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(54) VAPOUR GENERATING DEVICE

(57) A vapour generating device (10) comprises: a
wall (12) comprising an interior surface (12a) that defines
a bore (14); a wick (18) located at a first end region of
the bore (14) and arranged to receive a liquid (L); a first
heater (22) arranged to vaporise the liquid (L) in the wick
(18) to produce a vapour (V) in the bore (14); a mouth-
piece (16) located at a second end region of the bore
(14) and configured for a user to apply a suction force to
draw the vapour (V) along the bore (14) from the wick
(18) to the mouthpiece (16); a second heater (24) con-
trollable to heat the interior surface (12a) in order to limit
heat transfer from the vapour (V) in the bore (14) to the
interior surface (12a); and a controller (26) configured to
control the second heater (24) to heat the interior surface
(12a) to maintain the temperature of the interior surface
(12a) above a dew point of the vapour (V), thereby to
prevent the vapour (V) from cooling to the dew point and
condensing on the interior surface (12a).
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to vapour gener-
ating devices, and more particularly to the prevention of
condensation within vapour generating devices.

BACKGROUND

[0002] Vapour generating devices, such as electronic
cigarettes and other electronic nicotine delivery systems
(ENDS), have become popular as substitutes for tradi-
tional means of tobacco consumption such as cigarettes
and cigars.

[0003] Devices for vaporisation or aerosolisation typi-
callyinclude a heating wall arranged to heat a vaporisable
product from an inlet surface to an outlet surface. In op-
eration, the vaporisable product is heated and the con-
stituents of the product are vaporised for the consumer
to inhale. In some examples, the product may comprise
tobacco in a capsule or may be similar to a traditional
cigarette, in other examples the product may be a liquid,
or liquid contents in a capsule.

[0004] Some vapour generating devices generate a
vapour or aerosol from a vaporisable liquid, for example
using a heater coil which applies heat to a liquid held in
a wick in order to vaporise the liquid. A common problem
is the generation of condensation within the device. Ex-
cess condensation can lead to droplets of liquid reaching
the consumer’s mouth, causing an unpleasant experi-
ence for the consumer. Condensation build-up is also
undesirable because it can make it appear to the con-
sumer that the device is leaking liquid.

[0005] Some devices comprise spiral tube arrange-
ments or other convoluted vapour flow paths, aimed at
minimising the risk of condensation reaching the con-
sumer’s mouth. However, these may not be very effective
and they may complicate the manufacture of the device.
[0006] The presentinvention aims to alleviate at least
to some extent these problems of conventional vapour
generating devices.

SUMMARY OF INVENTION

[0007] According to an aspect of the invention, there
is provided a vapour generating device comprising: a wall
comprising an interior surface that defines a bore; a wick
located at a first end region of the bore and arranged to
receive a liquid; a first heater arranged to vaporise the
liquidin the wick to produce a vapourin the bore; a mouth-
piece located at a second end region of the bore and
configured for a user to apply a suction force to draw the
vapour along the bore from the wick to the mouthpiece;
a second heater controllable to heat the interior surface
in order to limit heat transfer from the vapour in the bore
to the interior surface; and a controller configured to con-
trol the second heater to heat the interior surface to main-
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tain the temperature of the interior surface above a dew
point of the vapour, thereby to prevent the vapour from
cooling to the dew point and condensing on the interior
surface.

[0008] The invention provides a heater for heating the
material of the interior surface along the flow path of the
vapour. Controlling the temperature of the interior sur-
face, to remain above the dew point of the vapour, en-
sures that the vapour will not cool down to its dew point
and thus will not condense on the interior surface.
[0009] Furthermore, heating the interior surface in this
manner tends not to increase significantly the tempera-
ture of the vapour itself. This is highly advantageous,
since the applicant’s own sensory tests have shown that
excessively high vapour temperatures are detrimental to
the vaping experience for the user.

[0010] The invention therefore solves the problem of
condensation in the device, without detriment to the user
experience in respect of vapour temperature.

[0011] As used herein, a "vapour generating device"
is a device arranged to heat a vapour generating product
to produce a vapour for inhalation by a consumer. A va-
pour generating device can also be referred to as an aer-
osol generating device or an electronic cigarette. In the
context of the present disclosure, the terms vapour and
aerosol can be used interchangeably. The vapour gen-
erating product, or aerosol generating product, can be a
liquid or a combination of a liquid and a solid such as a
fibrous material. The vapour generating product may also
be referred to as an e-liquid. The liquid or e-liquid may
comprise colourants, flavourings, tobacco, nicotine, pro-
pylene glycol, glycerine and/or other chemical compo-
nents.

[0012] It will be understood by the skilled person that,
in general, dew point is the temperature at which a sam-
ple of moist air (or other liquid vapour) at constant pres-
sure reaches saturation. At this saturation temperature,
further cooling results in condensation of liquid. As used
herein, "dew point" means the temperature at which the
vapour in the bore of the device would condense into
liquid. The dew point is a function of temperature and
relative humidity. It may be determined by calculation
according to a variety of established conventional meth-
ods, for example the Magnus formula, or it may be de-
termined by reference to values of temperature and rel-
ative humidity obtained by experiment, contained for ex-
ample in look-up tables or psychrometric charts.

[0013] The vapour generating device may comprise: a
vapour temperature sensor located in the bore and con-
figured to detect a temperature of the vapour; a humidity
sensor located in the bore and configured to detect a
relative humidity of the vapour; and a surface tempera-
ture sensor located at the interior surface and configured
to detect a temperature of the interior surface, wherein
the controller is configured to: determine the dew point
of the vapour based on the detected values of vapour
temperature and relative humidity; and compare the val-
ue of the dew point to the detected value of the temper-
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ature of the interior surface, thereby to control the second
heater to heat the interior surface to maintain the tem-
perature of the interior surface above the dew point.
[0014] The controller may be configured to calculate
the dew point based on the detected values of vapour
temperature and relative humidity.

[0015] The controller may be configured to infer the
dew point from the detected values of vapour tempera-
ture and relative humidity, based on a range of values of
vapour temperature and relative humidity that are stored
in memory and are accessible by the controller.

[0016] Each ofa pre-determined value of the dew point
and a pre-determined target value of interior surface tem-
perature may be stored in memory and is accessible by
the controller, the pre-determined target value of interior
surface temperature being greater than the pre-deter-
mined value of dew point; and the controller may be con-
figured to control the second heater to heat the interior
surface to maintain the temperature of the interior surface
atthe pre-determined target value of interior surface tem-
perature.

[0017] The second heater may be located between the
wick and the mouthpiece.

[0018] The second heater may be located between the
interior surface of the wall and an exterior surface of the
wall.

[0019] The second heater may form part of the wall,
such that the second heater comprises the interior sur-
face of the wall.

[0020] The second heater may comprise an element
which extends continuously around a longitudinal axis of
the bore so as to fully surround the bore.

[0021] The second heater may comprise spaced-apart
elements, each of the elements extending partially
around a longitudinal axis of the bore so as to partially
surround the bore.

[0022] The controller may be configured to activate the
first and second heaters at the same time.

[0023] The controller may be configured to activate at
least one of the first and second heaters in response to
application of said suction force by the user.

[0024] The controller may be configured to deactivate
the first and second heaters at the same time.

[0025] The controller may be configured to deactivate
at least one of the first and second heaters in response
to cessation of said suction force by the user.

[0026] Theliquid may comprise propylene glycol, glyc-
erine, flavourants, or nicotine.

BRIEF DESCRIPTION OF DRAWINGS

[0027] An example will now be described with refer-
ence to the accompanying Figure 1, which is a simplified
cross-sectional view of a vapour generating device com-
prising a heater for preventing condensation, in accord-
ance with the invention.
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DETAILED DESCRIPTION

[0028] Referring to Figure 1, a vapour generating de-
vice 10 comprises a body containing a tubular wall 12
having an interior surface 12a and an exterior surface
12b. The interior surface 12a of the tubular wall 12 defines
a bore 14 that extends along a central longitudinal (or
vertical) axis Z of the device 10. Ambient air A is able to
enter the device 10 and to reach the bore 14 via a flow
passage.

[0029] Inthis example, the tubular wall 12 and the bore
14 are circular in cross-section. In this example, the bore
has a length (or height) of about 29 mm and a diameter
of about 3 mm and a cross-sectional area of about 7
mm2. In this example, the tubular wall 12 is constructed
from plastics.

[0030] A first (or upper) part or end of the tubular wall
12 comprises a mouthpiece 16 configured for engage-
ment with the mouth of a consumer or user of the device
10. Awick 18 is located at a second (or lower) part of the
tubular wall 12 and extends across the bore 14 in a trans-
verse (or horizontal orX-Y) direction, i.e. in a plane sub-
stantially normal to the longitudinal axis Z. A storage res-
ervoir or tank 20 containing an e-liquid L is formed within
the tubular wall 12 and is arranged to be in fluid commu-
nication with the wick 18 so that the wick 18 can receive
and absorb the e-liquid L by means of capillary action.
[0031] A first heater 22, which in this example is a me-
tallic heater coil, extends around the wick 18 and is op-
erable to vaporise the e-liquid L held by the wick 18. The
bore 14 defines a flow channel for flow of the vapour V
from the heater coil (and the wick 18) to the mouthpiece
16 for inhalation by the user.

[0032] A second heater 24, which in this example is an
electrical resistance heater, is located between the wick
18 and the mouthpiece 16. More particularly, in this ex-
ample the second heater 24 is generally tubular in shape
and is located between the interior surface 12a and the
exterior surface 12b of the tubular wall 12 (i.e. within the
thickness of the material of the tubular wall 12), such as
to surround the longitudinal axis Z and to extend in the
axial direction along about 80% of the length of the bore
14.

[0033] A controller 26 (e.g. a microprocessor) is locat-
ed within the device 10 at a lower part thereof. The con-
troller 26 is configured to control the first and second
heaters 22, 24, as will be described later herein.

[0034] Inthisexample, the device 10 includes a sensor
system for providing temperature and humidity data for
the determination of dew point and thermal management
of the device 10. The sensor system comprises: a vapour
temperature sensor 28a located in the bore 14 and con-
figured to detect a temperature of the vapour V therein;
a humidity sensor 28b located in the bore 14 and config-
ured to detect a relative humidity of the vapour V therein;
and a surface temperature sensor 28c located at the in-
terior surface 12a of the tubular wall 12 and configured
to detect a temperature of the interior surface 12a. Each
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of the sensors 28a-c is connected to the controller 10 in
order to provide data thereto. The temperature sensors
28a, 28c may be of any suitable type, e.g. thermocouple,
thermistor, or the like. The humidity sensor 28b may be
of any suitable type, e.g. resistive sensor, capacitive sen-
sor, hygrometer, or the like.

[0035] The operation of the vapour generating device
10 will now be described.

[0036] Inuse, a suction force is applied by the user via
the mouthpiece 16. In response to the application of the
suction force, the controller 26 activates the first heater
24 to cause e-liquid L held in the wick 18 to be heated
and vaporised. The vapour V (or aerosol) so produced
has a high level of moisture containing droplets of the
constituents of the e-liquid L.

[0037] The vapour V is drawn along the bore 14 under
the suction force so as to reach the mouthpiece 16 and
thereby the user’s mouth. The vapour V will come into
contact with the interior surface 12a of the tubular wall
12 as the vapour V migrates along the bore 14 toward
the user’s mouth. If the temperature of the interior surface
12a is lower than the temperature of the vapour V then
heat will be transferred (lost) from the vapour V to the
interior surface 12a. In this case, there is a risk that the
temperature of the interior surface 12a might be suffi-
ciently low, and the heat transfer from the vapour V to
the interior surface 12a sufficiently high, that the vapour
V will be cooled to its dew point so that condensation will
form on the interior surface 12a.

[0038] As has been discussed herein above, the for-
mation of condensation in the device 10 is undesirable.
Thus the device 10 is operable to prevent the formation
of condensation on the interior surface 12a, as follows.
[0039] The controller 26 monitors: the temperature of
the vapour V in the bore 14, based on measurement data
received from the vapour temperature sensor 28a; the
relative humidity of the vapour V in the bore 14, based
on measurement data received from the humidity sensor
28b; and the temperature of the interior surface 12a,
based on measurement data received from the surface
temperature sensor 28c. The controller 26 determines
the dew point of the vapour V, based on the temperature
and relative humidity of the vapour V in the bore 14. In
this example, the dew point is determined by calculation.
The calculation of the dew point may be according to any
suitable conventional method, e.g. the Magnus formula.
[0040] The controller 26 compares the temperature of
the interior surface 12a to the dew point of the vapour V.
If the controller 26 determines that the temperature of
the interior surface 12a is less than the dew point of the
vapour V, there is a risk that heat could be lost from the
vapour V to the interior surface 12a, so that the vapour
V could cool to the dew pointand condense on the interior
surface 12a. In this case, the controller 26 activates the
second heater 24 to apply heat to the interior surface
12a, in order to increase the temperature of the interior
surface 12a to a value that is greater than the dew point
of the vapour V. The controller 26 monitors the temper-
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ature of the interior surface 12a and controls the second
heater 24 to apply heat to the interior surface 12a as
needed, in order to maintain the temperature of the inte-
rior surface 12a above the dew point of the vapour V, at
least while the suction force is present.

[0041] Thus a temperature differential (or a potential
temperature differential), between the interior surface
12a and the dew point of the vapour V, is controlled (re-
duced) so as to limit heat loss from the vapour V to the
interior surface 12a. Maintaining the temperature of the
interior surface 12a above the dew point of the vapour
limits the heat transfer such as to prevent the vapour V
from cooling to the dew point, thereby preventing the for-
mation of condensation on the interior surface 12a.
[0042] In an example, the temperature of the vapour
Vin the bore 14 may be about 60-70 °C and the relative
humidity may be about 90 %. The dew point may be about
55 °C. The unheated interior surface 12a (i.e. unheated
by the second heater 24) may have a temperature of
about 30 °C. Thus the temperature differential between
the vapour V and the unheated interior surface 12a may
be up to about 40 °C. This temperature differential and
a high relative humidity could result in formation of con-
densation on the interior surface 12a. The risk of con-
densation may be mitigated by heating the interior sur-
face 12a (i.e. by activating the second heater 24) to some
maintenance temperature above 55 °C, for example any
temperature between about 56 and 70 °C. The interior
surface 12a may be set and maintained at this temper-
ature for a period of time while the suction force is applied,
i.e. while the user "puffs" on the device 10. The period
of time may be, for example, about 3 seconds. The sur-
face maintenance temperature is high enough to prevent
the formation of condensation, but low enough (and over
a short enough duration) to avoid increasing the temper-
ature of the vapour V to an undesirable extent. Thus con-
densation may be avoided without detriment to the user
experience.

[0043] Some variants of the inventive device will now
be discussed.

[0044] In the above-described example, the controller
calculates the dew point of the vapour, based on meas-
ured vapour temperature and relative humidity. In anoth-
er example, the controller takes the measured vapour
temperature and relative humidity values and infers the
dew point from them, based on data stored in memory.
The stored data may be experimental data containing
values of vapour temperature, relative humidity and dew
point, for example in look-up tables or psychrometric
charts.

[0045] While the above-described example comprises
a particular arrangement of sensors for measuring or de-
termining temperature and humidity, it will be understood
that different types and/or numbers of sensors could be
provided and these could be arranged in different ways
to achieve the same result. All such arrangements are
within the scope of the claimed invention.

[0046] In examples, the vapour temperature and hu-
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midity sensors are omitted. In some of these examples,
a pre-determined value of dew point of the vapour is
stored in memory and is compared with the measured
temperature of the interior surface of the tubular wall, as
has been described herein above. The pre-determined
representative value of dew point may be derived and
selected by experiment as part of the design process of
the device. In others of these examples, the interior sur-
face temperature sensor is also omitted from the device.
Inthese examples, a pre-determined value of interior sur-
face temperature is stored in memory, and the controller
is operable to control the second heater to maintain the
interior surface temperature at (or above) the pre-deter-
mined temperature value. Of course, the pre-determined
temperature value is selected to be greater than the pre-
determined value of dew point, to ensure that the vapour
does not cool to the dew point. Thus, in a basic form of
the device, the controller is simply programmed to control
the second heater to maintain the heated interior surface
at some pre-determined temperature value, which is
greater than a pre-determined representative value of
vapour dew point, so as to prevent the vapour from cool-
ing to the dew point and condensing on the interior sur-
face.

[0047] In each example described herein, the control-
ler preferably controls the second heater to heat the in-
terior surface each time the suction force is applied by
the user, i.e. the second heater is activated by the con-
troller in response to the application of the suction force.
Preferably, the controller is arranged to control the first
heater as well as the second heater, and to activate the
first heater in response to the application of the suction
force. The first and second heaters may be configured
to be deactivated at the same time. One or both of the
first and second heaters may be configured to be deac-
tivated in response to cessation of the suction force. The
first and second heaters may each comprise a part of a
heater system that is controlled by the controller.
[0048] While in the above-described example the va-
pour generating device (first heater) comprises a heater
coil wound around a wick, in other examples different
means of liquid delivery and/or heating/vaporisation are
provided. All such arrangements are within the scope of
the claimed invention.

[0049] While the above-described example comprises
a particular arrangement of the second heater, it will be
understood that the second heater could take a wide va-
riety of different forms. For example, the second heater
may form part of the tubular wall such that the second
heater comprises the interior surface of the wall. The sec-
ond heater may comprise a plurality of discrete elements,
which may be arranged in a variety of ways. For example,
the elements may be spaced-apart, each of the elements
extending partially around the longitudinal axis of the
bore so as to partially surround the bore. The second
heater may even be located in the device at some dis-
tance from the bore. In this case, a heat conductor ele-
ment is provided to transmit heat from the second heater
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to the interior surface. All such arrangements are within
the scope of the claimed invention, provided that the sec-
ond heater is controllable to heat the interior surface so
as to maintain the temperature of the interior surface
above the dew point of the vapour.

[0050] It should be understood that the invention has
been described in relation to its preferred embodiments
and may be modified in many different ways without de-
parting from the scope of the invention as defined by the
accompanying claims.

Claims
1. A vapour generating device (10) comprising:

a wall (12) comprising an interior surface (12a)
that defines a bore (14);

a wick (18) located at a first end region of the
bore (14) and arranged to receive a liquid (L);
afirst heater (22) arranged to vaporise the liquid
(L) in the wick (18) to produce a vapour (V) in
the bore (14);

a mouthpiece (16) located at a second end re-
gion of the bore (14) and configured for a user
to apply a suction force to draw the vapour (V)
along the bore (14) from the wick (18) to the
mouthpiece (16);

a second heater (24) controllable to heat the in-
terior surface (12a) in order to limit heat transfer
fromthe vapour (V) in the bore (14) to the interior
surface (12a); and

a controller (26) configured to control the second
heater (24) to heat the interior surface (12a) to
maintain the temperature of the interior surface
(12a) above a dew point of the vapour (V), there-
by to prevent the vapour (V) from cooling to the
dew pointand condensing on the interior surface
(12a).

2. A vapour generating device (10) according to claim
1, comprising:

a vapour temperature sensor (28a) located in
the bore (14) and configured to detect a temper-
ature of the vapour (V);

a humidity sensor (28b) located in the bore (14)
and configured to detect a relative humidity of
the vapour (V); and

a surface temperature sensor (28c) located at
the interior surface (12a) and configured to de-
tect a temperature of the interior surface (12a),
wherein the controller (26) is configured to:

determine the dew point of the vapour (V)
based on the detected values of vapour
temperature and relative humidity; and

compare the value of the dew point to the
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detected value of the temperature of the in-
terior surface (12a), thereby to control the
second heater (24) to heat the interior sur-
face (12a) to maintain the temperature of
the interior surface (12a) above the dew
point.

A vapour generating device (10) according to claim
2, wherein the controller (26) is configured to calcu-
late the dew point based on the detected values of
vapour temperature and relative humidity.

A vapour generating device (10) according to claim
2, wherein the controller (26) is configured to infer
the dew point from the detected values of vapour
temperature and relative humidity, based on arange
of values of vapour temperature and relative humid-
ity that are stored in memory and are accessible by
the controller (26).

A vapour generating device (10) according to claim
1, wherein:

each of a pre-determined value of the dew point
and a pre-determined target value of interior sur-
face temperature is stored in memory and is ac-
cessible by the controller (26), the pre-deter-
mined target value of interior surface tempera-
ture being greater than the pre-determined val-
ue of dew point; and

the controller (26) is configured to control the
second heater (24) to heat the interior surface
(12a) to maintain the temperature of the interior
surface (12a) at or above the pre-determined
target value of interior surface temperature.

A vapour generating device (10) according to any
preceding claim, wherein the second heater (24) is
located between the wick (18) and the mouthpiece
(16).

A vapour generating device (10) according to claim
6, wherein the second heater (24)is located between
the interior surface (12a) of the wall (12) and an ex-
terior surface (12b) of the wall (12).

A vapour generating device (10) according to claim
6, wherein the second heater (24) forms part of the
wall (12), such thatthe second heater (24) comprises
the interior surface (12a) of the wall (12).

A vapour generating device (10) according to any
one of claims 6 to 8, wherein the second heater (24)
comprises an element which extends continuously
around a longitudinal axis of the bore (14) so as to
fully surround the bore (14).

10. A vapour generating device (10) according to any
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1.

12.

13.

14.

15.

one of claims 6 to 8, wherein the second heater (24)
comprises spaced-apart elements, each of the ele-
ments extending partially around a longitudinal axis
of the bore (14) so as to partially surround the bore
(14).

A vapour generating device (10) according to any
preceding claim, wherein the controller (26) is con-
figured to activate the first and second heaters (22,
24) at the same time.

A vapour generating device (10) according to any
preceding claim, wherein the controller (26) is con-
figured to activate at least one of the first and second
heaters (22, 24) in response to application of said
suction force by the user.

A vapour generating device (10) according to any
preceding claim, wherein the controller (26) is con-
figured to deactivate the first and second heaters
(22, 24) at the same time.

A vapour generating device (10) according to any
preceding claim, wherein the controller (26) is con-
figured to deactivate at least one of the first and sec-
ond heaters (22, 24) in response to cessation of said
suction force by the user.

A vapour generating device (10) according to any
preceding claim, wherein the liquid (L) comprises
propylene glycol, glycerine, flavourants, or nicotine.
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