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(57) Abstract: A mobile fuel delivery system and method are described for dispensing fuel in a poorly ventilated area. The system
includes a fuel dispensing nozzle for dispensing the fuel; a cargo tank 16 for containing the fuel; a vapour recovery nozzle for recovering
vapour from a fuel tank of a vehicle during fuelling; a sealing mechanism for sealingly engaging the fuel tank, a vapour tank 18; a
pressure / vacuum release valve 20 connected between tank 16 and tank 18 and which is operable to increase / decrease pressure within
tank 16 during dispensing of fuel and recovery of vapour recovered by the vapour recovery nozzle and pumped into the tank 16; and
a safety mechanism including a control module 38 and a pressure detector 36 for detecting pressure within the tank 18, the module 38
being operable to stop fuel dispensing when pressure in tank 18 reaches a predetermined pressure.
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MOBILE FUEL DISPENSER

INCORPORATION BY REFERENCE

[0001] This application is a US non-provisional patent application, which claims priority
from US Provisional Patent Application No. 62/912,384, filed on 8 October 2019 and
entitled “Mobile Fuel Dispenser’, the entirety of which is hereby incorporated by

reference.

FIELD OF INVENTION

[0002] This invention relates to a fuel dispenser and more specifically to a mobile fuel
dispenser for carrying combustible liquid fuel and for safely dispensing the fuel during
fuelling of a fuel tank of a vehicle located at a location remote from a fuel refilling

station and at partially or wholly covered structure.

BACKGROUND TO INVENTION

[0003] There are numerous safety concerns with dispensing of fuel during fuelling of
a fuel tank of a vehicle located at a location remote from a fuel refilling station. These
safety concerns include the release of flammable and noxious vapours into the
atmosphere. These safety concerns become even more concerning when the fuel is
dispensed in a poorly ventilated area or semi-enclosed or indoor area, such as, for
example, a covered or partially covered parking structure, an indoor or underground

parking lot or parking garage.

[0004] There is a desire in the field for a mobile fuel dispenser which addresses or at

least ameliorates some or all of these concerns.

SUMMARY OF INVENTION

[0005] The current invention has several aspects. According to one aspect of the

invention there is provided a mobile fuel dispenser for carrying combustible liquid fuel
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and for dispensing the fuel during fuelling of a fuel tank of a vehicle located at a location

remote from a fuel refilling station, the mobile fuel dispenser including:

a fuel dispensing nozzle for dispensing the fuel,

a primary containment tank for containing the fuel to be dispensed via the fuel

dispensing nozzle;

a vapour recovery nozzle associated with the fuel dispensing nozzle, the vapour
recovery nozzle being operable, in use, for recovering vapour from the fuel tank of the

vehicle during fueling;

a sealing mechanism associated with the fuel dispensing nozzle and the vapour
recovery nozzle and configured for sealingly engaging the fuel tank in an arrangement
permitting dispensing of the fuel by the dispensing nozzle and recovery of the vapour

from the fuel tank via the vapour recovery nozzle;

a secondary containment tank;

a pressure / vacuum release valve connected between the primary containment
tank and the secondary containment tank and operable to decrease pressure within
the primary containment tank during the recovery of vapour recovered by the vapour

recovery nozzle and pumped into the primary containment tank, in use; and

a safety mechanism including at least one detector for detecting an undesirable
operational parameter of the mobile fuel dispenser, the safety mechanism being
operable to stop fuel dispensing in response to detection of said undesirable

operational parameter.

[00005] In a particular embodiment, the pressure / vacuum release valve may be
operable to increase pressure within the primary containment tank, in use, during

dispensing of fuel from the primary containment tank.
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[0006] The pressure / vacuum release valve may be operable, in use, for releasing to
the secondary containment tank, a pressure build-up in the primary containment tank
resulting from recovery of vapour recovered by the vapour recovery nozzle. In use,
the pressure / vacuum release valve may further be operable for preventing a vacuum
from forming in the primary containment tank during dispensing of fuel from the
primary containment tank. As such, the pressure / vacuum release valve is
advantageously operable for normalizing pressure within the primary containment tank
in a manner in which the contents of the primary containment tank are not exposed to

the atmosphere.

[0007]In use, the sealing mechanism permits substantially vapourless dispensing of
fuel from the primary containment tank and substantially vapourless recovery of

vapour recovered by the vapour recovery nozzle.

[0008] The mobile fuel dispenser may further include a fuel pump for pumping the fuel

from the primary containment tank to the fuel dispensing nozzle.

[0009] The mobile fuel dispenser may further include a vapour pump for pumping the

vapour from the vapour recovery nozzle to the primary containment tank.

[0010] The safety mechanism may further include a control module configured for
controlling operation of at least one of the fuel pump and the vapour recovery pump,
in response to detection of said operational parameter by said at least one detector.
In a particular embodiment, the control module may be configured for controlling

operation of both of the fuel pump and the vapour recovery pump.

[0011]In a particular embodiment, said undesirable operational parameter which is
detected by the detector, may be a state of operation of the vapour pump. As such,
the control module may be operable to shut off the fuel pump in response to detection
by the detector that the vapour pump is not in operation during fuel dispensing

operations.

[0012] In another embodiment, said detector may be a pressure detector located in

the secondary containment tank and said undesirable operational parameter which is
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detected by the pressure detector, may be a pressure in the secondary containment
tank exceeding a particular pressure level. As such, the control module may be
operable to shut off the fuel pump and the vapour pump in response to detection by
the pressure detector that the pressure in the secondary containment tank exceeds

said particular pressure level.

[0013] In a particular embodiment, the control module may be in the form of a hardware
circuit, such as, for example, a hardware circuit comprising an electronic circuit board,

circuit board logic chips and/ or other electronic components.

[0014] In another embodiment, the control module may include a processor. The
control module may further include a machine-readable medium having stored thereon
instructions which, when executed, direct the operation of the processor. The
processor may be one or more microprocessors, controllers, or any other suitable

computing device, resource, hardware, software, or embedded logic.

[0015] The invention extends to a control module as described and defined

hereinabove.

[0016] In yet another embodiment, the mobile fuel dispenser may further include a
pressure release valve for releasing pressurized vapour from the secondary
containment tank to the atmosphere, for purging the vapour from the secondary
containment tank. In use, the pressure release valve may be activated to purge the
vapour from the secondary containment tank to the atmosphere, when the pressure in
the secondary containment tank exceeds said particular pressure. The mobile fuel
dispenser may further include an additional pressure release valve for releasing
pressurized vapour from the primary containment tank to the atmosphere, for purging
the vapour from the primary containment tank. In use, the additional pressure release
valve may be activated to purge the vapour from the primary containment tank to the
atmosphere, when the pressure in the secondary containment tank exceeds said

particular pressure.

[0017]In said embodiment wherein the mobile fuel dispenser includes one or more

pressure release valves, the safety mechanism may further include one or more
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sensors, each sensor being configured for sensing that the mobile fuel dispenser is
not in an at least partially enclosed area, the safety mechanism further being operable
to prevent operation of the or each pressure release valve in response to absence of
detection by the at least one sensor that the mobile dispenser is not in said at least
partially enclosed area, and to allow operation of the or each pressure release valve,
in response to detection by at least one sensor that the mobile fuel dispenser is not in
said at least partially enclosed area, thereby to substantially reduce the release of
vapour in said at least partially enclosed area. In a particular embodiment, said at
least one sensor may be configured for detecting a speed of the mobile dispenser and,
as such, the safety mechanism may be operable to prevent operation of the or each
pressure release valve, in response to detection by the sensor that said speed is less

than a particular speed.

[0018] The primary containment tank may be wholly located within the secondary
containment tank. As such, the secondary containment tank may be operable to
contain fluid leaking out of the primary containment tank in the event that there is a

leak in the primary containment tank.

[0019] A size of the secondary containment tank may be selected such that the
secondary containment tank is of a sufficiently large size to contain all of the vapour
displaced from the fuel tanks of the vehicles , in use, when said fuel tanks are filled
with the fuel contained in the primary containment tank. Either or both tanks may or
may not be subject to pressure. In one exemplary embodiment, a high-pressure pump

is provided for storing the vapours in a significantly small space.

[0020] According to another aspect of the invention there is provided a method of
dispensing combustible liquid fuel for fuelling of a fuel tank of a vehicle located at a

location remote from a fuel refilling station, the method including:

providing a mobile fuel dispenser for carrying and dispensing the fuel, the
mobile fuel dispenser including a fuel dispensing nozzle, a vapour recovery nozzle; a
primary containment tank for containing the fuel to be dispensed; and a secondary

containment tank;
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sealingly engaging the fuel tank of the vehicle with the fuel dispensing nozzle

and the vapour recovery nozzle;

dispensing fuel from the primary containment tank into the fuel tank of the

vehicle via the fuel dispensing nozzle;

recovering vapour from the fuel tank via the vapour recovery nozzle and

delivering the recovered vapour to the primary containment tank;

decreasing pressure within the primary containment tank by venting

vapour from the primary containment tank into the secondary containment tank;

detecting an undesirable operational parameter of the mobile fuel dispenser;

and

stopping fuel dispensing in response to detection of said undesirable operational
parameter. In some embodiments, the recovering and storing of the vapours may be

done in one or more of the primary tank, the secondary tank or a separate tank.

[0021] The step of detecting an undesirable operational parameter of the mobile fuel
dispenser may, more particularly, comprise providing at least one detector for

detecting said undesirable parameter via said at least one detector.

[0022] The step of decreasing pressure within the primary containment tank by venting
vapour from the primary containment tank into the secondary containment tank may,
more particularly, comprise providing a pressure/ vacuum release valve connected
between the primary containment tank and the secondary containment tank for
decreasing pressure within the primary containment tank during recovery of vapour
recovered by the vapour recovery nozzle and delivered into the primary containment
tank, in use, by venting vapour from the primary containment tank into the secondary

containment tank.

[0023] During dispensing of fuel from the primary containment tank, the method may

further include increasing pressure within the primary containment tank.
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[0024] The step of increasing pressure within the primary containment tank may, more
particularly, include venting pressure from the secondary containment tank into the

primary containment tank via the pressure / vacuum release valve.

[0025] The step of sealingly engaging the fuel tank of the vehicle with the fuel
dispending nozzle and the vapour recovery nozzle may comprise providing a sealing
mechanism associated with the fuel dispensing nozzle and the vapour recovery
nozzle, said sealing mechanism being configured for sealingly engaging the fuel tank
in an arrangement permitting dispending of the fuel by the fuel dispensing nozzle and

recovery of the vapour from the fuel tank via the vapour recovery nozzle.

[0026] The method may include controlling operation of at least one of fuel dispensing

and vapour recovery in response to detection of said operational parameter.

[0027] The step of controlling operation of at least one of fuel dispensing and vapour
recovery may include providing a control module for controlling said operation of at

least one of fuel dispensing and vapour recovery.

[0028] In a particular embodiment, the method may include detecting whether vapour
recovery is operational and stopping fuel dispensing in response to detection of

inadequate vapour recovery.

[0029] In another embodiment, the method may include detecting pressure within the
secondary containment tank and stopping fuel dispensing in response to detection of

pressure in the secondary containment tank exceeding a particular pressure level.

[0030]In yet another embodiment, the method may include releasing pressurized
vapour from the secondary containment tank to the atmosphere, for purging the
vapour from the secondary containment tank.  More particularly, the method may
include providing a pressure release valve for releasing said pressurized vapour from
the secondary containment tank to the atmosphere, for purging the vapour from the

secondary containment tank.
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[0031] The method may include monitoring pressure within the secondary
containment tank and as such said releasing pressurized vapour from the secondary
containment tank to the atmosphere may be in response to detection that pressure

within the secondary containment tank exceeding a particular pressure.

[0032] The method may include releasing pressurized vapour from the primary
containment tank to the atmosphere, for purging the vapour from the primary
containment tank. As such, the method may, more particularly, include providing an
additional pressure release valve for releasing said pressurised vapour from the

primary containment tank.

[0033] The releasing of pressurized vapour from the primary containment tank to the
atmosphere may be in response to detection that the pressure in the secondary

containment tank exceeds said particular pressure.

[0034] The method may include sensing that the mobile fuel dispenser is not in an at
least partially enclosed area and preventing release of pressurized vapour to the
atmosphere in the absence of sensing the mobile fuel dispenser is not in said at least
partially enclosed area. The method may further include allowing release of
pressurized vapour to the atmosphere when sensing that the mobile fuel dispenser is
not in an at least partially enclosed area, thereby to substantially reduce the release

of vapour in said partially enclosed area.

[0035] The step of sensing may comprise providing a sensor for said sensing. More
particularly, the step of sensing may comprise sensing a speed of the mobile fuel
dispenser for sensing that the mobile fuel dispenser is not in said at least partially

enclosed area.

[0036] The step of providing the primary containment tank and the secondary
containment tank may comprise providing the primary containment tank such that the

primary containment tank is wholly located within the secondary containment tank.

[0037]A size of the secondary containment tank may be selected such that the

secondary containment tank is of a sufficiently large size to contain all of the vapour
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displaced from the fuel tanks of the vehicles , in use, when said fuel tanks are filled
with the fuel contained in the primary containment tank. In some embodiments, the

secondary tank may be pressurised.

BRIEF DESCRIPTION OF DRAWINGS

[0038] Further features of the invention are described hereinafter by way of a non-
limiting example of the invention, with reference to and as illustrated in the

accompanying schematic drawings. In the drawings:

[0039] FIG. 1 shows a side view of a mobile fuel dispenser in accordance with an

embodiment of the invention;

[0040]FIG.2 shows a rear view of the mobile fuel dispenser of FIG.1 and shows a
partial view of a fuel dispensing and vapour recovery apparatus of the mobile fuel

dispenser of FIG. 1;

[0041]FIG. 3 shows a schematic diagram of the fuel dispensing and vapour recovery

apparatus of the mobile fuel dispenser of FIG. 1;

[0042]FIG. 4 shows a schematic diagram of the fuel dispensing and vapour recovery
apparatus of a mobile fuel dispenser according to another embodiment of the

invention;

[0043]FIG. 5 shows a fragmentary schematic diagram of a nozzle assembly in

accordance with the invention;
[0044]FIG. 6 shows a diagram of a vehicle in a partially enclosed area; and

[0045]FIG. 7 shows a flowchart illustrating the method of the invention.

DETAILED DESCRIPTION

[0046] Throughout the following description, specific details are set forth in order to

provide a more thorough understanding to persons skilled in the art. However, well
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known elements may not have been shown or described in detail to avoid
unnecessarily obscuring the disclosure. The following description of examples of the
technology is not intended to be exhaustive or to limit the system to the precise forms
of any example embodiment. Accordingly, the description and drawings are to be

regarded in an illustrative, rather than a restrictive, sense.

[0047] With reference to the drawings, a mobile fuel dispenser in accordance with the
invention, in the form of a fuel delivery truck, is designated generally by reference

numeral 10.

[0048] Referring to FIGs. 1 to 4 of the drawings, the fuel delivery truck 10 includes a
wheeled truck body 12 and a fuel dispensing and vapour recovery apparatus 14
mounted on the wheeled truck body 12. Any mounting structure known in the art may

be used to secure vapour recovery apparatus 14 to the wheel truck body.

[0049] The truck 10 is configured for carrying combustible liquid fuel, such as, for
example, petrol or diesel and for dispensing the fuel during fuelling a fuel tank 44 of a
vehicle 46 located at a location remote from a fuel refilling station (not shown). More
particularly, the truck 10 is configured for dispensing the fuel in a poorly ventilated area
or semi-enclosed or indoor area 50, such as, for example, a covered or partially
covered structure, an indoor or underground parking lot or parking garage, without
releasing into the poorly ventilated area undesirable levels of fumes from the fuel
dispensing and vapour recovery apparatus 14 (or from the fuel tank of the vehicle
being refuelled). It is to be understood that petrol or diesel are only examples of
combustible fluids and are not intended to limit the definition of combustible fluid. It is
also to be understood that combustible fluids are to include other combustible fluids
known in the art such as but not limited to Hydrogen, Liquified Petroleum Gad (LPG),
Compressed Natural Gas (CNG), etc.

[0050] The fuel dispensing and vapour recovery apparatus 14 includes a primary
containment tank in the form of a cargo tank 16, a nozzle assembly , a secondary
containment tank in the form of a vapour tank 18, a pressure / vacuum release valve
20 connected between the cargo tank 16 and the vapour tank 18. In some

embodiments, cargo tank 16 may be wholly placed in vapour tank 18. This is shown

10
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in FIGs. 1 to 4. In other embodiments (not shown), the two tanks may be separate
from one another such that each tank occupies a space independent from the other.
In further additional embodiments (not shown), the tanks may be adjacent to one

another so that a wall is shared between the two tanks.

[0051] Returning to the embodiments described in FIGs. 1 to 4, the fuel dispensing
and vapour recovery apparatus 14 further includes a fuel pump 22, a vapour recovery
pump 23, a fuel / vapour delivery line 24, pressure release valves 26.1,26.2, a
pneumatic air supply 27, a manual vapour release valve 28, an interlock 29 and a

safety mechanism.

[0052] In an exemplary embodiment, cargo tank 16 is formed of Smm thick aluminium
sheet material and is coated with 120 mins of fire-resistant paint. It is to be understood
that other materials and paint known in the art may be used for making and coating
cargo tank 16. The Applicant envisages that in another embodiment, the cargo tank
16 is formed from a plastics material. The plastics material is specifically a plastics
material suitable for being subjected to increased pressure and highly resistant to
chemicals being transported. Furthermore, the plastics material will be of sufficient
strength and thickness to hold a sufficient volume of fuel, such as, for example, 1,000
litres of fuel). It is to be understood that other volumes more or less than 1,000 litres

of fuel are contemplated in this invention.

[0053] As shown in the embodiment represented in FIG. 4, the internal space of cargo
tank 16 is divided into four discreet chambers 30.1, 30.2, 30.3 and 30.4 of roughly
equal size, by means of three equi-spaced baffles 32. Each baffle 32 has a valve 34
located therein for permitting or stopping flow communications between adjacent
chambers 30.1, 30.2, 30.3 and 30.4. Each valve 34 is controlled electronically for
displacing each valve between an open condition and a closed condition, as will be
explained in more detail herein below. Each chamber 30.1, 30.2, 30.3 and 30.4 of
cargo tank 16 is configured for containing and storing the fuel. FIG. 4 represents an
exemplary embodiment of the invention. In other embodiments, it is to be understood
that the number of chambers may vary. Also, in some embodiments, cargo tank 16
may be unitary in structure (i.e. without having any internal chambers). Such

embodiment is represented in FIG. 3.
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[0054] Cargo tank 16 may be configured to have a number of leak detectors (not
shown) located at various locations on an outer surface of the cargo tank. The leak
detectors may be configured for sending a signal to the safety mechanism in the event

that a leak is detected, for reasons which will be explained below.

[0055] Cargo tank 16 may be fitted with a high-level float sensor 31 for sensing high
levels of fuel in the cargo tank. The high-level float sensor 31 may be electronically
connected to components of the safety mechanism for reasons which will be explained
below. The high-level float sensor 31 may be also electronically connected to a high-
level alarm (not shown) which alerts a user or operator of the truck 10 that the cargo

tank has been filled to its maximum capacity.

[0056] The nozzle assembly 51 includes a fuel dispensing nozzle 52, a vapour
recovery nozzle 54 and a sealing mechanism 56 associated with the fuel dispensing
nozzle and the vapour recovery nozzle. The fuel dispensing nozzle is configured for
dispensing fuel from the cargo tank. The vapour recovery nozzle is operable, in use,
for recovering vapour from the fuel tank of the vehicle being fuelled during the fuelling
process. The sealing mechanism is configured for sealingly engaging and coupling
with the fuel tank in an arrangement permitting substantially vapourless operation of
the fuel dispensing nozzle and the vapour recovery nozzle during operation thereof,
I.e. during dispensing of the fuel by the dispensing nozzle and during recovery of the
vapour from the fuel tank via the vapour recovery nozzle. The nozzle assembly is an

industrial standard item and as such will not be described any further in this disclosure.

[0057]In some embodiments, the vapour recovery nozzle is in fluid communication
with the cargo tank such that the vapour recovered by the vapour recovery nozzle is
directed to the cargo tank, where such vapour is contained. The mechanism for
purging such vapour from the cargo tank will be described below. In other
embodiments, the vapour recovery nozzle may be in fluid communication with the
vapour tank such that the vapour recovered by the vapour recovery nozzle is directed

to the cargo tank, where such vapour is contained.

12
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[0058] Referring back to the embodiments described FIGs. 1 to 4, in such exemplary
embodiment, vapour tank 18 is formed of 5mm thick aluminium sheet material and is
coated with 120 mins of fire-resistant paint. It is to be understood that other materials

and paint known in the art may be used for making and coating vapour tank 18.

[0059] As described above and shown in FIGs. 1, 3 and 4, which represent exemplary
embodiments of the invention, cargo tank 16 is shown to be wholly positioned within
vapour tank 18. The ratio and volume of vapour recovered during operation of the
system is understood to be greater than the ratio and volume of the fuel capacity within
the cargo tank.vapour. For optimum operation, it is preferred that vapour tank 18 be
sized to contain at least all of the fuel contained in cargo tank if dispensed from cargo
tank 16 to vapour tank 18. Also, by having cargo tank 16 wholly contained within
vapour tank 18, this allows vapour tank 18 to contain fluid leaking from cargo tank 16,
in the event of a leak in cargo tank 16. Additionally, the combined volume of the cargo
and vapour tanks is to be of sufficient size to house all vapour that would be recovered
if all fuel in the cargo tank is dispensed. In some embodiments (not shown), the vapour
may be in compressed state. In such embodiments, for optimum operation, the vapour

tank is to be sized to hold all of the vapour in its compressed state.

[0060] The size of the vapour tank 18 is further selected such that vapour tank 18 is of
a sufficiently large size to contain the vapour that would otherwise be released to the
air during fuelling. Such vapour include all of the vapour displaced from the fuel tanks
of the vehicles as well as that released from the nozzle during the filling process, in
use, when said fuel tanks are filled with the fuel contained in cargo tank 16. This

ensures uninterrupted operation of the truck 10, in use, as will be described below.

[0061] In the embodiment represented in FIG. 1, pressure/vacuum release valve 20 is
shown to be connected between cargo tank 16 and vapour tank 18. Pressure/vacuum
release valve 20 is operable to reduce and/ or increase pressure within cargo tank 16,
in use, during dispensing of fuel from cargo tank 16 and during the recovery of vapour
recovered by the vapour recovery nozzle and pumped into cargo tank 16, in use. In
this regard it will be understood that during refilling operations, a low pressure

(vacuum) condition or a high-pressure condition can develop in cargo tank 16.

13
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[0062] For example, if cargo tank 16 is completely filled with fluid, a vacuum will form
during fuelling operations (depending upon temperature / boil off) if insufficient vapour
is transferred back into cargo tank 16, in use. Accordingly, in the example provided
above, in use, pressure/vacuum release valve 20 is operable for preventing a vacuum
from forming in cargo tank 16 during dispensing of fuel from cargo tank 16 by opening
the pressure/vacuum release valve 20 to increase the pressure in cargo tank 16 and
thereby equalizing pressure between vapour tank 18 and cargo tank 16. In some
embodiments (not shown), where vapour may be released to the atmosphere without
passing through the vapour tank, the pressure inside the cargo tank may be equalized
by use of a pressure/vacuum release valve to control the air flow between the cargo
tank and the outside of the tank. In such embodiments, an intermediary chamber may
be used to facilitate either vapour release from the cargo tank to the outside
atmosphere or the intake of air from the outside atmosphere into the cargo tank
depending on the mode of operation of the system (i.e. fuel dispensing or filling of the

cargo tang with fuel).

[0063] In embodiments, where the vapour is recovered into the cargo tank, if large
quantities of vapour are recovered and delivered into cargo tank 16, an over pressure
or high pressure may develop in cargo tank 16 which may cause structural damage to
the cargo tank. To prevent this, pressure / vacuum release valve 20 is operable, in
use, for opening and thereby releasing to the vapour tank 18 a pressure build-up in
the cargo tank 16 resulting from recovery of vapour recovered by the vapour recovery
nozzle. This pressure release ensures the pressure inside cargo tank 16 to not exceed
the maximum allowable operating pressure, which is determined based on the size of

the tank and other characteristics including its optimal volume and structural integrity.

[0064] As such, the pressure/vacuum release valve 20 is advantageously operable in
such embodiment for normalizing pressure within the cargo tank 16 in a manner in

which the contents of the cargo tank 16 are not directly exposed to the atmosphere.

[0065] Pressure/vacuum release valve 20 furthermore facilitates filling of cargo tank
16 when the cargo tank is being filled with fuel. More specifically, during filling of cargo
tank 16, pressure/vacuum release valve 20 will open, and vent built-up pressure into

vapour tank 18 as cargo tank 16 fills up and thereby become pressurized. In
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embodiments (not shown), where the venting of the vapour inside the cargo tank is
possible without passing through the vapour tank, a pressure/vacuum release valve

may be used to control venting such vapour into the atmosphere.

[0066] Referring back to the embodiment described in FIG. 3, the fuel pump 22 is
configured for pumping the fuel from the cargo tank 16 to the fuel dispensing nozzle.
Any type of suitable pump may be used, such as, for example, a 1/3 HP continuous
duty pump which operates at a flow rate of approximately 25 gpa/ 95 Ipm. It is
advantageous if the output at the nozzle is approximately 24lpm and must be at a rate

which cannot result in static build up.

[0067] The vacuum pump 23 is configured for pumping the vapour from the vapour
recovery nozzle to the cargo tank 16. In some embodiments (not shown), pump 23
may be configured to pump the vapour suctioned through the recovery nozzle directly

into vapour tank 18.

[0068]In FIG. 3, fuel / vapour delivery line 24 includes a flow meter 40, vapour fuel
separator, fuel / vapour hose, loading door, control valve, ball valve, dry coupler, cam
lock coupler, actuator valve, emergency switch, sediment filter, water separator 42,
and strainer, all of which are industrial standard components for use in the fuel / vapour
delivery line 24. As such, these components will not be described in any further detail

herein.

[0069] Pressure release valves 26.1, 26.2 are configured for releasing pressurized
vapour from the vapour tank 18 and purging the vapour from vapour tank 18 into the
atmosphere (under certain conditions and as will be explained in more detail below).
Pressure release valve 26.1 is located on the cargo tank 16 and pressure release
valve 26.2 is located on the vapour tank 18. In use, the pressure release valves
26.1,26.2 are activated (under certain conditions and as will be explained in more
detail below) to purge the vapour from vapour tank 18 and cargo tank 16, when the
pressure in vapour tank 18 reaches the maximum allowed operating pressure, which

may be predetermined based on the characteristics of the tank.
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[0070]In FIG. 3, the pneumatic air supply 27 comprises a compressor (not shown) for
supplying compressed and / or inert air for flushing out vapour from vapour tank 18,
for purging tank 18 as will be explained in more detail hereinbelow. It is envisaged
that in another embodiment (not shown) the pneumatic air supply may be suppled by

exhaust gasses from the internal combustion engine of the vehicle.

[0071] The manual vapour release valve 28 is configured to allow the user of the truck
10 to manually release the vapour from the vapour tank 18 by manually activating the

manual vapour release valve 28, as will be explained below.

[0072] The interlock 11 is configured for receiving an electronic or electrical signal for
either locking or actuating the pressure release valves 26.1, 26.2, as will be explained

in more detail hereinbelow.

[0073] The safety mechanism includes detectors, sensors and a control module 38.
Each detector is configured for detecting at least one undesirable operational
parameter of the truck 10. The detectors include a vapour pump operation detector

(not shown) and a pressure detector 36 located in the vapour tank 18.

[0074] The vapour pump operation detector is configured for detecting a state of
operation of the vapour pump 23. More particularly, the vapour pump operation
detector is configured for detecting whether or not the vapour pump 23 is operational,
I.e. operable for pumping vapour suctioned from the nozzle to the cargo tank 16 in the
embodiment described in FIG. 3 or to vapour tank 18 in other embodiments. For
example, in a particular embodiment, the vapour pump operation detector is more
specifically configured for detecting an electrical current supplied to the vapour pump

23 to establish that the vapour pump 23 is operating.

[0075]In FIG. 3, pressure detector 36 is configured for detecting when a pressure in
vapour tank 18 reaches a predetermined pressure level such as the maximum allowed

operating pressure.

[0076] The sensors are configured for sensing whether or not truck 10 is in an at least

partially enclosed area 50. Various sensory data and corresponding sensors known in
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the art may be used to establish this. Such sensors may be integrated into the vehicle
or may be external to it. For example, a speed sensor 48 for sensing a speed of the
truck 10 may be used. Based on the assumption that a vehicle travels slower in parking
structures compared to outside parking structures, the speed may be used to
determine if the truck 10 is in an area, such as partial enclosed areas 50 or parking

spaces, that obstructs driving with speed.

[0077] The control module 38 is configured to actuate interlock 11 so as to open the
pressure release valves 26.1, 26.2 and to actuate pneumatic air supply 27 when the
speed sensor detects that the speed of the truck 10 is more than a particular
predetermined speed, such as, for example, 45 km / hr, thereby to release pressurized
vapour from the vapour tank 18 for purging the pressure and vapour from the vapour
tank so as to return pressure in the vapour tank 18 to atmospheric pressure and inert
state. More specifically, the control module 38 is operable to ensure that vapour is not
released from the truck 10 when the truck 10 is in a poorly ventilated and / or confined
area because the control module 38 only actuates interlock 11 so as to open the
pressure release valve 26 when the speed of the truck 10 is more that said particular
predetermined speed. As such, the control module 38 ensures that the vapour is only
released once the truck 10 is in the “open road’, i.e. traveling at speeds which would
not be possible if the vehicle was in a confined area, for example, in a poorly ventilated
confined space, such as, for example a parking garage. Use of other sensory data in
addition to speed or in place of it for this purpose is contemplated according to other

embodiments as will be described below.

[0078] The control module 38 is furthermore operable, via operation of interlock 11, to
prevent operation of the pressure release valves 26.1, 26.2, in response to detection
by the speed sensor that said speed is less than a particular predetermined speed,
such as, for example, 35 km/hr. In this way, the truck 10 can safely dispense fuel even
in extremely confined and poorly ventilated spaces, as the control module 38 ensures
that the pressure release valves 26.1, 26.2 cannot be opened while the vehicle is in
the confined space. It is to be understood that the speeds mentioned above are only
exemplary and not limiting. So, the control module may be configured to control

operation of the pressure release valve based on different predetermined speeds.
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[0079] Furthermore, to ensure that vapour is not unintentionally released by the truck,
the control module 38 is furthermore configured for stopping fuel dispensing in
response to detection by the vapour pump operation detector that the vapour pump
23 is not operational or is operating at sub-optimal levels. More specifically, the control
module 38 is configured for controlling operation of the fuel pump 22 and the vapour
recovery pump 23, for stopping the fuel pump 22 and the vapour recovery pump 23,
in response to detection by the vapour pump operation detector that the vapour pump
23 is below optimal conditions. To further ensure that vapour is not unintentionally
released by the truck, the control module 38 is furthermore configured for stopping fuel
dispensing in response to detection that the valves 26.1, 26.2 are in the incorrect

positions.

[0080] As an additional safety feature of the safety mechanism to prevent unintended
release of vapour from the truck 10, the control module 38 is furthermore operable to
shut off the fuel pump 22 and the vapour recovery pump 23 in response to detection
by the pressure detector 36 that the pressure in the vapour tank 18 has reached a
particular pressure level, such as the maximum allowed operational pressure. As such,
this is an extremely advantageous safety feature which ensures safe dispensing of
fuel in confined and poorly ventilated spaces, as it ensures that fuel cannot be
dispensed in circumstances in which the pressure in the vapour tank 18 is at the
maximum allowed operating pressure. This also ensure vapour free delivery of fuel
when refilling the fuel tank of the vehicle in a confined space. In this regard, it will be
understood that if the pressure in the vapour tank 18 is indicative of the tank containing
vapour at full capacity, if the system were to operate and not shutdown, it will not be
possible for the vapour recovery nozzle to properly operate so as to ensure

substantially vapour free delivery of fuel during refuelling operations.

[0081] Furthermore, as an additional safety feature of the safety mechanism to prevent
unintended release of vapour from the truck 10, when the pressure in the vapour tank
18 is at a critical level (i.e. close to the maximum allowed operating pressure) and the
control module 38 prevents further fuel dispensing as described above, then the
vehicle operator will have to follow one of the following two available options, in order

to reduce the pressure in vapour tanks 18:
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(1) the operator can simply drive the truck 10 at a speed in excess of the
aforementioned exemplary predetermined speed of 45km/h so as to allow the
control module 38 to activate interlock 11, as described above, so as to open
valves 26.1, 26.2 and actuate the pneumatic air supply 27 so as to release
vapour from the vapour tank 18 and purge the vapour from vapour tank 18 and
return the pressure in vapour tank 18 to atmospheric pressure as described
above; or

(2) alternatively, if it is not convenient or practical to drive the vehicle in excess of
45km/h, then the operator can drive the truck 10 to a well ventilated area and
manually actuate the manual vapour release valve 28 to manually release the
vapour from the vapour tank 18 for returning the pressure in the vapour tank 18

to atmospheric pressure.

[0082] In the embodiment described in FIG. 3, As an additional safety feature, the
control module 38 is furthermore configured for controlling the valves 34 in the baffles
32 of cargo tank 16 for displacing these valves 34 between open and closed positions.
In use, when a signal is received from a particular leak detector, indicating that there
is a leak, the control module 38 is operable to close a particular valve 34 located in a
particular one of the baffles 32 in the proximity of the leak, in order to isolate the leaking
chamber, in order to reduce the loss of fuel from the cargo tank 16 and thereby to limit
the loss only to the leaking chamber. In other embodiments, all valves 34 are closed

in case of a leak detection by one or more sensors.

[0083] As an additional safety feature, during filling of the cargo tank 16 with fuel, in
use, the control module 38 is furthermore configured to close one or more of the ball
valve, control valve and actuator valves, in response to receipt of a signal from the
high-level float sensor 31, which signal indicates that the cargo tank 16 is full. This

prevents overfilling of the cargo tank 16.

[0084] The control module 38 is in the form of a hardware circuit comprising an
electronic circuit board, circuit board logic chips and other electronic components. In
another embodiment (not shown), the control module may include a processor
configured for performing the operational functions of control module 38. The control

module may further include a machine-readable medium having stored thereon
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instructions which, when executed, direct the operation of the processor. The
processor may be one or more microprocessors, controllers, or any other suitable

computing device, resource, hardware, software, or embedded logic.

[0085] The fuel delivery truck 10 is advantageous over the prior art due to the
arrangement of cargo tank 16 and vapour tank 18 and the pressure / vacuum release
valve 20 connected between them, which is operable to reduce and/ or increase
pressure within the cargo tank 16, in use , during dispensing of fuel from the cargo
tank 16 and during the recovery of vapour recovered by the vapour recovery nozzle
and pumped the maximum allowed operational pressure into cargo tank 16 in some
embodiments or tank 18 in other embodiments. More specifically, the pressure /
vacuum release valve 20 advantageously normalises pressure within cargo tank 16
in a manner in which the flammable and noxious contents of cargo tank 16 and vapour
tank 18 are not exposed to the atmosphere when the truck 10 is performing refilling
operations in a poorly ventilated confined space, such as, for example a parking
garage. As such, substantially vapourless refuelling operations can safely be

performed by truck 10, even in extremely poorly ventilated places.

[0086] It will be appreciated that the exact configuration of the truck 10, in accordance
with the invention, may vary greatly while still incorporating the essential features of
the invention as described hereinabove. For example, the sensors configured for
sensing whether or not the truck 10 is in an at least partially enclosed area may differ
from the speed sensor described herein above. More specifically, the sensors may
be in the form of proximity sensors (not shown) located on the truck 10 for determining
nearby objects such as walls and ceilings thereby for sensing that the mobile fuel
dispenser is not in an at least partially enclosed area. The proximity sensors (not
shown) may be configured for emitting electromagnetic fields or a beam of
electromagnetic radiation (e.g. infrared) and determine changes in the field or return
signal. Other sensors known in the field for detecting position and environmental data
may be used in this invention. Also, it is also contemplated that some or all sensors
integrated into the vehicle for determining surrounding and position of the vehicle may
be incorporated as feeds for the processor or control module to determining the state
of the vehicle and thereby control its operational mode and venting of the vapour into

the atmosphere. It is also to be understood that the control module may be connected
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to the computer system of the vehicle to obtain all sensory data collected by such

computer to perform its functions as described above.

[0087]Figure 7 of the drawings illustrates the method of dispensing combustible
liquid fuel for fuelling of a fuel tank of a vehicle located at a location remote from a
fuel refilling station, the method comprises:

in a first step 105, providing a mobile fuel dispenser for carrying and dispensing the
fuel, the mobile fuel dispenser including a fuel dispensing nozzle, a vapour recovery
nozzle; a primary containment tank for containing the fuel to be dispensed; and a
secondary containment tank;

in a second step 110, sealingly engaging the fuel tank of the vehicle with the fuel
dispensing nozzle and the vapour recovery nozzle,

in a third step 120, dispensing fuel from the primary containment tank into the fuel
tank of the vehicle via the fuel dispensing nozzle;

in a forth step 130, recovering vapour from the fuel tank via the vapour recovery
nozzle and delivering the recovered vapour to the primary containment tank;

in a fifth step 140, decreasing pressure within the primary containment tank by
venting vapour from the primary containment tank into the secondary containment
tank;

in a sixth step 150, detecting an operational parameter of the mobile fuel dispenser;
in a seventh step 160 stopping fuel dispensing in response to detection of said
operational parameter such as at least one of detecting inadequate vapor recovery
or detecting pressure in the secondary containment tank exceeding a particular
pressure level;

in an eight step 170, releasing pressurized vapour from the secondary containment
tank to the atmosphere, for purging the vapour from the secondary containment tank;
in a ninth step 180, controlling operation of at least one of fuel dispensing and
vapour recovery in response to detection of said operational parameter,;

in a tenth step 190, releasing pressurized vapour from one of the primary
containment tank or the secondary containment tank to the atmosphere, for purging
the recovered vapour,;

in an eleventh step 200, sensing whether the mobile fuel dispenser is in an at least

partially enclosed area or not, such as sensing a speed of the mobile fuel dispenser
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and determining if the mobile fuel dispenser is in said at least partially enclosed area

or not based on the sensed speed;

in a twelfth step 210, preventing release of pressurized vapour to the atmosphere

when the mobile fuel dispenser is in said at least partially enclosed area; and in a

thirteenth step 220, allowing release of pressurized vapour to the atmosphere when

the mobile fuel dispenser is not in said at least partially enclosed area.

[0088] The invention extends also to the control module 38 and the method of

operating the system using the control module as described and defined hereinabove.

Interpretation of Terms

[0089]

Unless the context clearly requires otherwise, throughout the description

and the claims:

"comprise," "comprising," and the like are to be construed in an inclusive
sense, as opposed to an exclusive or exhaustive sense; that is to say, in the
sense of "including, but not limited to".

"connected," "coupled," or any variant thereof, means any connection or
coupling, either direct or indirect, between two or more elements; the
coupling or connection between the elements can be physical, logical, or a
combination thereof.

"herein," "above," "below," and words of similar import, when used to
describe this specification shall refer to this specification as a whole and not
to any particular portions of this specification.

"or," in reference to a list of two or more items, covers all of the following
interpretations of the word: any of the items in the list, all of the items in the
list, and any combination of the items in the list.

the singular forms “a”, “an” and “the” also include the meaning of any
appropriate plural forms.

“Vehicle” shall be interpreted sufficiently broadly to include any type of a
vessel, vehicle or craft for transport on water, land, or in air. Also, “fuel tank”

shall be interpreted to mean a fuel tank of said vessel, vehicle or craft.
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[0090] Words that indicate directions such as "vertical", "transverse", "horizontal",

"upward", "downward", "forward", "backward", ‘"inward", "outward", ‘'vertical",

» 13
H

” 13
H

"transverse", “left”, “right” , “front”, “back” , “top”, “bottom”, “below”, “above”, “under”,
"upper”, "lower" and the like, used in this description and any accompanying claims
(where present) depend on the specific orientation of the apparatus described and
illustrated. The subject matter described herein may assume various alternative
orientations. Accordingly, these directional terms are not strictly defined and should

not be interpreted narrowly.

[0091] Where a component (e.g. a circuit, module, assembly, device, etc.) is referred
to above, unless otherwise indicated, reference to that component (including a
reference to a "means") should be interpreted as including as equivalents of that
component any component which performs the function of the described component
(i.e., that is functionally equivalent), including components which are not structurally
equivalent to the disclosed structure which performs the function in the illustrated

exemplary embodiments of the invention.

[0092] Specific examples of device and method have been described herein for
purposes of illustration. These are only examples. The technology provided herein can
be applied to device and method other than the examples described above. Many
alterations, modifications, additions, omissions and permutations are possible within
the practice of this invention. This invention includes variations on described
embodiments that would be apparent to the skilled addressee, including variations
obtained by: replacing features, elements and/or acts with equivalent features,
elements and/or acts; mixing and matching of features, elements and/or acts from
different embodiments; combining features, elements and/or acts from embodiments
as described herein with features, elements and/or acts of other technology; and/or

omitting combining features, elements and/or acts from described embodiments.

[0093] Itis therefore intended that the following appended claims and claims hereafter
introduced are interpreted to include all such modifications, permutations, additions,
omissions and sub-combinations as may reasonably be inferred. The scope of the

claims should not be limited by the preferred embodiments set forth in the examples,
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but should be given the broadest interpretation consistent with the description as a

whole.
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WE CLAIM:

1. A mobile fuel dispenser for carrying combustible liquid fuel and for dispensing the
fuel during fuelling of a fuel tank of a vehicle located at a location remote from a fuel
refilling station, the mobile fuel dispenser including:

a fuel dispensing nozzle for dispensing the fuel;

a primary containment tank for containing the fuel to be dispensed via the fuel

dispensing nozzle;

a vapour recovery nozzle associated with the fuel dispensing nozzle, the vapour
recovery nozzle being operable, in use, for recovering vapour from the fuel tank of the

vehicle during fueling;

a sealing mechanism associated with the fuel dispensing nozzle and the vapour
recovery nozzle and configured for sealingly engaging the fuel tank in an arrangement
permitting substantially vapourless dispensing of the fuel by the dispensing nozzle and

recovery of the vapour from the fuel tank via the vapour recovery nozzle;

a secondary containment tank;

a pressure release valve connected between the primary containment tank and
the secondary containment tank and operable to decrease pressure within the primary
containment tank during the recovery of vapour recovered by the vapour recovery

nozzle and pumped into the primary containment tank, in use; and

a safety mechanism comprising at least one detector for detecting an
undesirable operational parameter of the mobile fuel dispenser, the safety mechanism
being operable to stop fuel dispensing in response to detection of said undesirable
operational parameter.
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2. The mobile fuel dispenser in claim 1, wherein the pressure release valve is
operable to increase pressure within the primary containment tank, in use, during

dispensing of fuel from the primary containment tank.

3. The mobile fuel dispenser in claim 1, wherein the pressure release valve is
operable, in use, for releasing to the secondary containment tank, a pressure build-up
in the primary containment tank resulting from recovery of vapour recovered by the

vapour recovery nozzle.

4. The mobile fuel dispenser in claim 1 further comprising a fuel pump for pumping

the fuel from the primary containment tank to the fuel dispensing nozzle.

5. The mobile fuel dispenser of claim 4 further comprising a vapour pump for

pumping the vapour from the vapour recovery nozzle to the primary containment tank.

6. The mobile fuel dispenser of claim 5, wherein the safety mechanism comprises
a control module configured for controlling operation of at least one of the fuel pump
and the vapour recovery pump, in response to detection of said operational parameter

by said at least one detector.

7. The mobile fuel dispenser of claim 6, wherein the undesirable operational
parameter detected by the detector is a state of operation of the vapour pump and
wherein the control module is configured to shut off the fuel pump in response to
detection by the detector that the vapour pump is not in operation during fuel

dispensing operations.

8. The mobile fuel dispenser of claim 6, wherein the detector is a pressure
detector located in the secondary containment tank and the undesirable operational
parameter which is detected by the pressure detector is a pressure in the secondary
containment tank exceeding a particular pressure level and wherein the control
module is configured to shut off the fuel pump and the vapour pump in response to
detection by the pressure detector that the pressure in the secondary containment

tank exceeds said particular pressure level.
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9. The mobile fuel dispenser of claim 1 further comprising a pressure release
valve for releasing pressurized vapour from the secondary containment tank to the

atmosphere, for purging the vapour from the secondary containment tank.

10.  The mobile fuel dispenser of claim 9 further comprising an additional pressure
release valve for releasing pressurized vapour from the primary containment tank to

the atmosphere, for purging the vapour from the primary containment tank.

11.  The mobile fuel dispenser of claim 9, wherein the safety mechanism further
comprises one or more sensors, each of the one or more sensor configured for sensing
if the mobile fuel dispenser is in an at least partially enclosed area, the safety
mechanism further configured to prevent operation of the one or more pressure
release valve in response to detection by the one or more sensors that the mobile
dispenser is in said at least partially enclosed area, and to allow operation of the one
or more pressure release valve, in response to detection by one or more sensors that
the mobile fuel dispenser is not in said at least partially enclosed area, thereby to
substantially reduce the release of vapour in said at least partially enclosed area.

12.  The mobile fuel dispenser of claim 11, wherein the one or more sensors are
configured for detecting a speed of the mobile dispenser and the safety mechanism is
configured to prevent operation of the one or more pressure release valve in response

to detection by the one or more sensors that said speed is less than a particular speed.

13.  The mobile fuel dispenser of claim 1, wherein the primary containment tank is

wholly located within the secondary containment tank.

14. A method of dispensing combustible liquid fuel for fuelling of a fuel tank of a
vehicle located at a location remote from a fuel refilling station, the method comprises:

providing a mobile fuel dispenser for carrying and dispensing the fuel,
the mobile fuel dispenser including a fuel dispensing nozzle, a vapour recovery
nozzle; a primary containment tank for containing the fuel to be dispensed; and

a secondary containment tank;
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sealingly engaging the fuel tank of the vehicle with the fuel dispensing

nozzle and the vapour recovery nozzle;

dispensing fuel from the primary containment tank into the fuel tank of
the vehicle via the fuel dispensing nozzle;

recovering vapour from the fuel tank via the vapour recovery nozzle and

delivering the recovered vapour to the primary containment tank;

decreasing pressure within the primary containment tank by venting

vapour from the primary containment tank into the secondary containment tank;

detecting an operational parameter of the mobile fuel dispenser; and

stopping fuel dispensing in response to detection of said operational

parameter.

15.  The method of claim 14 further comprises releasing pressurized vapour from
the secondary containment tank to the atmosphere, for purging the vapour from the

secondary containment tank.

16.  The method of claim 14 further comprises controlling operation of at least one
of fuel dispensing and vapour recovery in response to detection of said operational

parameter.

17.  The method of claim 14, wherein the step of stopping fuel dispensing is in
response to at least one of detecting inadequate vapour recovery or detecting
pressure in the secondary containment tank exceeding a particular pressure level.

18.  The method of claim 14 further comprises releasing pressurized vapour from

one of the primary containment tank or the secondary containment tank to the

atmosphere, for purging the recovered vapour.
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19.  The method of claim 14 further comprising:

sensing whether the mobile fuel dispenser is in an at least partially enclosed
area or not;

preventing release of pressurized vapour to the atmosphere when the mobile
fuel dispenser is in said at least partially enclosed area; and

allowing release of pressurized vapour to the atmosphere when the mobile fuel

dispenser is not in said at least partially enclosed area.

20. The method of claim 19, wherein the step of sensing comprises sensing a
speed of the mobile fuel dispenser and determining if the mobile fuel dispenser is in

said at least partially enclosed area or not based on the sensed speed.
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