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COMBINED CEILING FAN AND LIGHT FITTING

TECHNICAL FIELD .
 The inventioh described herein relates to a combined light fitting and
ceiling fan having blades that are compactly folded when the fan is not in use

and that move outwardly when the fan is started. More parttcularly the

mventlon relates to 1mproved fan blades for such an apphance
BACKGROUND ART '

Ceiling fans have long been recogﬁized and used as an inexpensive
way to provide movement of air: witr;in rooms of buildings. They can be simple .
to use and install, safe, and inexpensive to buy and run when compared to

" such alternatives as for example refrigerated and evaporative air conditioning

units. They can often provide a surprisingly effective alternative to air

~ conditioning aé the air movement they generate can evaporate skin
' perspvratlon wrth a resultmg cooling effect.

It is known to combine ceiling fans with hghtmg means, as firstly itis a
common requirement to provide ceiling mounted light sources, and secondly it
ié'bohvenient to provide a éingle power supply to operate & combined fan and’
ight fitting. , ;

Less commoanly, it has also been known to provide a combined light
fitting and ceiling fan with some form of folding or retracting blade
arrangement. Le Velle has described three versions. US Patent 1445402
discloses a light fitting and ceiling fan in which ’bléd-es move outwards under
centrifugal force when the fan is switched on, and are refracied by spn’ngs. '
when the fan is switched off. US PatentsA 1458348 and 2079942 disclose
improved versions, in which (unlike the early version of Patent 1445402') the
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inward and outward movements of the blades are synchrbnized.

Synchronizing blade movement is impaortant for preserving satisfactory |

balance of the rotating parts of the fan. More recently, a combined light fitting

and ceiling fan has been disclosed by Villella (see international patent

publication WO 2007/0060986) with a concealed and simple biade movement
| synchronizing arrangement that lends itself to modern design. '

A problerﬁ in the design of a combined light fitting and ceiling fan is to
prbvide blades that when in use can provide dseful air moVihg performance
without requiring excessive power and that when not iri use can fold into a
reasonably cofnpact overall fom/m The present invention addresses this
problem. ' '

'References above and elsewhere in this specification to certain patents
are not intended as or o ‘bye taken as admitting that anything therein forms a
part of the common general knowledge in the art in any place.

~SUMMARY OF THE INVENTION

A combined ceiling fan and light fitting will in 1hlS specsﬂcatlon be
referred to as a fan/light for convenience and brevity,

The invention relates to fan/lights having a plurality of fan blades that
move outwardly to operating positions during fan operation and inwardly to
stowed pasitions when fan operation ceases. Movement of the fan blades
outwardly may be by action of centrifugal force when the blades are rqtated
about a fan axis by a motdr. Retraction of the fan blades to their stowed |
positions may be by action of resifient means, for example one or more
springs. S '

The blades are adapted and arranged when in their operating positions
to move air dqwnward as they rotate, ‘and_ When in their stowed positions to lie

. within a defined radius from the fan axis, such as the radius of a translucent

enclosure of circular form (when seen in plan view) for light emitting devices
_such as incandescent lamps. Each blade when stowed may overlap at least
one other blade.

~ Preferred forms and relative positionings.of blades are discloséd that
are beheved to provide a usefut balance between the requirements of
reasonable air movement and compact stowage of the blades when nat in
use. These forms are particulanly characterized by certain distributions of
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incidence, blade chord (distance measured from leading edge to trailing edge)
and dihedral. They are préferably of aefofoil cross section with such camber
that lower blade surfaces are concave and upper blade surfaces convex.

More specifically, the invention provides in a first aspect a combined

‘ceiﬁng fan and light fitting having a plurahty of fan blades, wherein:

each blade is pivotally mounted so as to be pivotable about an ubright-

pivot axis of the blade between a stowed pdsitiori and a deployed position;

each blade when in its stowed position lies within a specified radius
from an upright fan rotatiégn axis and above a light fitting portion and has an air
moving portion tﬁat in the déplqyed posiﬁon of the blade extends beyond said -
specified radius; and ' |
| each blade is generally elongate and arcuate when seen in plan viéw,
and in its stowed position extends peripherally within said specified radius
between its pivot axis. and a tlp end of the blade and partially overlies a
neighbouring one of the blades in its own stowed position;
~ thercombined celling fan and light fitting characterized in that:

(a)  each blade initially rises in height above a datum height with incféasing
distance along the biade from its pivot axis end so that the blade when
in its stowed 'positioh ove'rliés the pivot axis end of the neighbouring
blade in‘its own stowed posmon and o |

{b)  with increasing distance from a mvot-ax(s end of the air movmg portzon

‘towards the tip. end of the blade the ieading edge of the air moving ~
portion"ﬁrst increases in height above the said datum height and then
turns downwardly whereby to limit the height of the tip end above the
datum height. S ' |

“The term “néighbouring blade” here means a blade that is first found by

rr'xoving' peripherally fdm:ard (i.e. in the direction of fan rotation) from ohe |
blade. | | -
The'pbrase “tums[downwérdly" here does not necessarily mean that
with increasing distance toward the tip end from such turning down the blade
begins to actually descend. Rather it means that the blade increases in height

~ at a lesser rate than before the turning down, which may still be positive

although that is not to preclude a zero or negative rate of height increase,
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“blades,

Thué, the leading edge of the air moving portion of each. blade may‘

_ have a peak height above the datum height at a.position between the pivot-

axis end of the air moving portion and thé tip end of the blade.

_Further, the height above the datum height of the leading edge of the .
air moving p‘ortibn may decline from said peak height _w_ith ihcreasing distance .
along the Ieading edge toward the tip end of the blade.

The “specified radius’f may be approximatély aradius of a light fitting
portion that is comprised in the combined ceiling fan and light fitting and
Iocated beiow the blade and théf is of circular shape when seen in plan view. .

- The “datum height” may, purely for example, be the height of an upper
surface of a honzon’tal platelike member to which each of the blades is
pivoiably mounted as in the case of the construction descnbed by Viliella.

The air mqvmg portion of each blade may have a trailing edge that
when'seen in plan view is approximately a circular arc which when the blade
is m its stowed position said is substantially centred on the fan rotation axis.
Th|s arrangement allows eﬁedavely use of the available space above a light
fitting portion that is round when seen in plan view. ‘

" Preferably, for eac‘h blade when in its stowed' position the radial
distance between the leading and trailing edges of the air moving portion
reduces prbgre_ssively. (i.e. the blade tapers as seen in plan view) froma.
maximum value bartway along-the length of the air moQing portion towards

" the blade tip end.

More preferably, when all blades are. in their stowed posmons there is

. for each blade a first point on the leading’ edge of its air moving portion where )
-the blade overlies its neighbouring blade which ‘ﬁrst"point when seen in a

nofional radial plane including the fan rotation axis lies at a greater radius than'
a 'second point in the same notional plane that is on the leading edge of the
overlain neighbotring blade.
Still more preferably, the said first pomt may. be ata helght above the
daium height not exceeding the height of the said second point.
’ These arrangements can enhance the compactness of stowage c_>f the

It is preferred that the air moving portion of each blade has in the
deployed position of the blade a maximum angle of incidence o the horizontal
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" at aposition partway along the air moving portion the angle of incidence

decreasing with increasing distance from that position of maximqm incidence
towards the tip end of the blade.
Preferably also, the air moving portion has a positive angle of incidence

to the horizontal at its pivot-axis end.

The position partway along the air moving portion of each blade at
which its incidence to the horizontal is a maximum when the blade is in its
deployed position may be radially inboard of a position at which the blade
ghord measured along an arc centred on the fan rotation.axis is at a maximum
\}alue. tis thbught {but.not asserted) that this feature may smooth the
distribution of downward thrust on the air along the blade, so reducing
ihduoéd dravg on the blade. |

. Although afdaptable'to other numbers of blades, for example three or

| five, the number of blades is preferébly four with the blades’ pivot axes being

spaced 90 degrees apart from each other peripherally.

' That section of each blade between its pivot axis and its fip end when
the blade is in its stowed position may subtend an angle of about 160 to 170
degrees at the fan rotation axis. Values in this range allow reasonable blade
areas within the avallable stowage space above the hght fitting portion, but
without at any point reqwrmg the stacking of more ’than two blades. This
assists in obtaining compact blade stowage. _

Preferably, each blade pivots through an angle of about 180 degrees to
move from its stowed posutaon to its deployed position, This gives a-
satisfactory blade-swept area for a given blade size.

- Preferably, the air moving section of each blade is upwardly cambered
(i.e.concave downwards) between its leading and trailing edges when seen in
cross-section on 3 cylindrical surface centred on the fan rotation axis and |
intersecting the air moving section at a radius betweén the specified radius

‘and the bladé tip end.

It is also preferred for efficient air moving that the air moving section of

gach blade has a rounded leading edge and a sharp traili‘ng_edge over at least

part of its aio'ng—blade length when seen in cross-section on a cyl‘indrical
surface centred on the fan rotation axis and intersecting the air moving
section at a radius between the specified radius and the blade tip end.
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The minimum height difference between each blade and its
neighbouring blade when the blades are in their stowed positions may
advantageously occur approximately where the blade overlies its
neighbouring blade. If an overlying blade sags slightly, as may be the case

* with bladés moulded from certain plastics if left unused for some time, this _
- arrangement has been found fo support the outer part of the blade reasonably

well once contact between a blade and its underlying neighbour has been
made. ‘ . S .
The invention provides in another aspect a combined ceiling fan and
light fitting having a plurality of elongate and arcuate planform blades that can
move pivotally about upright axes between ﬁmﬂy stowed positions above a |
light fitting enclosure and secondly deployed positions in which the blades
extend outwardly beyond the light fitting, characterized in that leading edges
of the blades when in their deployed positions.‘ﬁrstiy rise with increasing
radius beyond the light fitting enclosure first and thereafter are cranked
downwardly. | |

In this aspect, when the blades are in their stowed positions each blade
overlies a part of its neighbouring blade which part is received in a gap above
the light fitting enclosure and below the underside of the overlying blade said
gap existing by virtue of the cranked shape of the ovarlying blade.

, Each blade may be pivotally mounted to a rotating platelike member

with said gap lying above said platelike member. |

in a third aspect the invention provides a combined ceiling fan and light
fitting havmg air moving blades that in use exhibit gullwing dihedral. It is
thought that such a dihedral form may be advantageous in itself even apan
from its ability to enable compact stowage of retracting blades. “Gullwing
dihedral” is to be taken as meaning that a lifting blade or wing rises beMeen

'its root end and a point or region along its Iength toward its tip end and then

either falls, rémains level or rises more slowly.
- in a further aspect the invention providés a combined ceiling fan and
light fitting having a plurality of fan blades, wherein:

each blade is pzvotaily mounted so as to be pivotable about an upr»ght
pivot axis of the blade between a stowed position and a deployed position,;
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each blade when in its stowed position lies within a specified radius

from an upright fan rotation axis and above a Iight fitting portion and has an air
‘ moving portion that in the deployed position of the blade extends beyond said

speciﬁed radius; and . : _
each blade is generally elongate and arcuate when seen in plan view

“with concave and convex sides and in its stowed position extends peﬁpherally

within said specified radius between its pivot axis and a tip end of the blade,
- characterized in that: ' _ ,
(@)  each.blade when deployed is S0 positioned thata concave side of the
biade faces forward in the blade's directionvof rotation and ec thata
radlally outer portion of the blade’s fength extends both outwardly and

forwardly;

) there is a first position partway along the air moving portion of

the blade at which the blade's chord as measured in a peripheral
dlrectnon has a maximum value and a second position partway along
the air moving portion of _the blade at which the blade has a maximum
posiﬁve angle of incidence to-the horizontal;'and |

{c) the first position is at a greater radius than the second position.
That is, the dts’mbu‘uons of incidence and chord d:sctosed herein are

beheved advantageous in themselves apart from the issue of blade stowage.

* The invention further provldes a blade adapted foruse in fan/ilghts as
disclosed. 4
~ ltis explicitly intended that the speciﬁc four-blade embodiment
described in detail below be taken to be a claimable aspeet of the invention
both as to the proportions of the blades and thelr relative positions when in
their stowed and operating positions.

The invention is preferably applied in fan/lights having certain featu res
of the conétru'ctiqn described in Intemational Patent Publication WO | '
2007/006096 (based on Interational Patent Application No.
PCT/AU2006/000881 by Joe Villeila).

In a still further aspect of the invention there is further provided a
fan/light comprising a plurality of retractable fan blades, wherein:
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each said blade is pivotally mounted to a fan-member that is rotatable

- about an upright fan rotation axis so that said blade is pivotable between a

retracted pésition and an operating position about an upright blade pivot axis
of said fan member; '

each said blade has an elongate and generally arcuate air moving

- blade portion that when said bladg is in the retracted position of said blade

lies within a space bounded by: _
@ an inner cylindrical surface coaxial with said fan rotation axis and
: touching an inner edge of said blade portion; '
by - an_outer,cylfndrical surface coaxial with said fan rotation axis and -
touching an outer edge of said blade portion;
© a first radial plane containing said fan rotation axis -and sald blade pivot
 axis; and | |
(d) asecond radial plane containing said fan rotation éxis and that touches
" atip of the blade, | | |
. so that associated with-_every' point on said blade portion is an angle
theta being an angle between said first radial plane and a radial plane
containing the fan rotation axis and that péint; and '
within.a continuous section of“the blade portion that lies between said
first and s_econd' radial planes, said inner edge increases in height above a
datum height with fncreasing theta, and a radial projection of said inner edge
onto a cylindrical surface coaxial with said fan rotation axis is concave
downwards. _
Preferably, within said continuous section of said blade said i»n'ner edge
increases in height above said datum height with increasing theta until a
maximum value of the inner edge height is first reached at a point thereon

~ whose value of theta is less than the value of theta at the blade tip.

Within said continuous section and for theta values greater than the
smallest valqé at which said inner edge has its maximum height above said
datum height, the height of said inner edge may.decrease with increasing
theta. This particular embodiment corresponds to the preferred embodimént'
described in detail herein.
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In such a fan/light the other preferred features proportions and rélaﬁive.
pasitioning of the blades as described herein may also be app!ied, including
as to the blade trailing edge shape.

Further features, preferences and inventive concepts are disclosed in

the following detailed description and appended claims.

in this specification, mcludung in the appended claims, the word
comprxse {and denvatwes such as “compnsmg" “comprises” and
‘comprised”) when used in relation to a set of integers, elements or steps is

~ notto be taken as precluding the possibility that other integers elements or

steps are present or able to beincluded.

In order that the invention may be better understood there will now be
described, non-ummngiy, preferred embodiments of the invention as shown in
the attached Figures, of which: :

Flgure 1 is'a perspective view from above of a fan/light with retractable
fan blades according to the invention, shown with its blades deployed to thesr
operating positions; ' |

Figure 2 is a perspectlve view from below of the fanflight shown in
Figure 1 wrthllts blades deployed to their operating positions; _

Figure 3 is a perspective from above of the fanflight shown in Figure 1,
now with its fan blades shown in their folded, non-operating positiéris; '

Figure 4 is a perspective view from below of thev féan/light shown in
Figure 1, with its fan blades shown in their folded, n6n~operating positions;

Figure 5 is a plan view of the fanﬂight of Figure 1, with its fan blades "

- shown deployed fo their operating positions;

25

30

Figure 6 is a plan view of the fan/light of Figure 1, with rts fan blades
shown-in their folded non-operating positions;
Figure 7 is a side view of the fan/light of Figure 1, with its fan blades :

shown deployed to their operating positions;

Figure 8 is a side view of the fan/light of Figure 1, with its fan blades'

'shown in their folded, non-operating positions;

Figure 9 is a perspective view from below of a subassembiy ofa
fan/light with retractable fan blades described in International Patent
Publication No. WO 2007/008096 by Villelia;

PCT/AU2008/001874
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Fig‘ure 10 is a schematic plan view of the fan/light shown in Figure 1
showing one blade in both deployed and retracted positions and the other
blades in retracted positions and cham»dotted lines only; .

Flgure 11 is a schematic plan view of the fan/iight shown in Figure 1
with all blades shown in chain-dotted lines in retracted positions and one

" blade also shown in its deployed position the view further showing poSition_s of

a set of cyllndrlcal surfaces mtersectlng, and located at radlally spaced

‘statxons along, the extended blade

Figure. 12 is a set of sections (labeled a — ) on radial planes as defined

. in Figure 10 of retracted blades of the fan/light shown schematical!yiin Figure

10,
Figure 13 is a graph of heights above a datum height of inner and outer
edges of a blade of the fan/light shown in Figure 1, as a functien of

circumferential position when the blade is in a retracted position;

Figure 14 is a graph of radiai distance between inner and outer édges
of a blade of the fan/light shown in Figure 1, as a function of cxrcumferenttai

' posmon when the blade is in a retracted position;

Figure 15is a graph of heights above a datum hexght of inner and outer

edges of all bladés of the fan/light shown in Figure 1, as a function of

circumferential position when the blades are in their retracted positions;
Figure 1’6 is a set of cross-sections ot" the extended blade shown in

Figure 11 taken on planes_ tangentia'l to the arcs shown therein an numbered

110 8;

" Figure 17 is a graph of an angle of incidence to the horizontal of the

extended fan blade shown in Figure 11 as a function of radial position on the

' blade

. thure 18 is a graph of the chord of the extended blade shown in
Figure 11 as a function of radial posmon on the blade.

DETAILED DESCR!PT!ON OF PREFERRED EMBODIMENTS
30 .

~ Figures 1 fo 8 show a fan/light 10 accordlng to the invention. Fanllrght
10 has a non-rotating bow!—hke transiucent enclosure 12 in which is mounted

- - at least one electric lamp (not shown), and is supported from a ceifing by a

tubutar support 13 in known manner. Fanflight 10 also has fan blades 1, 2, 3
and 4 that are rotatable by an electric motor {not shown)‘about an upright axis
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15 coaxial with tubuiar support 13. The electric motor and the lamp are
operable separately or together from a source of electric power that is
supplied through the tubular support 13. The motor is of a known type, wudely

used in ceiling fans, that has-a rotating external casing (not shown) with a

central cavity in which is received the tubular support 13. Enclosure 12 is
circular in plan view, centered on axis 15. '
Blades 1 - 4 each extend outwardly to the operating positions shown in

‘ Figures 1, 2, 5 and 7 when the motor is switched on, and retract (fold) into

positions shown in Figures 3, 4, 6 and 8 when the mqt'or is switched off. The
sense of rotation is és.shown by arrow 7. Each one of blades 1 — 4is pivotally
supported on a blade support plate 14 that supports and rotates with blades 1
-4, is dlsc-shaped is coaxzal with the rotation axis 15 of the motor and is

" secured to the motor's casing. A decorative dust cover 18 is secured on the

support 4 above the blades 1 — 4 when they are in the folded positions shown
in Figures 3, 4, 6 and 8. '

Pivoting of blades 1 - 4 on blade support plate 14 is respectively about
axes 21, 22, 23 and 24 parallel to the axis 15 of rotation of the motor. When
the motor is sthched on, blades 1 - 4 prvot outwardly under the mﬂuence of

_oentnfuga! force pivoting around their respective pivot axes 21 - 24 until the
operatmg posmons shown in Figures 1,2,5and 7 are reached. When the

motor is switched off, blades 1 - 4 are retracted to thelr stowed posmons as
shown in Figures 3, 4, 6 and 8, again plvotmg about their respective axes 21 —

In international patent No. publicatk;n WO 2007/006086 (based on
international Patent Application No. PCT/AU2006/000981 by Villella), which is

| incorporated herein in its entirety by reference, there is describecl a fan/light

generally in accordance with the above principles and amrangement, albeit
with three blades instead of the four blades 1 — 4 of fan/light 10. The present

‘invention in tts preferred embodiment is made in accordance with the

principles and arrangement set out in Villella's disclosure save for the use of
the four blades 1 — 4 instead of three. _ .
- In particular, synchronization of the pivoting movement of blades 1 -4

~ and their retraction, may be by means of a simple adaptation to four blades of

the apbroach disclosed by Villella, now briefly described. Figure 9 (similar to

PCT/AU2008/001874
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Figure 7 of Villella’s publication) shows a subassembly 30 of Villella's fan/light

comprising a motor 34, blade support plate 36 and three blades 31, 32 and
33. (Note: The item numbers used herein to describe subassembly 30 are not
the same as those used in the cited Villelia publication.) Biade support plate
36 is ring shaped and secured to motor 34 (of the rotating casing type '

~ previously mentioned) so as to rotate therewith in its own plane.

Secured below blade support plate 36 is a sun gear 38. (The term “sun
gear” is here used as it is in the art of so-called planetary gearing systems,
where it refers to a gear that meshes with a number of “planetary” gears
arrayed around its periphery.) Sun gear 38 is coaxial with the motor 34 when
support plate 36 is mounted to motor 34, and is able to rotate about its axis
relative to support p!éte 36. Meshing with sun géar 38 are planetary gears 41,

" 42 and 43, each of which rotates as its associated one of blades 31 - 33
.pivots between its stowed and operating positions. Each of gears 41 - 43 is

secured to a short shaft (not visible) that passes downwardly from its
associated one of blades 31 - 33 and can rotate within support plate 36. The

gears 41 - 43 are equispaced around the periphery of sun gear‘ 38 and are

themselves all at the same radius as each other from the rotation axis 35 of
motor 34. The effect of this arrangement is that provided blades 31 - 33 are
identical and identically positioned in their working positions relaﬁve to support
plate 36, they will b'e kept synchronizedlalways when they pivot between their
operating and retracted positions.

To retract blades 31 - 33 when motor 34 is switched off, coil springs 44
are provided. One end of each sprmg is secured to a formation 46 dependlng

from support. p!ate 36 and the other end is secured to a formation 48

-depending from sun gear 38. Coil springs 44 are arranged to be in- tensxon ‘

when blades 31 - 33 are in their retracted position and are extended as
centrifugal force urges blades 31 - 33 out when motor 34 is started. When
motor 34 is stopped springs 44 urge sun gear 38 to rotate relative to support
plate 34 so as to retract the blades 31 — 33.

For further information.on}, and options relating to, this arrangement for
blade synchronization and retraction, refer can be made to the cited |
publication of Vilielia.
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The way to adé'pt this arrangément to the four blades 1 — 4 of the .
embodiment of the present invention here described will be readity apparent
to persons skilled in the art. There would be provided four planetary gears '
(not shown but equsvalent to gears 41 — 43) instead of three, equispaced

‘ 'around the sun gear (not shown, but equivalent to sun gear 38)'and each
‘associated with one blade. ‘ ’

In the foliowing description, it will be assumed that blades 1 —~ 4 are . ‘
pivotally mounted to support plate 14 essenttal!y similar to support plate 36
and synchronized and retracted i in the same way as blades 31 — 33 of

'_ subassem‘bly 30. However, it is emphasized that the aerodynamic design of
‘blades 1 — 4 and the way that they “nest” together when refracted are by no
‘means limited to this particular fanflight constmcﬁon., The éonﬁguration arjd

arrangement of blades 1 — 4 could be applied to fanflights of other
constructions and to fans requiring retractable blades and without any lighting
capability. - , .

, The blades 1 — 4 and their arrangement in fan/light 10 will now Abe
described. Blades 1~ 4-are intended to provide fan/light 10 with a useful
balancé between sétisfactory air-moving pérforrriance, compactness when the
blades are in their stowed (i.e. retracted or folded) p'osiﬁén, together with a
diameter of the translucent enclosure 12 that' is large enoug'h o pfdvide a
reasonably diffuée lighting effect. Thé blades 1 — 4 are intended to lie
substéntially ab'ove“the translucent enclosure 12 when retracted. In the
embodiment shown and described herein, the enclosure 12 has a diameter
that is about 39% of the overall diameter.of fanflight 10 with its blades 1 — 4
extended for operatiovn. The diameter of the hub of a conventlonal ceiling fan
or fan/light without retractable blades is typically smaller than 39% of the
overall diameter over the blades. The larger the diameter of enclosure 12 for a
given ovér’aﬂ diameter, the easier it is o meet the requirement of cofnpact ‘
folding, ‘with b!édes 1 - 4 above enclosure 12, but the more difficult :t is to
provide satisfactory air movihg pen‘ormahoe at normal fan rotational speeds.

A range of from about 36% to about 42% for the above ratio is believed to be
possible by strmghtfowvard adaptation of the b%ade shapes as described
herein, but a figure in the region of 38% to 40% is preferred.
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The geometry of blades 1 — 4 will be described below by reference to
quantities and sections defined in Figures 10 and 11. In the schematic plan
view of Figure 10, enclosure 12 is represented simply by its circular outer
peripheral edge 26. Blades 1 — 4 are all shown in outline in their retracted
positions, blade 1 in solid linés and the others in chain-dotted lines and blade

" 1is also shown in solid lines in its deploved pos:tlon Blades 1 — 4 are -

substant:a!ly identical to each other and are generally scnmltar-shaped i.e. of
arcuate form so as to lie, when retracted, within the enclosure peripheral edge
26 and around the motor (not shown but centred on axis 15). Thé pivot axes
21 -24 are adjacent fo root ends 51 — 54 respecﬁveiy (Figure 11) of blades 1
— 4 and in their retracted position the blades 1 — 4 extend clockwise to tips
(frée ends) 81 — 64 respectively. ltem numbers with the postscript “a” are for
blade 1 in its deployed position and item numbers with the postscript “b” are '
for blade 1 in its refracted position. |
.Blades 1 — 4 of fanflight 10 are shown (by arrow 7) as rotating

. clockwise When seen from above. It is to be understood hcwe\(er, that

counter-clockwise rotation could equally well be chosen, in which case the
term “counter-clockwise” would be applicable where in the present description
“clockwise” now appears, including in the definitions given below of the terms

““next blade” and “previous blade”. (Note that for cbunte_reclockWise rotation,
~ the blades would be made of opposite hand to blades 1~ 4, as it is preferred

that each blade’s leading edge be its concave ong.) 4
_in relation to. any given one of blades 1-4, the term “next blade” refers

; fo the blade whose pivot axis is 80 degrees in the rotation direction (here

clockwise) from the pivot axis of the given blade, and the term “previous

" blade" refers to the blade whose pwot axis is 80 degrees in a counter-

direction opposne to the rotation direction (i.e. counter-clockwise here) from
the pivot axis of the given blade. Thus, in relation to blade 1, the next blade is
blade 2 and tﬁe previous blade is blade 4. The blade shape will be described
mainly by reference to blade 1 for convenience, noting that blades 1 — 4 are
substantially identical. |
To show how blades 1 - 4 are arranged retatwe fo each other in nesting

fashion when retracted, it will be convenient to use sectlonal views on radial
planes, i.e, planes that include the fan axis 15. Such a plane 42 is shown in
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Figure 10 and is shown to be at an angle 8 (theta) to a si:;nilar b!ane 44 that
includes both axis 15 and axis 21 of blade 1.

For discussion of the blade shape from the point of view of
aerodyn'amvic characteristics when in the deployed position, it will be useful to
consider blade sections taken on surfaces that are cylindrical, coaxial with fan

~axis 15, and located at stations radially spaced apart along a blade. Arcs

numbered 1 to 8 in Figure 11 indicate such stations on blade 1. Stations 1 and
8 are respectively at radii of 38% and 97% of the overall fan radius (i.e. '
substantsally at the edge of enclosure 12) with stations'2 —7 radlally
equispaced between stations 1 and8.

Each of blades 1 — 4 pivots through 180 degrees between its retracted
and operating positions. From axis 21 to tip 61, representative blade 1 when

retracted extends from theta = 0 degrees to theta = approximately 168

degrees. The angle 168 degrees is chosen to be close to, but below, 180
degrees so as to préVide a blade 1 whose tip 81 is well clear of enclosure
penpheral edge 26 when blade 1 is deployed, but with no more than two of
blades 1 — 4 overlapping each other-at any point when the blades are
retracted. This is important in keeplng the overall he:ght of the group of blades
1 -4, when retracted, to a compactly small value. Note that if tip 61 where at
theta = 180 degrees, all three of blades 1, 2 and 3 would overlap at theta =
180 degrees. :

' As can be seen in Figures 1, S and 7, representat!ve blade 1 has two
distinct portions, namely a root-end portion 80 and a blade portion B2 which in
the operating position extends oﬁMardly ofy peripheral edge 26 of enclosure
12 and is ‘aerodynamically shaped to facilitate air movement. Blade portion 82
is supported cantilever-fashion from blade portion 80 which is pivotably

‘ secured to blade support plate 14. In the preferred embodiment, pomons 80

and 82 are formed as a single part, for example by injection molding in a

- suitable plastics material.

~ Rootend portién 80 comprises a plate 84 that lies above and,
approkimately paravllel to support plate upber surface 46. A hole 86 in plate 84
permits a stub shaft (not shown) to pass through it and through to the
underside of support plate 14 to be secured ’chére 1o a planet gear (not shown)
of the blade synchroniiation mechanism as described previously. Root end
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portion 80 further cbmprises‘ a blade end plate formation 88 whbse function'is
to provide a suitably strong connection between ’portions 80 and 82 with 'b!ade
portion 82 inclined at an angle of indidenoe to plate 84 (see below).

Figure 12 shows a set of 12 radial sectlons (i.,e. on planes 42) of
representatrve blade 1 and its next and previous blades 2 and 4 in their

" retracted posmons, each section being labeled with its correct value of theta

for blade 1. Radii from fan"axis 15 increase to the right in sections (a) to (). in

~each section, blade support plate 1‘4 is shown, with its outer edge 90 at the

same lateral position on each page fo facilitate comparison betweenthe
sections. Outer edge 90 lies radially just within but ié close to the enclosure
peripheral edge 26 (not shown in Figure 12). '

" Sections (a) to (c) of Figure 12 show how portion 80 of blade 1
transitiohs to the cantilevered air-moving portion 82. ,

As can be best seen in Figure 10, outer edge 94 of portion 82 of -
representatwe blade 1 is very cfose to a circular arc except near the rounded
fip 61, that arc being centred on fan axis 15 when blade 1 is retracted and
having a radtus very close to the radtus of enclosure penpheral edge 26.
Accordmgly outer edge 94 of portlon 82 of blade 1 lies at aimost exactly the

‘same radius as the outer edges of next and previous blades 2 and 4, except

near tip 61, as shown in sections (d) fo (I) of Figure 12.

Figure 10 and sections (a) fo (f) of Figure 12 show that previous blade
4 overlies representative blade 1 between theta = 0 degrees and slightly less
than theta = 90 degrees, but without contact between blades 1 and 4.
Betwéen theté = 90 deg‘reés and theta = 165 degrees (sections (g) to (1))
blade 1 itself overlies next blade 2, wifchout contact between blades 1 and 2.

‘Figure 13 is a graph showing the heights of inner edge 92 and outer
edge 94 'of representative- blade 1 above surféce 46 of support plate 14 as a

function of angle theta. inner edge 92 is higher than outer edge 94 for a given

value of thetg; consistently with blade 1 having an angle of incidence to the
horizontal s0 as to move air downward when deployed (see _below).A Absolute
height figures are used in Figure 13, for a fanflight 10 having an overall swept -
diameter with blades 1 ~ 4 deployed of 1200mm: |

Figure 14 is a graph showing the radial distance between inner edge
92 and outer edge 94 of representative blade 1 when in its retracted position

PCT/AU2008/001874
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as & function of angle t_heta. Absolute radial distances are used in Figure 13,
for a fanflight 10 having an overall swept diameter with blades 1 — 4 deployed
of 1200mm. The curve between data points has not been extended fo the
data point for theta = 165 degrees because that point is affected by rounding

- of tip 61

Figure 15 is a graph showing the same data as Figure 13, but now for
all of blades 1 — 4, in-their respective peripheral éngle (theta) positions, The
initials “LE” and “TE" are used for inner and outer edges 92 and 94
respéctively in Figure 15, because the inner edge of a blade is its feading
edge and the outer edge is its trailing edge, when in the deployed position.
Note that the blade pivot axes 21, 22, 23 and 24 are at angles theta of 0

" degrees, 90 degrees, 180 degrees and 270 degrees, respectively.

Figure 12 = 15 together illustrate how blades 1 — 4 in their retracted
positions “nest” compactly together without any two blades contacting each’
other. It has been found that the arrangement shown can also give’
satisfactory air moving performance. ‘

As illustrated by the edge heights in Figures 13 and 15, representative
blade 1 rises smoothly from its pivot axis 21 (at theta = 0 degrees) fo a point
{at about theta =90 degrees) where if must overlap and clear the next blade
2. However, instead of continuing further upward at the same rate towards its

-tip 61, blade 1 ceases to rise ahy higher, as shown by the leveling off and

then decreasing of the height of inner edge 92 with increasing theta: This
arrangement limits the overall height 96 (Figure 12) above support plate 14 of
the group of blades 1 —4 when refracted. ’fhe maximum value of height 86
occurs for representative blade 1 at about theta = 105 degrees. | |

1t will be noted in Figure 13 and 15 that, after remaining approximately
constant between about theta = 90 degrees and the{a = 120 degrees, outer

- edge height B4 increases again beyond about theta = 120 degrees. As can be

seen from se;itions () to (1) in Figure 12 , and from the sﬁght profrusion of
blade 1 shown in Figure 4, this optional feature means that some slight
sacrifice of compactness in the blade nesting arrangement is incurred
(although without any increase in overall height 96), it is believed to be
aerodynémicafly desirable, as set out later herein, and so is preferred.
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Figure 13 can be interpreted as a partial picture of blade 1 as it would
appear if projected on an imaginary cylindriéaf surface coaxial with fan axis,
with that surface then being laid flat. It is apparent that blade 1 in such a
picture resembles a gull wing, or an aircraft wing with a particular form of
varying dihedral, firstly rising with increasing distance from its root end and

B from a certain point rising no furtheror ata lesser rate towards its tip end.

Figure 15 shows that the inner edge hetght 92 of representatwe

' blade 1 becomes lower than the leading edge helght of its next blade 2 for

values of theta greater than about 150 degrees. This can be seen in sections
(k) and (I) of Figure 12. It does not mean that there is contact between blades
1 and 2 because the reduction in radial width of blade 1 means that inner
edg'e 92 of blade 1 is radié!!y outward of the corresponding edge of blade 2.
In-addition to folding neatly, the blades 1 — 4 must move air downwards

reasonably efficiently when deployed and rotating about fan axis 15, so the

shapes of blades 1 — 4 as they affect air movement will now be discussed.
The arcs in Figure 11 that are numbered 1 -8 represerit a'set of spaced apart
cylindrical surfaces coaxial with axis-15 and radially spaced apart. Aithough

“the downward air flow through fan/light 10 will not in general be precisely axial

(i.e. parallel to axis 15) and therefore occur on such surfaces, a reasonabie
way to discuss blade shape is by reference to the intersections with the
cylindrical surfaces 1 — 8 of representative blade 1 when in its debloyed'
position. | '

It is also helpful'in the following dlscusszon of the representative blade
1 when it is deployed to make mention of values of the angle theta that was
used above in describing its geometry when retracted. Theta is in effecta -
measure of position along the scimitar-shaped blade 1. In Figure 11, there is
shown a non-physical point 101 that if blade 1 were to be retracted would fall
on axis 19, and that when blade 1 is deployed is displaced by 180 degrees

- from axis 15 a'bout the blade pivot axis 21. The value of angle theta

corresponding to a particular feature on deployed blade 1 can be found using
the schematic plan view of Figure 11 by constructing firstly a line joining point
101 to the feature in queétion and secondly a line 102 joining point 101 and
passing through axes 21, 15 and 23. Theta is the angle between these two
lines.
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Figure 16 shows' cross sectional views of blade 1 taken on chords 100
(see Figure 10) that are tangent to the cylmdncal surfaces of stations 110 8.,
These are close approximations to the shapes of the cylindrical surfaces of
intersection between stations 1 to 8 and blade 1, as those surfaces would
appear if laid flat. In the sections of Figure 16, blade 1 moves right to left, so
the !eadmg edge 92 and trailing edge 94 are posmoned as shown. A!though
tralhng edge 94 is of course not strasght in reahty. the views in Flgure 16 are

80 pQSItIO_ﬂEd that the trailing edge 94 in all.sections is vertically aligned to
- facilitate comparisons among them.

Figure 17 is a graph showing alpha (a), the angle of incidence to the

-horizontal of representatiile blade 1 at stations 2 to 8, the meaning of alpha

being illustrated in the section for station 7 in Figure 16. The values of alpha

_plotted in Figure 17 are not taken from the approximate sections of Figure 16,

but are estimates of the values that would be obtained in the manner shown if
the sections of Figure 16 were laid-flat developments of the true surfaces of

'intersection between the cylindrfca! suffac’es numbered 2 to 8 and blade 1.

Figure 18 is a graph showing values of the true chord (i.e. distance
measured directly from Iéading edge 92 to frailing edge 94) of blade 1 at
intersections with the cy!mdncal surfaces numbered 1{o-8. The chord values
are not taken from the approximate sectlons of Figure 16 but are estimates of
the values that would be obtained if the true surfaces of intersection between
blade 1 and the cylindrical surfaces numbered 1 to 8 were obtained and laid

" It has been found that fanflight 10 wifh blades 1 — 4 having the-

~ geometry shown dqes move air reasonably safisfactorily despite the )

comparatively large ratio of the diameter of enclosure 12 to the overall

‘ diameter swept by the deployed blades 1 — 4 and the scimitar-like shape (in

ptan view) of the blades. , v

Genarally, the blades 1 — 4 thrust air downward (and themselves
experience a corresponding reactive fifting force) as they rotate. The
effectiveness of a blade in this (for a given épeed of rot'ation)'is. believed to be
dependent on, at least, its aerofoil-type cross sectional shape, its incidence to
the horizontal, its size (for exémple its chord as measured from leading edge

PCT/AU2008/001874
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to trailing edge), the d‘is’cn‘bution‘ of thesé along the blade’s length (span) and
its shape as seen in plan view. ' ‘ o

As seen in the cross-sections of representative blade 1 in Figure 16,
blades 1 —~ 4 have an aerofoil-type cross-sectional shape, being cambered so
that their lower faces are concave and /their upper faces are convex. Their
leading edges (eg leading edge 92 of representative blade 1) are rounded and
their frailing edges (eg edge 94 of representativé blade 1) are sharp.

E ~ Generally, blades 1 ~ 4 are preferred to have cambered .a'erofoil sections.

10
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30

Representative blade 1 has bositive incidence to the horizontal (an.d is
of cambered aerofoil cross-section) near its pivot end where, wﬁen deployed,
it crosses the enclosure peripheral edge 26, and this is believed to be one .
factor in its air-moving performance. This positive incidence (alpha greater
than'zero) is apparent in the section numbered 1 in Figure 16.

It is thought desirable that the lift distribution {(and the consequent
distribution of air moving effect) along the length of a blade should be '
generally smoothly varying ahd_ in particular that there should be no sfrong
concentration of the effect ciose to the outer (tip) end. Such a concentration is
thought to produce a tendency for high pressure air below the tip area to

" “jeak” upward over the tip end (61 in representative blade 1) to the area

above the fip area, merély agitating the air locally (and wasting power) rather
than moving it bodily downward. Therefore, the distribution of incidence angle
alpha shown in Figure 17 shows that the peak blade incidence of about 20
degrees is at about the radius of station 3 (see Figure 11) and smoothly
decreases with mcreasmg radius to about 10 degrees at statlon 8. (Statlon 3
corresponds very approximately to theta = 60 degrees.)

-The incidence distribution shown in Figure 17 is due in part fo the
optional upsweeping of the blade trailing edge beyond about theta =120 -
degrees that was discussed above. Although a slightly more compact nestlng
of blades 1 ~ 4 is achievable if this upsweeping is not incorporated, it does
appear to be 'beneﬁcia! to the blades' performance due to its effect on the

, mcndence distribufion achieved,

A further way to influence the ixft distribution along the blade is by

control of its width (chord) distribution. If one imagines a scimitar shaped

blade of constant width along its length (for example for all values of the theta) -

PCT/AU2008/001874
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" deployed in the way shown for blades 1 — 4 in Figuré 11, an effect of the

scimitar shape would be that the blade chord, as measured in the
circumferential direction with the blade deployed, would be highest at the
blade tip and root end and lower therebetween. To offset this effect and s0
limit the tendency to concentrate the lifting effect at the tip and root ends,

"blades 1~4 are not‘of constant width. Referring to Figure 14, the blade width

as seen in plan view) is greatest at about theta = 90 degrees and
progressively reduces towards the tip end (61 for representative blade 1). As
can be séen in Figure 11, theta = 90 degrees corresponds approximately to

“station 5. This reduction serves the dual purposes of compact nesting of the

blades when retracted (as discussed above) and obtaining the desired blade
fift distribution. . |

Figure 18 shows the blade chord increasing from a minimum in the
region of stations 2 and 3 before falling away at stat'ionl 8 due to tip rounding.
However, the rate of increase in chord with radius is less than it would bév if

* the blade width did not vary with angle theta in the way described herein. See

also Figure 16, where the alignment of the sections numbered 1 to 8 on the
page allows the distribution of chord with radius to bé seen. '

As mentioned above the blades may be made conveniently by injection
mdlding,in suitable plastics materials. As unobtrusiveness is a desired feature
of fan/lights according to the invention, one way of enhéncing this is to provide
that the blades be formed from a transparent or at least transiucent material.
This feature is believed to be inventive in itself. ‘

Although the blade stowage arrangeirnent and method described herein
provides for stowage of the blades without contact between blades, the
described stowage positions of the blades are such that slight sagging of one

* blade so as to contact another may not cause failure to deploy. it will be noted

in Figure 12 that the sectional view showing the smallest clearance between
blade 1 and itjé next blade 2 is section (g), corresponding to theta = 90

" degrees. This is thought to be a suitable position for minimum clearance and

so for first contact between blades 1 and 2 to occur If after a period of
stowage without fan use, blade 1 should sag slightly. It is thought that after
such contact between blades 1 and 2, the tendency to further sagging would
be limited and the moment arm about axis 21 of any fricﬁoni force due to blade

PCT/AU2008/001874
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cotitact less than for contact between tip 61 of blade 1 and the underlying
blade 2, thus, fimiting the possibility of a failure of blade 1 to deploy on fan

The possibility of blédes that are comparatively thfn,(so that they may

sag over time if not used) also means that the blades when in use may fiex -
~ upwardly toward their"t'ip ends. This can it is believed{advantageoﬂsly dire ct

air slightly more outwardly as wé_ﬂ as downwardlﬁ/ than if the blades were rigid.
" The particular shape of the transiucent lower. sectioh 9 of enclosure 2 is
by no means the only possible one. Even a shape that is not of the circular
sha‘pe in plan, as shown in the Figures 1t0 7 could be used as an alternative
aesthetic choice. | o o .
~ Afurther invention will now be disclosed. in fan/lights such as those
described by Villélla in his aforementioned PCT applfcation, the “sun gear”

- may comprise a single member to which toothed segments are secured for

engagement with the “planet gears”, instead of a compieté gear. This
possibility, which it has been found éan reduce manufacturing costs arises
because suitable sun and plane{ geér propbortions can be chosen which do not
require the sun gear.to rotate far enough during deployment and retraction for
any one toofh thereof to éﬁcounter‘ more than one planet gear. |

It will be readily apparent to persons skilled in the art that many other
variations and choices can be made to the fanflight deécribed above without

exceeding the scope of the invention as stated.
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1, A combined celhng fan and light fttlng havung a plurahty of fan blades
wherein:

each blade is pivotally mounted so as to be pivotable about an upright pivot
axis of the blade between a stowed position and a deployed po‘sition;
| each blade when in its stowed position lies within a specified radius from an.
upright fan rotation axis and above a light fitting portion and has_an air rnoving
portion that in the deployed position of the blade extends beyond said spectﬁed |

radlus and
each blade is generally elongate and arcuate when seen in plan view and in

. its stowed position extends peripherally within said specified radius between its

prOt axis and a tip end of the blade and partlally overhes a nelghbounng one of

the blades in its own stowed posmon

charactenzed in that; , _
(@) ~ each blade m;tlally rises in height above a _datum height with

mcreasmg distance along the blade from its plvot axis end so that the blade when

.in its stowed position overlies the ptvot axis end of the ne!ghbourmg blade in its

own stowed posmon and ‘
(b)  with lncreasmg distance from a plvot—axss end of the air moving

portion towards the tip end of the blade the !eading edge of the air moving portion

first increases in height above the said datum height and then turns downwardly

‘whereby to limit the height of the tip end above the datum height.

2. A combined ceiling fan and light fitting eccording to claim 1 wherein said

'specn” ed radius is approximately a radius of a light fi ttmg portion that is compnsed

in the combined ceiling fan and light fi ttlng and Iocated below the blade and that is .

of circular shape when seen in plan view.

3. A combined ceiling fan and light fitting according to claim 1 or 2 wherein the
leading edge of the air moving portion of each blade has a peak height above the
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| datum height at a posntlon between the pivot-axis end of the air movmg portlon and

the tlp end of. the blade

4. - A combined ceiling fan -and light fitﬁng according to claim 3 Wherein the

- height above the datum. height of the leading edge of the air moving portion

dechnes from sald peak helght with mcreasmg distance a!ong the ieadmg edge 3

toward the tlp end of the blade.

5. A combmed cemng fan and light ﬁttlng aocordmg to any one > of clalms 1 to 4. ‘
wherein the ‘air moving por’aon of each blade has a trailing edge that when seen in
plan view is approxmately a circular arc which when the blade is in its stowed

position said is substantzally centred on the fan rotation axis.

6. A combined ceiling fan and light fitting according to claim'S-wherein for
each blade when inits stowed posntlon the radial distance between the leadmg
and tra:lmg edges of the air moving _portion reduces progresswely from a

' maximum value par.tway along the length of the air moving portion towards the

blade tip end.

7. A 'combined ceiling fan and light fitting- according to claim 6 wherein when

all blades are in their stowed positions there is for each blade a first point on the
‘leading edge of its air moving portion where the blade overlies its. neighbouring -

blade wh:ch first point. when seen in a notional radial plane- mcludmg the fan '
rotation axis lies at a greater radius than a second pointin the same notional plane

that is on the Ieadlng edge of the overlain nelghbourmg blade

8. ' A combined ceiling fan and light fitting according to claifn 7 wherein the said

| first point is at a height above the datum helght not exceedlng the helght of the

sald second pomt
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9. - Acombined Ceiling fan and light fitting according to any oné of claims 110 8
wherein the air moving portion of each blade has in the deployed pos'itién of the
blade a maximum angle of incidence to the horizontal at a. posmon partway along
the air moving portlon the ‘angle of incidence decreasing with increasing distance
from that position of maximum incidence towards the tip end of the’ blade.

10. A combined ceiling fan and light fitting according to any one of claims 1 to 9.
wherein the air moving portlon has a posmve angle of mcudence to the honzontal

at its pivot-axis end.

11, A con_‘ibined ceiling fan and light fitting according’ to claim 9 or 10 wherein
the position partway.along the air moving portion of each blade at which its

_incidence to the horizontal is a maximum when the blade is in its deployed position

is radially inbdard of a 'p'osition at w‘hichvth‘e blade chord measured along an arc

centred on the fan rotation axis is at a maximum value.

12. A combined ceiling fan and light fitting acco‘rding to any one of claims 1 to

~ 11 wherein the number of blades is four and the blades pivot axes are spaced 90 -
. degrees apart from each other penpherally

20 . : o
- 13. A combined ceiling fan and light fitting agcording to claiml 12- wherein that

section-of each blade between its pivot axis and its tip end when the blade is in its .

| 'stowed ‘po’sitiéh subtends ari ahgle of about 160 to 170 degrees at the fan rotation

axis.

4. A w‘mbined ceiling fan and light fitting according tb claim 12'or 13 wherein
each blade pivots through an angle of about 180- degrees to move from its stowed

‘posmon to its deployed posmon

1,5. A combined ceiling fan and light fitting according to any one of.claims 1 to
14 wherein the air 'mqving section of each blade is upwérdfy cambered ‘(i.‘e.
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concave downwards) between its leading and trailing edges when seen in cross-
section on a cylindrical surface centred on the. fan rotation axis and intersecting
the air moving section at a radius between the specified radius. and the blade tlp

end.

16, A combined ceiling fan and light ﬁtting according -to any one of claims 1 to
+ 15 wherein the air moving section of each blade has a rounded leading edge and

a sharp tralhng edge over at least part of its along-blade length when seen in
cross-section on a cylindrical surface centred on the fan rotation axns and
intersecting the air moving section at a radius between the specn‘" ied radius and

the blade tip end.

17. A combined ceiling fan and light fitting according to any one of claims 1 to
16 wherein the minimum height difference between ea_ch blade and its

neighbouring blade when the blades are in their stowed positions occurs

18. A combined ceiling fan and light fitting having a plurality of elongate and
arcuate planform blades that can move pivotally about upright axes between firstly
stowed positions above a light fitting enclosure and secondly deployed posxtzons in

- which the blades extend outwardly beyond the light fitting, characterized in that

leading edges of the blades when in their - deployed positions firstly rise with

" increasing radius beyond the light fitting enclosure first and thereafter are cranked

downwardly.

¢

19. A combined ceiling fan and Ilght fi ttmg according to claim 20 wherein when
the blades are in their stowed posz’uons “each blade overlies a part of its
neighbouring blade which part is received in a gap above the light fitting enclosure

and below‘t'he underside of the overlying blade said gap existing by virtue of the

. cranked shape of the overlying blade.
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20. A combined ceiling fan and Ilght fitting according to clalm 18 or 19 wherein
. .each blade is p:votally mounted toa rotatmg member and said gap lies above said

- platelike member.

21. . A combined ceilihg fan and light fitting havin(g a plurality of fan bladés,
wherein: ' '

each blade is puvotally mounted so as to be pivotable about an upright- prOt
axis of the blade between a stowed posmon and a deployed position; '

: eac;h blade when in its stowed position lies within a specified radius from an
-upright fan rotation axis and above a light fitting portion and has an air moving
'portion'that in the deployed position of the blade extends beyond said specified
radius; and - | | .

each blade is generally eiongate and arcuate when seen in plan view with
concave and convex sides and in its stowed position exte_nds peripherally within
said specified radiué between its pivot axis and a tip end of the blade

characterized in that: o S

(a) .each blade when deployed is so positioned that a concave side of
the blade faces forward fn the blaaefs direction of rotation and so that a radially
outer portion of the blade’s length extends both outwardly and forwardly; ‘
' (b) thére is a first positién partway along the air moving po,rtidn of the
blade at which the blade’s chord as measured in a peripheral direction has a
maximum value and a second position partway élong the air moving portion of the
~ blade at- which the blade has a maximum posmve angle of mcndence to the
,honzontal and - , _

() the fi rst posmon is at a greater radius than the second position.

22. A combination céiﬁng fan and iighf fitting comprising a plurality of

retractable fan blades, wherein:
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each said blade is pivotally mounted to a fan member that is rotatable about
an upnght fan' rotation axis so that sald blade is pivotable between a retracted

. position. and an operattng position about an upright blade p:vot axis of said fan

member; v
each said blade has an elo.nga_te and generally arcuate air moving blade
portion that when said blade is in the retracted position of said blade lies within a

space bounded by:
- (@  an inner cylindrical surface coaxial with said fan rotation axis and -

touching an inner edge of said blade portion;

(b)  an outer cylindrical surface coaxnal with said fan rotatlon aXIS and
touchmg an outer edge of said blade portion; '

(c) a first radial plane contalmng said fan rotation axis and said blade
pivot axis; and ' ,

(d) a second radial plane containing said fan rotation axis and that

touches a tip of the blade,
so that associated with every point on said blade portion is an angle theta

- being an angle between said first radial plane and a radial plane containing the fan

rotation axis and that point; and _ _

within a continuous section of the blade portion that lies between said first
and second radial planes, said inner edge increases in height above a datum
height with increasing theta, and a radial projection of said inner edge onto a
cylindrical surface coaxial with said fan rotation axis is concave downwards.

23, A fan blade adapted for use in a combmed celhng fan and light fitting

- according to any one of claims 1 to 22 .

24. Afan blade according to claim 23 that is sufficiently flexible to bend upward,

towards its tip end when used in a ceiling fan.

2. A comblned celllng fan and llght fitting having a plurahty of fan blades,

wherein:
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each blade is pivotally mounted so as to be pivotablé about a pivot axis of
the blade between a stowed position and a deployed position;

- each blade wheh in its stowed position lies within a specified radius from a
fan rotation axis and above a light fitting portion and has an air inoving portion that
in the deployed position of the blade extends beyond said specified radius; and
| each blade is generally elongate and arcuate' when seen in plan view and in
its stowed position extends peripherally within said specified radius between its

\vaot axis and a tip end of the blade and partially overlies a nexghbounng one of

the blades in its own stowed position;
characterized in that:
(@) each blade initially rises in height above)a datum height with

“increasing distance along the blade from its pivot axis end so that the blade when

in its stowed position overlies the pivot axis end ‘of the neighbouring blade in its
own stowed position and '

(b) with increasing distance from a pivot-axis end of the air movmg ,
pomon towards the tip-end of the blade the Ieadmg edge of the air moving portion’
first increases in height above the said datum height and then turns downwardly
whereby to limit the height of the tip end above the datum height.

26. A combined ceilihg fan and light fitting having a plurality of elongate and
arcuate planform blades that can move pivotally about axes between firstly stowed
positions above a light fitting enclosure and secondly deployed positions in which

the blades extend outwardly beyond the light fitting, characterized in that leading
edges of the blades when ih'their deployed positions firstly rise with increasing . . -

radius beyond the light fitting enclosure first and thereafter are -cranked

doanardly.

27. A combined ceiling fan and light ﬁtting having a plurality of fan blades,

wherein: '
- .each blade is pivotally mounted so as to be pivotable about a pivot axis of

the blade between a stowed position and a deployed position;
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each blade when in its stowed position lies within a specified radius from a
fan rotation axis and above a light fitting portion and has an air moving portion that -
in the deployed position of the blade extends beyond said specified radius; and

~ each blade is Qe‘neral!y elongate and arcuate when seen in plan view with
concave and convex sides and in its stowed position extends peripherally within
said specified radius between its pivot axis and a tip'end of the blade |
| .characterized in that: | ‘

(@) each b!'ade when deployed is so positioned that a concave side of
the blade faces forward in the blade’s direction of rotation and so that a radially
outer portion of the blade’s length extends both outwardly and forwardly; |

(b) there is a first posiﬁon partway along the air moving portion of the
blade at which the blade’s chord as measured in a peripheral direction has a |
maximum value and a second position partway along the air moving portion bf the
blade at which the blade has a maximum positive angle of incidence to the

horizontal; and
(c) .. the first position is at a greater radius than the second position.

28 A combination ceiling fan and' light fitting comprising a plurality of
retractable fan blades, wherein: _ )

each said blade is pivotally mounted to a fan member that is rotatable about
a fan rotation axis so that said blade is pivotable between a retracted posxtlon and

-an operating position about a blade pivot axis of said fan member;

each said blade has an elongate and generally arcuate air movmg b!ade
portion that when said blade is in the retracted position of said blade lies within a

space bounded by: .
(@) an inner cyl'indricali surface coaxial with said fan rotation axis and

touching an inner edge of said blade portion;
(b) an outer cylindrical surface coaxial with said fan rotation axis and

touching an outer edge of said blade portion;
(c) a first radial plane containing said fan rotation axis and said blade

pivot axis; and
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(d) a second radial plane containing said fan rotation axis and that
touches a tip of the blade, ‘
so that associated with every point on said blade portion is an angle fheta
_being an angle between said first radial blane and a radial plané containing the fan
5 rotation axis and that point; and |
within a continuous section of the blade portion that lies between said first
and second radial planes, said inner edge increases in height above a datum
height with increasing theta, and a radial projection of said inner edge‘ onto a
pylihdrical'surface coaxial with said fan rotation axis is concave downwards.
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