
application Ser. No. 07/445,384, a liquid and vapor recovery
tube 18 is inserted to an expected low point in the chamber
or space 12 formed between the delivery hose 14 and the
associated outer hose 16. The tube 18 has such a small
internal diameter that vapor passes through it with enough
velocity to entrain liquid fuel. The end of the hose 16 that is
remote from the nozzle 6 is sealed at a coupler 20. The liguid
or fuel delivery hose 14 and the vapor recovery tube 18 pass
into the pump housing 4 through a wall 22 that seals the end

of the hose 16, that is joined to the coupler 20.

Inside the pump housing 4 the liquid delivery hose 14 1s
connected to a flow meter 24 that is connected via a
mechanical connection indicated by a dashed line 26 to a
pulser 28. The speed of the flow meter 24 causes the pulser
28 10 deliver pulses proportional to the volume of liquid
flowing through inner hose 14 to microprocessor 34. The
volumetric flow of a fuel delivery pump 32 that pumps fucl
from a main supply tank, not shown, via a pipe 30 (o the
meter 24, is changed as the operator manually changes the
opening in the nozzle 6. The pump 32, a motor 33 that drives
it, and the manual control just described, constitutes a fucl
delivery means.

The vapor recovery tube 18 is coupled to the inlet side of
a vapor recovery pump 36, and a transducer 38 produces an
electrical signal indicative of hydraulic pressure at that point
that is conveyed to the microprocessor 34. Vapor and liquid
withdrawn from the chamber 12 via the recovery tube 18 and
the recovery pump 36 are conveyed to the underground
supply tank, not shown, via a tube 40.

The vapor recovery pump 36 is preferably of the displace-
ment type in which volumetric flow is directly proportional
to the speed of operation. The pump 36 is mechanically
driven via a shaft 42 by an eclectrical motor 44 that 1s
preferably of the stepping type. The pump 36 and the motor
44 constitute a vapor recovery means. A drive pulse source
46 supplies drive pulses to the motor 44 at a repetition rate
controlled by the microprocessor 34. The housing 4 1s
divided into upper and lower sections by a vapor barmer
pancl 48, and the only clectrical component below 1t is the
pressure transducer 38 that may easily be made explosion
proof.

Before discussing how the embodiment of FIG. 1 opert-
ates, reference is made to the differences of a very similar
embodiment shown in FIG. 2, The principal differenccs are
that the coaxial hose 16 is eliminated so as to make handlhing
easier and that both the liquid delivery hose 14 and the vapor
recovery tube 18 extend to the nozzle 6. As seen from the
patents referred to, the nozzle 6 contains a chamber, corre-
sponding in function to the chamber 12 of FIG. 1. The
recovery tube 18 extends into the low point of the chamber,
however formed, and sucks up any vapor or liquid therein.
The operation of FIGS. 1 and 2 is as follows. Assume that
the signal supplied by the pulser 28 is a series of pulses 47
as shown in FIG. 3, and that they have a repetition ratc F
proportional to the volumetric flow in the delivery hose 14.
Also, assume that a series of pulses 49 shown in FIG. 4 have
a repetition rate V that is equal to the repetition rate F. Pulses
49 are applied to the motor 44 for the recovery pump 36 so
as 10 causc the latter to have the same volumetric flow for
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vapor and entrained liquid as occurs for fuel in the delivery
hose 14. The pulses 47 and 49 could have different repetition
rates for the same volumetric flow, in which case mcans for
changing the repetition rate of the pulses 49 could be used
or the microprocessor 34 could be suitably programmed.

Reference is now made to the flow chart of FIG. 5 for an
explanation of operation. The input fuel pulses 47, step 45,
are [ed to a decision block 50. If the decision block 50 finds
that the repetition rate F is 0, no fuel is being delivered so
that no vapor pulses 49 are gencrated and no vapor is
recovered. The procedure then loops back to the beginning
of the chart as shown by the fecdback. But, if the decision
block 50 finds that F>0, the microprocessor 34 causcs the
drive pulse source 46 to supply drive pulses 49 having a
repetition rate V=F (see step 54) to the motor 44 that drives
the recovery pump 36. At this point in the process, the
volumelric flow of vapor drawn through the recovery tubc
18 by thc recovery pump 36 is the same as the volumetric
flow of liquid fuel via the delivery tube 14 to the nozzle 6.
Under some conditions this is satisfactory so thal the process.
reverts to the starting point as [indicted] indicated by the
dashed line 55.

Whereas the system thus far described works well under
some conditions, improved operation is obtained under other
conditions by making the volumetric vapor flow greater or
less than the volumetric fuel flow. If the temperature of the
fuel delivered to the vehicle tank is the same as the tem-
perature of the fuel in the vehicle tank, satisfactory operation
may be attained by making the volumetric flow of the vapor
recovery means equal to the volumetric fuel flow, but, 11 for
example, the fuel in the vehicle tank is cooler, i1t will be
warmed up as the delivery continues so as 10 produce morc
vapor than it would if the temperatures were the same so that
the volumetric flow of the vapor recovery means 36, 44
should be increased. The inversc of this situation occurs if
the temperature of the fuel in the vehicle tank is warmer than
the fuel being delivered.

In the embodiments of the invention shown in FIGS. 1
and 2, a pressure transducer 38 provides a signal P corre-
sponding to the pressure at the inlet of the vapor recovery
pump 36. With any given design, P would have a known
nominal value X if the volume of vapors emitted from the
tank equalled the volume of fuel being delivered, as mighi
be the case if the temperature of the fuel in the vehicle tank
and the fucl being delivered were the same. But, if the
volume of vapor is greater than the volume of fuel being
delivered, the pressure P would be greater than X, and
conversely, if the volume of the vapor is less than the volume
of the fuel being delivered, P would be less than X. Referring
apain 10 [FIG. 3] FIG. 5, we find the following.

If P=X, as determined by a decision block 58, the recov-
ery pump 38 is considered to be operating at the correct
speed and the repetition rate V is not changed, i.c. V is the
output with V=F as in step 60.

If, however, P<X, the recovery pump 36 is running too
fast, and the repetition rate V of the drive pulses is reduced,
for example, by one pulse a second, step 62, 1.e. 10 (V—1).

In the event that P>X, the pressure P is compared with an
excess pressure Y, as indicaled in a decision block 64.

If P<Y, the repetition rate V is increased, for exampie, by
one pulse a second, 1.e. to (V+1), step 66, but if P>Y, the
dispenser is shut down, via step 52. Thus if P> Y, the
dispenser is shut down.

Means other than those illustrated in FIGS. 1 and 2 could
be used to carry out the various functions.

The recovery pump could be driven by a D.C. motor
rather than a stepping motorin which case the microproces-
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sor 34 could be programmed to provide a signal that would
select an appropriate one of a number of different D.C.
voltages for application to the motor.

Instead of varying the speed of the motor driving the
recovery pump 36, the vapor recovery means 36, 38 could
have a valve or damper that is controlled by the micropro-
cessor 34 so as to suck out the desired volume of vapor.

Whereas the use of the pressure P at the inlet of the
recovery pump 36 is a satisfactory indication of the flow
produced by thc vapor recovery means, other indications
could be used, e.g. a vapor flow meter could provide
electrical signals indicative of the flow.

Although various embodiments of the invention have
been illustrated and described herein, they are not meant to
be limiting. Modifications to these embodiments may
become apparent to those of skill in the art, which modifi-
cations are meant to be covered by the spirit and scope of the
appended claims. For example, in the coaxial hose, the
center hose could be the vapor hose, and the space between
the inner and outer hose can be used to convey fuel in a
system mncluding the invention.

What we claim is:

1. A fuel delivery system including:

fuel delivery means having a variable volumetric flow;

means for providing an electrical signa! indicative of the
volumetric flow of said fuel delivery means;

a vapor recovery [means] pump having a controllable
volumetric flow, said vapor recovery [mecans] pump
having means for sucking vapor at a first end and for
ejecting it at a second end; and

means responsive to said electrical signal for making the
volumetric flow of said vapor recovery {means) pump
the same as the volumetric flow of said fuel delivery
means.

2. A fuel delivery system as set forth in claim 1 further

including:

means for deriving a second electrical signal indicative of
the volumetric flow of vapor in said vapor recovery
[means] pump;

means providing a third clectrical signal indicative of the
volumetric flow of said vapor recovery [means} pump
under given conditions;

means for comparing said second and third signals;

means for increasing the volumetric flow of said vapor
recovery [means] pump if the comparison indicates that
the volumetric flow of said vapor recovery [means}
pump 1s less than the flow under the given conditions;
and

means for decreasing the volumetric flow of said vapor
recovery [means] pump if the comparison indicates that
the volumetric flow of said vapor recovery [means]
pump is greater than the flow under the given condi-
tions.

3. A fuel delivery system as set forth in claim 2 wherein:

the signal indicative of the volumetric flow of said vapor
recovery [means] pump corresponds to a pressure at the
first end of said vapor recovery [means] pump.

4. A fuel delivery system as set forth in claim 3, further
including:

means for reducing the volumetric flow of said fuel

delivery means to zero if the signal representing said
pressure exceeds a given valuc.

5. In a system for delivering vaporizable liquid into an
opening of a tank in such manner as to recover liquid and
vapor that escapes from the opening, the combination com-
prising:
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a delivery hose;

a nozzle connected to one end of said delivery hose for
controlling the flow of said liquid inio said tank;

first pumping means coupled to the other end of said
delivery hose;

means coupled between said delivery hose and said
pumping means for providing a first electrical signal
representing the volumetric flow of fuel through said
delivery hose;

a recovery hose;

second pumping means coupled to said recovery hose for
drawing vapor through said recovery hose;

transducer means coupled to an inlet of said sccond
pumping means for providing a second electrical signal
representing a hydraulic pressure in said recovery hose;
and

control means for said second pumping means including
an electrical signal processor, said control means being
responsive to said first electrical signal for initially
making the volumetric flow of said second pumping
means equal to the volumetric flow in said delivery
hose and responsive to said second electrical signal for
modifying the volumetric flow of said second pumping
means as required 1o maintain said hydraulic pressure
in said recovery hose within a given range of values.
6. In a system for delivering liquid into an opening of a
tank 1n such manner as to recover vapor that may emanale
from said opening, the combination comprising:
a liguid delivery hose;
a first pump coupled to said delivery hose so as to be
capable of forcing a flow of liquid through it;

a recovery hose;

a second pump coupled to said recovery hose so as to be
capabie of withdrawing a flow of liquid and vapor
through tt, said second pump having an inlet side;

signalling means for providing an electrical signal indica-
tive of the volumetric flow in one of said hoses; and

control means responsive {o said signal for controlling the
one of said pumps coupled to the other hose in such
manner that it produces the same volumetric flow in
said other hose as that in said one hose.

7. The combination as set forth in claim 6, wherein:

said signalling means provides an electrical signal in the
form of indicator pulses having a repetition rate corre-
sponding to the volumetric flow in said onc hose;

a motor for driving the one of said pumps coupled to said
other hose, said motor having a speed corresponding to
the repetition rate of dnve pulses applied to ii;

drive means for supplying drive pulses to said motor; and

satd control means responding to said indicator pulses to
make the drive means provide drive pulses having the
required repetition rate.

8. The combination as set forth in claim 7, wherein the
required repetition rate of drive pulses to said motor is the
same as the repetition rate of the indicator pulses.

9 The combination as set forth in claim 6, further
comprising:

means coupled to an inlet side of said second pump for

providing a sccond signal indicative of the pressure
thereat; and

means for maintamning the volumetric flow of said second
pump at the same value 1f the second signal indicates
that the pressure equals a nominal value.

10. The combination as sel forth in claim 6, further

comprising:
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means coupled to an inlet side of said second pump for
providing a second signal indicative of the pressure
thereat; and

means responsive to said second signal for reducing the
volumetric flow of said second pump if the second
signal indicales a pressure less than a nominal value.

11. The combination as set forth in claim 6, [urther

cCOmprising:

means coupled to an inlet side of said second pump, for
providing a second signal indicative of the pressurc
thereat; and

means responsive to said second signal for increasing the
volumetric flow of said second pump if the second
sipnal indicates a pressure greater than a nominal value
and less than an excessive value.

12. The combination as set forth in claim [7] 10, [further
comprising means for preventing] wherein said control
means prevents delivery of liquid if [a second signal indi-
cates a pressure] said pressure is greater than an excessive
value.

13. In a system for delivering vaporizable liquid into an
opening of a tarnk in such manner as to recover liquid vapor
that may emanaic from said opening during delivery, the
combination comprising:

a liquid delivery hose;

a liquid delivery pump coupled to said delivery hose;

metering means coupled to one of said delivery hose and

said delivery pump for providing pulses occurring al a
repctition rate corresponding to the volumetric flow of
liquid through said delivery hose; a recovery hose for
liquid and vapor;

a recovery pump, a motor coupled to drive said recovery

pump, said recovery pump producing a volumetric flow

through said recovery hose corresponding to a repeti-
tion rate of drive pulses applied to said motor;

a source of drive pulses that may be varied in repetition
rate coupled to said motor; and

processor control means responsive to the pulses provided
by said means for metering, for controlling the repeti-
tion rate of drive pulses provided by said source of
drive pulses so as to cause said rccovery pump to have
the same volumetric flow as said liquid dehvery pump.
14. In a system for delivery vaporizable liquid inio an
opening of a tank in such manner as to recover liquid and
vapor that may emanate from said opening during delivery,
the combination comprising:
a liquid delivery hose;

a pump coupled to said delivery hose 50 as to be capable
of forcing a flow of liquid through 1t;

a vapor reccovery hose;

a pump coupled to said vapor recovery hose so as to be
capable ol withdrawing a flow of vapor and liquid
through it;

means for providing an electrical signal indicative of the
volumetric flow in said delivery hose; and

means responsive 1o said signal for controlling said recov-
ery pump in such manner that it produces a flow in said
recovery tube having the same volumetric rate as the
volumelric rate in said delivery hose.

15. In a system for delivering vaporizable liquid 1nto an
intake pipe of a tank in such manner as to [recovery] recover
fumes or liquid emanating thereform during the delivery
process, the combination comprising:

a liquid delivery hose;
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means coupled to said delivery hose for providing elec-
trical indication of the volumetric flow through 1t;

a chamber for collecting any fumes or liquid emanating
from the intake pipe when coupled thereto;

a recovery tube communicating with said chamber;

a recovery pump of the displacement type, commumcat-
ing with said recovery tube; and

means responsive to said electrical [indications] indica-
tion for driving said recovery pump at a speed such that
it has a derived volumetric flow as the volumetric flow
in said delivery tube.

16. A fuel delivery system including:

fuel delivery means having a variable volumetric flow;

means for providing an electrical signal indicative of the
volumetric flow of said fuel delivery means;

a vapor recovery means having a controllable volumetric
flow, said vapor recovery means having a variable
speed pump for sucking vapor at a first end and for
ejecting it at a second end,;

and means responsive to said electrical signal for driving
the pump at a speed to make the volumetric flow of said
pump be derived from the volumetric flow of said fuel
delivery means.

17. A fuel delivery system as claimed in claim 16 further
comprising a fuel dispenser housing and wherein said fuel
delivery means includes a liquid fuel delivery path including
a pump to pump liquid from a fuel reservoir along said path
to a hose for conveying liquid which is attached to said
housing and which terminates in a nozzle, and

a vapor recovery path including a vapor recovery hose
portion located within said liguid-conveying hose from
said nozzle to said housing so that the space between
the vapor recovery hose and the liquid-conveying hose
can be used to convey liquid fuel from said housing to
said nozzle, as vapor is returned from said nozzle to
said housing.

18. In a system for delivering vaporizable liquid into an
intake pipe of a tank in such manner as (o recover fumes or
liquid emanating therefrom during the delivery process, the
combination comprising:

a liquid delivery hose terminating in a nozzle;

means coupled to said delivery hose for providing an
electrical indication of the volumetric flow through said
delivery hose;

an intake port in said nozzle for collecting any fumes
emanating from the intake pipe when coupled thereto;

a recovery tube communicating with said intake port;
a recovery pump communicating with said recovery tube;

and means responsive to said electrical indications jor
driving said recovery pump at a speed such that it has
a volumetric flow derived from the volumetric flow in
said delivery hose.

19. A vapor recovery fuel dispenser comprising

a liquid fuel delivery means including means for mont-
toring the flow rate of the liquid fuel being delivered
and outputting a control signal indicative of the liquid
flow rate,

a vapor recovery apparatus tncluding a vapor recovery
line through which vapor to be recovered is transported
and a variable speed pump to pump vapor through said
vapor recovery line, and

an electrical control for said variable speed pump 10
control the speed of said pump and, in turn, the rate of
vapor pumping to correlate with said control signal
indicative of the liquid flow rate.
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20. A method of liquid fuel delivery including:
delivering fuel with a variable volumetric flow;

providing an electrical signal indicative of the volumelric
flow of the fuel delivery;,

withdrawing vapor at a first end of a pump driven by a
variable speed motor having a controllable volumetric
flow and ejecting it at a second end; and

controlling the volumetric flow rate of the vapor as
derived from the electrical signal by controlling the
speed of the motor.

21. A fuel delivery method as claimed in claim 20 com-
prising the preliminary step of providing a coaxial hose
having inner and outer pathways through which to deliver
fuel and withdraw vapor and

said fuel delivering step comprises delivering the fuel
through the outer pathway of the coaxial hose, and

said vapor withdrawing step comprises withdrawing the

vapor through the inner pathway of the coaxial hose.

22. In a process for delivering vaporizable liquid into an
opening of a tank in such manner as o recover vapor that %V
may emanate from the opening, the combination compris-
ing:

pumping a flow of liquid through a delivery hose with a

first pump;

withdrawing a flow of vapor through the recovery hose

with a second pump driven by a motor to produce a
volumetric flow through the recovery hose correspond-
ing to a signal appiied to the motor;

providing pulses occurring at a repetition rate corre-
sponding to the volumetric flow of liquid through the
delivery hose; and

controlling the signal applied to the motor responsive to
the pulses, to cause the recovery pump to have a
volumetric flow derived from the volumetric flow of the
ltquid delivery pump.

23. A fuel delivery system including:

fuel delivery means having a variable volumetric flow;

means for providing an electrical signal indicative of

the volumetric flow of said fuel delivery means; vapor
recovery means having a controliable volumetric fiow,
said vapor recovery means having a positive displace-
ment pump and a variable speed motor arranged to
drive said positive displacement pump for sucking
vapor at a first end and for ejecting it at a second end,

and

a controller responsive to said electrical signal for mak-
ing the speed of said motor be derived from a value of
the volumetric flow of said fuel delivery means without
withdrawing excess air.

24. A fuel delivery system as claimed in claim 23, wherein
said vapor recovery means includes a variable speed vapor
pump capable of pumping a variable volumetric rate of
vapor and said controller varies the pumping speed of the

pump.
25. A fuel delivery system including: 55

a dispensing nozzle having a gas outlet and a vapor inlet;

a fuel conduit connecting the gas outlet of the dispensing
nozzle to a fuel supply;

a fuel pump for delivering fuel to the dispensing nozzle
through the fuel conduit;

a flow meter disposed in the fuel conduit for sensing the
flow rate of the fuel and for generating an electrical
signal indicative of the flow rate of the fuel,

a controller operatively connected to the flow meter for 65
generating a control signal derived from the electrical
signal from the flow meter;
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a vapor conduit connected to the vapor inlet of the nozzle
for directing vapor from the dispensing nozzle,

a variable flow control unit including a vapor pump for
drawing vapor through the vapor conduit; and

a stepper motor operatively connected to the flow control
unit and responsive to the control signal from the
controller for controlling the flow rate of the vapor

through the flow control unit.
20. The fuel delivery system of claim 25 wherein the

slepper motor drives the vapor pump and is operative (o
vary the speed of the vapor pump in response o the control
signal.

27. The fuel delivery system as claimed in claim 25
wherein the variable flow control unit withdraws vapor
withou! air.

28. A method of delivering fuel including:

pumping fuel from a fuel supply through a conduit and out
of a nozzle having a fuel outlet and a vapor inlet;

returning vapor from the vapor inlet of the nozzle though
a vapor condutt

sensing the flow rate of the fuel through the conduit to
generate an electrical signal indicative of the flow rate

of the fuel,

generating a control signal derived from the electrical
signal;

drawing vapor through the vapor conduit; and

actualing a stepper motor responsive to the control signal
to control the flow rate of the vapor through the flow
control unit.

29. The fuel delivery method of claim 28 wherein the

actuation of the stepper motor drives a vapor pump to vary
the speed of the vapor pump in response to the control

signal.
30. The fuel delivery method as claimed in claim 28
wherein the vapor drawing step withdraws vapor without

air.

31. A fuel delivery system comprising:

a dispensing nozzle having a liquid fuel inlet, a liquid fuel
outlet, a vapor inlet and a vapor outlet;

a first conduit having a first end adapted for connection

o a fuel pump associated with a fuel storage tank and
a second end at said liquid fuel inlet of said nozzle;

a vapor pump having a vapor inle! and a vapor outlet;

a second conduit operatively connected between said
nozzle vapor outlet and the vapor inlet of said vapor

pump;
a third conduit having a first end operatively connected to

said vapor outlet of said vapor pump and a second end
adapted for connection to said fuel storage tank;

a means for providing electrical signals respresentative of
Juel flow rate through said first conduit, and

drive means operatively connecied to said vapor pump so

as to drive it lo produce a desired vapor flow rate in

response lo said electrical signals derived from said
means for providing electrical signals.

32. In a system for delivering vaporizable liquid into an

intake pipe of a tank in such manner as 1o recover fumes

emanating from the tank during the delivery process, the

combination comprising:
a liquid delivery path terminating in a nozzle;

a meter coupled to said delivery path and driving a pulser
that generates pulses indicative of the volumetric flow
through said delivery path,
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an intake port in said nozzle for collecting fumes ema-
nating from the intake pipe when coupled thereto;

a recovery path communicating with said intake port,

an electrically driven variable speed vapor pump
arranged to pump vapor along said recovery path; and

a control responsive to said pulses and outputting an
electrical signal to drive said variable speed pump at a
speed such that it has a volumetric flow derived from
the volumetric flow in said delivery path.

33. A vapor recovery fuel dispenser comprising

a liquid fuel delivery apparatus including a device that
monitors the flow rate of the liquid fuel being delivered
and outputs a first control signal indicative of the liquid
flow rate,

10
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a vapor recovery apparatus including a vapor recovery
line through which vapor to be recovered is transported
and a variable speed pump to pump vapor through said
vapor recovery line,

a sensor that monitors the vapor being recovered and
outputs a second control signal affected by the vapor
flow rate, and

a control for said variable speed pump to control the rate
of vapor pumping to correlate with said control signal
indicative of the liguid flow rate and to compensate for
deviations indicated by said second control signal.
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