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(54) Vapour recovery regulation

(57) A vapour recovery system for recovering fuel
vapour from a vehicle tank (18) has a vapour recovery
line (6) with a vapour pump (7) for transporting a stream
of fuel vapour (V), and control means (2) for controlling
the stream of fuel vapour (V). The vapour line (6) com-

prises a temperature sensor (8) arranged for measuring
a temperature (T) of the fuel vapour. The control means
(2) determine how much a value representing the meas-
ured temperature (T) deviates from a reference value
(T,¢f) @and determine a flow of fuel vapour in dependence
of said deviation.

Fig. 1

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 116 506 A1 2

Description
Technical Field

[0001] The present invention relates to a vapour re-
covery system, a fuel dispensing unit and a method for
recovering fuel vapour from a vehicle tank during dis-
pensing of fuel into the vehicle tank.

Background art

[0002] When filling the fuel tank of a motor vehicle, it
is a common measure to recover the vapour escaping
the tank when filling it with liquid fuel. This measure is
taken for both safety and environmental reasons. The
vapour recovery is achieved, for instance, by arranging
avapour suction nozzle next to the fuel dispensing nozzle
of a pistol grip for filling the tank with fuel. Vapour is then
removed from the tank during filling, at a certain rate,
which is often controlled by the standard rate at which
fuel is dispensed to the tank. Vapour recovery systems
typically comprise a pump for feeding vapour, from the
tank of the vehicle, to the fuel container from which fuel
is fed to the vehicle. This mutual exchange of vapour/fuel
is continuously performed when filling a vehicle with fuel.
[0003] Accordingly, itis quite important that the vapour
recovery system operates properly. This means that
there must be a flow of vapour when vapour shall be
recovered, which is sometimes not the case when cer-
tain, relevant vapour recovery components malfunction.
[0004] Moreover, today some vehicles are fitted with
an on-board refuelling vapour recovery (ORVR) system
which vents the head space in the vehicle tank through
a charcoal-filter, so that the vapour is absorbed by the
charcoal.

[0005] A fuel dispensing unit fitted with a vapour re-
covery system but not able to detect vehicles equipped
with ORVR systems, will waste energy and will ingest
excessive air into the fuel container.

[0006] Today several techniques exist for detecting a
flow of fuel vapour and/or if a vehicle is equipped with an
ORVR system.

[0007] US-5,956,259, for example, discloses a fuel
dispenser system configured to receive a signal from a
vehicle transponder indicative of the presence of an OR-
VR system on the vehicle. If an ORVR equipped vehicle
is detected, the fuel dispenser system deactivates its va-
pour recovery system.

[0008] WO 00/50850 discloses a fuel dispensing unit
incorporating a vapour recovery system having a density
detector for identifying the vapour composition of recov-
ered vapour, and if the vapour is identified as substan-
tially non-hydrocarbon (ORVR equipped vehicle) the op-
erational rate of vapour collection is controlled accord-
ingly.

[0009] A problem with existing fuel dispensers capable
of detecting a flow of fuel vapour and/or ORVR equipped
vehicles is that they are relatively complicated and ex-
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pensive both in respect of construction and production.

Summary of the Invention

[0010] Itis an object of the present invention to provide
an improvement of the above techniques and prior art.
[0011] A particular object is to provide reliable detec-
tion of a flow of fuel vapour, such that it is possible to
determine if a vapour flow is present or not.

[0012] These and other objects as well as advantages
that will be apparent from the following description of the
presentinvention are achieved by a vapour recovery sys-
tem, a fuel dispensing unit and a method according to
the respective independent claims. Preferred embodi-
ments are defined in the dependent claims.

[0013] Hence a vapour recovery system is provided
for recovering fuel vapour from a vehicle tank during dis-
pensing of fuel into the vehicle tank. The vapour recovery
system comprises a vapour recovery line with a vapour
pump for transporting a stream of fuel vapour, and control
means for controlling the stream of fuel vapour. The va-
pour line comprises a temperature sensor arranged for
measuring a temperature of the fuel vapour, the control
means being configured to determine how much a value
representing the measured temperature deviates from a
reference value, and to determine a flow of fuel vapour
in dependence of said deviation.

[0014] The system according to the invention is advan-
tageous in that it offers a convenient manner for detecting
presence of a flow of fuel vapour. The detection is based
on the principle that when a flow is present, the temper-
ature deviation on the temperature sensor is higher in
relation to when no flow is present. The temperature de-
viation is proportional to the flow of fuel vapour.

[0015] Furthermore, tests have shown that the tem-
perature deviation is lower when vapour is recovered
from a vehicle not equipped with ORVR (non-ORVR ve-
hicle) in comparison with when vapour is recovered from
a vehicle equipped with ORVR (ORVR vehicle), i.e. the
temperature deviation is lower when vapour having arel-
atively high hydrocarbon content is recovered in compar-
ison with when vapour having a relatively low hydrocar-
bon content is recovered. Preferably, the control means
may not only determine, but also regulate the flow of fuel
vapour in dependence of the deviation.

[0016] By using the technique described above, the
system according to the invention may potentially provide
secure detection of an ORVR vehicle.

[0017] The value representing the measured temper-
ature may be the derivative of the measured temperature,
the reference value being a reference temperature de-
rivative.

[0018] Optionally, the value representing the meas-
ured temperature may be the measured temperature,
while the reference value is a predetermined temperature
value.

[0019] The temperature sensor may be arranged
downstream the vapour pump, for applying the principle



3 EP 2 116 506 A1 4

that the temperature of a fluid is higher on the feeding
side of a pump in comparison with the temperature of the
fluid on the suction side of the pump, since the pressure
is higher on the feeding side than on the suction side.
[0020] The vapour line may further comprise a second
temperature sensor, wherein the reference value is a
temperature measured by the second temperature sen-
SOr.

[0021] The second temperature sensor may be ar-
ranged in the vapour recovery line upstream the vapour
pump, for measuring a temperature of the fuel vapour,
which provides a very accurate reference temperature
for determining the temperature deviation.

[0022] The control means may further be configured
to determine said deviation by calculating how much the
measured temperature exceeds the reference tempera-
ture, which offers a simple way for determining the tem-
perature deviation.

[0023] The control means may further be configured
to regulate the stream of fuel vapour only in dependence
of how much the value representing the measured tem-
perature deviates from the reference value. This means
that the system is capable of detecting an ORVR vehicle
based on information from one sensor only, or two sen-
sors only in case the reference temperature is provided
by a second temperature sensor. The reference temper-
ature may be read from a predetermined pattern curve
showing the temperature as a function of the flow of fuel
vapour.

[0024] The control means may be configured to: make
a first temperature measurement, by means of the tem-
perature sensor; and make a second temperature meas-
urement, by means of the temperature sensor and after
a predetermined period of time has passed since the first
temperature measurement; said determining of how
much a value representing the measured temperature
deviates from a reference value comprising determining
a difference between the two temperature measure-
ments, and comparing said difference with the reference
value.

[0025] According to another aspect of the invention, a
fuel dispensing unit for refuelling vehicles is provided,
comprising a vapour recovery system according to
above.

[0026] According to yet another aspect of the inven-
tion, a method is provided for regulating recovering of
fuel vapour from a vehicle tank during dispensing of fuel
into the vehicle tank, said method comprising the steps
of: generating a stream of fuel vapour, through a vapour
recovery line that comprises a vapour pump, measuring
a temperature of the fuel vapour, determining how much
avalue representing the measured temperature deviates
from a reference value, and determining a flow of fuel
vapour in dependence of said deviation.

[0027] For example, the step of measuring a temper-
ature of the fuel vapour downstream the vapour pump
may be followed by the steps of: measuring a second
temperature, and assigning the reference value the sec-
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ond temperature. These two steps should be made be-
fore the step of determining how much the measured
temperature deviates from the reference temperature.
[0028] The step of measuring the second temperature
may comprise measuring the temperature of the fuel va-
pour upstream the vapour pump.

[0029] The fuel dispensing unit and method according
to the invention both have the same advantages as the
system according to the invention, and the method may
comprise any of the features of the system described
above.

Brief Description of the Drawings

[0030] Embodiments of the present invention will now
be described, by way of example, with reference to the
accompanying schematic drawing, in which

Fig. 1 is a schematic side view of a fuel dispensing
unit.

Detailed Description of Preferred Embodiments of the
Invention

[0031] With reference to Fig. 1, a fuel dispensing unit
1 is illustrated having a fuel line 12 with a fuel pump 13
drawing fuel from a fuel storage tank 17 and producing
a stream of fuel F to a fuel dispensing nozzle 15 fitted
with a fuel outlet 14. The volume and rate of dispensed
fuel is measured by a flow meter 16 arranged in the fuel
line 12.

[0032] In the fuel dispensing unit 1 a vapour recovery
system 5 is provided, in which a vapour line 6 in down-
stream order comprises a vapour inlet 10 arranged at the
fuel dispensing nozzle 15, a vapour pump 7 for generat-
ing a stream of vapour V to the storage tank 17, a tem-
perature sensor 8 for detecting the temperature of the
vapour stream V flowing in the vapour line 6 downstream
the vapour pump 7 and a regulation valve 19 for regulat-
ing the vapour stream V. The regulation valve 19 may,
instead of being arranged downstream the vapour pump
7, be arranged upstream the vapour pump 7.

[0033] During operation, the fuel outlet 14 and the va-
pour inlet 10 normally are positioned at the inlet of a ve-
hicle fuel tank 18.

[0034] The fuel pump 13, the fuel meter 16, the vapour
pump 7 and the regulation valve 19 are each connected
to and controlled by control means 2. The temperature
sensor 8 is also connected to the control means 2 and
is arranged to feed, to the control means 2, a signal rep-
resenting the temperature T of the vapour at the location
of the temperature sensor 8.

[0035] The control means 2 has a suitable, conven-
tional central processing unit 3 and associated memory
4 for processing and storing signals and for communi-
cating with and controlling the devices connected to the
control means 2. Such communication and control is per-
formed in a conventional manner.
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[0036] During operation, the fuel pump 13 feeds fuel
to the vehicle tank 18. Simultaneously, the vapour pump
7 recovers, or draws, fuel vapour from the vehicle tank
18 at the same flow rate as the flow rate of the fuel. Ac-
cordingly, the volume of fuel that enters the tank 18 cor-
responds to the volume of vapour that exits the tank 18.
This process is monitored and regulated by the control
unit 2 in a known manner. The temperature T of the va-
pour is continuously measured by the temperature sen-
sor 8 and the temperature value is sent to the control unit
2.

[0037] In afirst embodiment, a reference temperature
value is stored in the memory 4 of the control unit 2. The
control unit 2 is configured to determine how much the
temperature T deviates from the reference temperature,
and if the deviation is higher than a predetermined value,
the control unit 2 stops the vapour pump 7 and/or closes
the regulation valve 19 for preventing that any vapour is
recovered.

[0038] The reference temperature value is an experi-
mental value, which for example is obtained by measur-
ing temperature values with the sensor 8 when refuelling
an ORVR vehicle and when refuelling a non-ORVR ve-
hicle respectively, and by comparing the obtained tem-
perature values. It has been shown that refuelling an OR-
VR vehicle results in higher temperature readings in com-
parison with refuelling a non-ORVR vehicle. The refer-
ence temperature value is then, for example, set to a
value between a mean temperature value obtained for
an ORVR vehicle and a mean temperature value ob-
tained for a non-ORVR vehicle.

[0039] Hence, if the deviation is positive when sub-
tracting the reference temperature from the measured
temperature value, an ORVR vehicle is refueled. On the
other hand, if the deviation is negative when subtracting
the reference temperature from the measured tempera-
ture value, a non-ORVR is refueled. Accordingly, in the
first embodiment the predetermined value mentioned
above is zero. This presupposes that the fuel dispensing
unit operates accurately, so that the temperature devia-
tion actually depends on whether an ORVR vehicle is
present or not, and not because of a problem with said
fuel dispensing unit. Regulations can be made to assure
that no problems with the fuel dispensing unit occur,
thereby eliminating such problems as a cause of the de-
viation.

[0040] In a second embodiment, a second tempera-
ture sensor 9 is arranged in the vapour line 6 upstream
the vapour pump 7 and is connected to the control means
2 for measuring the temperature T, of the vapour at the
location of the second temperature sensor, and for feed-
ing, to the control means 2, a signal representing the
measured temperature T, During operation, the tem-
perature T ¢ of the vapour is continuously measured by
the second temperature sensor 9 and the temperature
value is sent to the control unit 2.

[0041] The temperature T, measured by the second
temperature sensor 9 represents the reference temper-
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ature when determining how much the temperature T
deviates from the reference temperature.

[0042] In the second embodiment the deviation is de-
termined, for example, by subtracting the temperature
Tt measured by the second sensor 9 from the temper-
ature T measured by the first sensor 8. The resulting
deviation value is positive, and if the deviation is above
apredetermined value, the control unit 2 stops the vapour
pump 7 and/or closes the regulation valve 19 for prevent-
ing that any vapour is recovered.

[0043] The predetermined value inthe second embod-
iment may be experimentally determined by measuring
the deviation when refuelling an ORVR vehicle and when
refuelling a non-ORVR vehicle. For example, if the tests
show that refuelling an ORVR vehicle results in a devia-
tion higherthan 1 °C, while refuellinganon-ORVR vehicle
results in a deviation lower than 1 °C, the predetermined
level is set to 1 °C.

[0044] Of course, the stream of fuel vapour V is not
stopped when experimentally determining the predeter-
mined values discussed above.

[0045] Moreover, the deviation may be calculated in
any suitable manner and the embodiments above repre-
sent only two examples.

[0046] Optionally, the predetermined values dis-
cussed above are dependant on the measured temper-
ature T. This means that if the temperature T falls within
a first temperature range, a first predetermined values is
used, while a second predetermined value is used if the
temperature falls within a second temperature range that
is different form the first temperature range.

[0047] In a third embodiment, the temperature sensor
that provides the reference temperature is arranged in-
side the fuel dispenser 1, but not in the vapour line 6, for
measuring the temperature inside the fuel dispensing unit
1. Inthis embodiment the temperature sensor is indicated
by the reference numeral 9’ and the reference tempera-
ture by T’ Apart from the location of the sensor, the
third embodiment corresponds to the second embodi-
ment. Of course, in the third embodiment the temperature
sensor 9' may be arranged peripherally of the fuel dis-
pensing unit 1.

[0048] Inafourthembodiment,the temperature sensor
8 is arranged downstream the vapour pump 7. The con-
trol means 2 measures in, cooperation with the temper-
ature sensor 8, the vapour temperature a first time during
the first 2-4 seconds of operation of the vapour recovery
system. After a period of time, e.g. 10-15 seconds, a sec-
ond temperature measurement is done. The control
means 2 calculates a difference between the two meas-
ured temperature values, and if the difference is above
a predetermined, empirically established value, it is de-
termined that a flow of vapour is present.

[0049] Thisis based onthe understanding that, if there
is a flow of vapour, the vapour becomes warmer when
passing a pump. If the pump is not operated, there is no
vapour passing the pump and hence the temperature
sensor senses the temperature of a static media, i.e.
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there is no difference in temperature between the two
measured temperature values. If the pump is operated
there is a vapour flow, and the pump becomes warmer
after a short period of time, which also makes the media
slightly warmer after this period of time.

[0050] Of course, the temperature sensor need not be
arranged downstream the pump, but may be arranged
after any vapour line component that becomes warmer
when a flow of vapour is passing through the vapour line.

Claims

1. Avapour recovery system for recovering fuel vapour
from a vehicle tank (18) during dispensing of fuel into
the vehicle tank (18), said vapour recovery system
(5) comprising a vapour recovery line (6) with a va-
pour pump (7) for transporting a stream of fuel vapour
(V), and control means (2) for controlling the stream
of fuel vapour (V), characterised in that the vapour
line (6) comprises atemperature sensor (8) arranged
for measuring a temperature (T) of the fuel vapour,
the control means (2) being configured to determine
how much a value representing the measured tem-
perature (T) deviates from a reference value (T,¢s),
and to determine a flow of fuel vapourin dependence
of said deviation.

2. The vapour recovery system according to claim 1,
wherein the the value representing the measured
temperature (T) is the derivative of the measured
temperature (T), the reference value being a refer-
ence temperature derivative.

3. The vapour recovery system according to claim 1,
wherein the value representing the measured tem-
perature (T) is the measured temperature, the refer-
ence value (T ) being a predetermined temperature
value.

4. The vapour recovery system according to any one
of claims 1-3, wherein the temperature sensor (8) is
arranged downstream the vapour pump (7).

5. The vapour recovery system according to any one
of claims 1-4, the vapour line (6) further comprising
a second temperature sensor (9), wherein the refer-
ence value (T,) is a temperature measured by the
second temperature sensor (9).

6. The vapour recovery system according to claim 5,
wherein the second temperature sensor (9) is ar-
ranged in the vapour recovery line (6) upstream the
vapour pump (7), for measuring a temperature of the
fuel vapour.

7. The vapour recovery system according to any one
of claims 1-6, wherein the control means (2) are fur-
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10.

11.

12.

13.

ther configured to determine said deviation by cal-
culating how much the measured temperature (T)
exceeds the reference value (T ¢y).

The vapour recovery system according to any one
of claims 1-7, wherein the control means (2) are fur-
ther configured to regulate the stream of fuel vapour
(V) only in dependence of how much the value rep-
resenting the measured temperature (T) deviates
from the reference value (T ).

The vapour recovery system according to any one
of claims 1-8, wherein the control means (2) is con-
figured to:

make a first temperature measurement, by
means of the temperature sensor (8), and
make a second temperature measurement, by
means of the temperature sensor (8) and after
apredetermined period of time has passed since
the first temperature measurement,

said determining of how much a value repre-
senting the measured temperature deviates
from a reference value comprising determining
a difference between the two temperature
measurements, and comparing said difference
with the reference value.

A fuel dispensing unit for refuelling vehicles, com-
prising the vapour recovery system (5) of any one of
claims 1-9.

A method of regulating recovering of fuel vapour from
a vehicle tank (18) during dispensing of fuel into the
vehicle tank (18), said method comprising the steps
of:

generating a stream of fuel vapour (V), through
a vapour recovery line (6) that comprises a va-
pour pump (7),

measuring a temperature (T) of the fuel vapour,
determining how much a value representing the
measured temperature (T) deviates from a ref-
erence value (T,), and

determine a flow of fuel vapour in dependence
of said deviation.

The method according to claim 11, wherein the step
of measuring a temperature (T) of the fuel vapour
downstream the vapour pump (7) is followed by the
steps of:

measuring a second temperature, and
setting the reference value (T ) to the second
temperature.

The method according to claim 12, wherein the step
of measuring the second temperature comprises:
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measuring a temperature of the fuel vapour, up-
stream the vapour pump (7).
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