1 A lighting device FIELD OF THE INVENTION The invention relates to a lighting device comprising at
least a light source, a light emitting surface, an air inlet aperture, an air outlet aperture and a cooling unit
for moving air from the air inlet aperture through the cooling unit to the air outlet aperture. 5
BACKGROUND OF THE INVENTION Such a lighting device, which is known from US
2005/0111234N;FaRydisfs @ surface from which light is emitted to illuminate a room, for example. The
light emitting surface of the lighting device is located at a front side of the lighting device. The lighting
10device comprises a shell and an optical reflector. A space between the shell and the optical reflector
serves as an air channel. An air inlet aperture of the air channel is located near a socket of the lighting
device whilst an air outlet aperture of the air channel is located at the front side of the lighting device. A
ventilator unit is located between the air inlet aperture and the air outlet aperture for moving air from the
air inlet aperture through the ventilator unit to 15the air outlet, which air dissipates the heat of the LED.
The ventilator gyp{ actsFag-f GRAHUBGTBI It is also possible to reverse the direction of air. If such a
lighting device is mounted in a ceiling or a luminaire which is closed at the back side of the lighting device,

hardly any air flow will be pbS&iBMENERRIRAIeTIRR [ RHEGARACE CRPRESIAALIESTH i g AWES B m the front
side of the lightigtg eleitine) kutheebacki2b istidpethechaattchailendidorrexndusiesliaipaniz ftve ceiling or

between the lighting device and the inaire, thereby heating the. e above the ceiling or between the
fanting device AT ha e LA U AR B RO BB cbject of e
invention @ provide a lighting device in which active cooling by means of the cooling unit is improved.

This object is gecepphshed Dy eaRs Qf bgHigiing device according to the invention in that the air inlet
aperture, the air outlet aperture and at least part of the light emitting surface are located on the same side
of the lighting device. Such a lighting device, which is known from US 2005/0111234 A1, comprises
a surface from which light is emitted to illuminate a room, for example. The light emitting
surface of the lighting device is located at a front side of the lighting device. The lighting
10  device comprises a shell and an optical reflector. A space between the shell and the optical
reflector serves as an air channel. An air inlet aperture of the air channel is located near a
socket of the lighting device whilst an air outlet aperture of the air channel is located at the
front side of the lighting device. A ventilator unit is located between the air inlet aperture and
the air outlet aperture for moving air from the air inlet aperture through the ventilator unit to
15  the air outlet, which air dissipates the heat of the LED. The ventilator unit acts as a cooling
unit. It is also possible to reverse the direction of air.
If such a lighting device is mounted in a ceiling or a luminaire which is closed
at the back side of the lighting device, hardly any air flow will be possible. Furthermore, in
the case that the flow of air is directed from the front side of the lighting device to the back
20  side, the heated air will be exhausted above the ceiling or between the lighting device and the
luminaire, thereby heating the space above the ceiling or between the lighting device and the

luminaire, respectively.

SUMMARY OF THE INVENTION
25 It is an object of the invention to provide a lighting device in which active
cooling by means of the cooling unit is improved.
This object is accomplished by means of the lighting device according to the
invention in that the air inlet aperture, the air outlet aperture and at least part of the light

emitting surface are located on the same side of the lighting device.



2 By having the air inlet aperture as well as the air outlet aperture on the front side of the lighting
device, on which side also the light emitting surface of the lighting device is situated, the lighting device
can be used also in applications where the back side of the lighting device itself is closed or the back side
of the lighting device will be closed off or 5almost closed off by the luminaire or the ceiling. Since the air

inlet aperture and the air oy{etRRg e RRIPCIhlasRIRd RN ReBaPe RiteAs BFeAThPAUHRS the surface
where light is emitted, there is no risk of the flow of air being blocked. The air entering the air inlet

aperture will b&'98 D8I Anagdey |t QReWRIRE I st [0k FREE08 SYIEaihl 1% WIEIOWAY 158 less dust
pollution of thadigihtingl devikghtiNgelaiicdeearing thedaikoitlgimpeartivrewndt bt dissipsitebidin the relatively
large space of the.room in frpnt.o lighti i heating of that will be minimal.

An embodimerlllgc’ﬁ‘J rt%é{%ﬂﬁ%%egé%né&% %%é][)t%gnbg%}é%ﬁg%ﬁ\t/%ﬁt'i%ﬁnﬁlﬁgp cgﬁ\é'r(g::\fvélrl?ﬁgg %ﬁﬁgﬁeﬁ{a air inlet
aperture and tAknait oloted albditdine lareinetaridhsrteliposHacsithesisfintes diggituseoarddha &Thetlalr outlet

aperture is spagef, AP FAMAIbRAIbHIR angr e Dathadightsaureduadahtheidssipated heated air

will be mixed with fresh air and does not enter the air inlet aperture again until it is cooled off
Another emboBiHsh BiefR s A SOW IR ERRNBDIRE T d GG RIEHR R MYsHARSE tRe lighting
device comprisafl benaiberyoflight sapaceisatidogedimpr 20ekicle-slhaitag, korterthwitibénst aperture

being located ipaide fie sirelershanack/ammeandht air et apsrtike belng ogled autaide e
circle-shaped form™or vice versa. 1he Circle-shaped form can be a circle; oval, rectangle eicetera. By
locating the aiinrihetralaéivelyddrgsidpateetinelecamapdpiv pithniiptiib aiilewict escaipe headnguakitig the
circle-shaped form. Qliyige MRfigd @ compact lighting device with a number of light sources is 250btained,

wherein heat generated by the number of light sources can be effectiveI%/ dissipated by air flowing from
the air inlet aperture to the Al %U'H%Q'Hﬁ@?ﬁ]‘rg@.e lighting device according to the invention is
characterized in that the air inlet aperture and the air outlet aperture are located on opposite

sides of the light source.

15 The air outlet aperture is spaced apart from the air inlet aperture by the light
source, so that the dissipated heated air will be mixed with fresh air and does not enter the air
inlet aperture again until it is cooled off.

Another embodiment of the lighting device according to the invention is
characterized in that the lighting device comprises a number of light sources arranged in a

20  circle-shaped form, the air inlet aperture being located inside the circle-shaped form, and the
air outlet aperture being located outside the circle-shaped form or vice versa.

The circle-shaped form can be a circle, oval, rectangle etcetera. By locating
the air inlet aperture inside the circle-shaped form and the air outlet aperture outside the
circle-shaped form or vice versa, a compact lighting device with a number of light sources is

25  obtained, wherein heat generated by the number of light sources can be effectively dissipated
by air flowing from the air inlet aperture to the air outlet aperture.

Yet another embodiment of the lighting device according to the invention is
characterized in that the lighting device comprises a central axis, the direction of air flow
through the cooling unit being parallel to the central axis.

30 Such a direction of flow is especially suitable when the air inlet aperture is
located near the central axis and a ring-shaped air outlet aperture is located near the

circumference of the lighting device or vice versa.



Yet another embodiment of the lighting device according to the invention is characterized in that the
lighting device comprises a central axis, the direction ofair flow through the cooling unit being parallel to
the central axis. 30Such a direction of flow is especially suitable when the air inlet aperture is located near
the central axis and a ring-shaped air outlet aperture is located near the circumference of the lighting

device or_vice versa. 3 A fuﬁh@i@ﬁ%@iﬂﬂ@%ﬂﬁ@ii@ﬁﬁh@ &@ﬁ!&@&&%iﬁ& @Qﬁ@ﬁﬁi{éﬁt%the invention is
characterized in that the lighting device comprises a central axis, the direction of air flow through the

cooling unit befAY PR (AT 1S e Wen A cpGemBYIess 4 ChRYAtBN D ol e RIAHINPY itable when
the air inlet apentoughahe codim@aunintitdigpeprndiciler hotheletrahgxhaped and are located opposite to

each other. Yet a further embodiment of the lightin vice a di the.in ion.is characterized in
that the lighting device conrw%]r%ég g%g%? gﬁi%év%&? With" 'Ctg%rvlvn eﬁqarllgegr'tdﬁ{&%ﬁé&yrreouﬁt aperture
and a cavhy foherfr @odRhapertire are both halyingrsbaaeihantheralpiated epnrasitedoaadhaaingltiet aperture in

the heat sink a 10compact {ighiiagevism Yl et RS RRHelide Beebraiiy M fAFeliith PRAWINGS

The invention will be explained in more detail with reference to the drawing, in which: 15Figs. 1A-1C are a
perspective Vil BBV HE EQB‘E‘@@G%@%B@&%W@&%%B@W%,Vﬂffht?ﬁﬂ 'dflBodiment of the
lighting deviceaperoreling tir heleénupntion akdch cavsty forass setiignaltview of the lighting device as shown

in Figures 1A-1C, with a fl ?J]tfé“rrz!lnl 3 st gr”fﬁf ign rture and air ElgleigaiSe%ucrrolﬁst[hséenceté?%l(\gew of the
lighting device as shown in igurgs &2\92 fé with apﬁow ol Bif Ih A SeCORd direc ion, Figs. 4A-4C
are a perspecthempasiidhone nievieswvilhlecostdttdd perspective view, respectively, of a second

embodiment of the lighting device according to the invention,

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be explained in more detail with reference to the drawing,
in which:
15 Figs. 1A-1C are a perspective view, bottom view and exploded perspective
view, respectively, of a first embodiment of the lighting device according to the invention,
Fig. 2 is a cross sectional view of the lighting device as shown in Figures 1A-
1C, with a flow of air in a first direction,
Fig. 3 is a cross sectional view of the lighting device as shown in Figures 1A-
20 1C, with a flow of air in a second direction,
Figs. 4A-4C are a perspective view, bottom view and exploded perspective
view, respectively, of a second embodiment of the lighting device according to the invention,
Fig. 5 is a cross sectional view of the lighting device as shown in Figures 4A-
4C, with a flow of air in a third direction.
25
DETAILED DESCRIPTION OF EMBODIMENTS
In the Figures, like parts are indicated by the same numerals.
Figures 1A-1C show a first embodiment of a lighting device 1 according to the
invention. The lighting device 1 comprises a cup-shaped housing 2, a socket 3 connected to
30 the housing 2, a ventilator unit 4, a heat sink 5 and a lighting unit 6.
The heat sink 5 comprises a base plate 7 provided with a centrally located
aperture 8 and a number of apertures 9 located around the aperture 8 at a distance therefrom.

The heat sink 5 also comprises a number of fins 10 attached to the base plate 7 and situated



Fig. 5 is a cross sectional view of the lighting device as shown in Figures 4A-4C, with a flow of air in a
third direction. 25 DETAILED DESCRIPTION OF EMBQDIMENTS In the Figures, like parts are indicated
by the same numerals. Figures 1A-1C show a first embodiment of a lighting device 1 according
to the invention. The lighting device 1 comprises a cup-shaped housing 2, a socket 3 connected to 30the

housing 2, a vegtjlaiaribénardienBuifeenanrdighHavit)t 8is available B WRRhSHYVerepipprises a base

plate 7 provided with a centrally located aperture 8 and a number of apertures 9 located around the
aperture 8 at 3/BikfdReasHARaoTHe YFUIEL UG R 15 lcdednaiatlebe PhOainRIE% fins 10 attached to the
base plate 7 and situated 4 feligietény et aperiprée<h BatrieihotaedingeitOra raaticy fddrisEDailable in
which the ventj Nit 4. iti . The venti it4 ] ed parallel to e plate 7. The
lighting unit 6 %‘?r%?é#é%é%a{%gr%%fﬁ/&}%%aq}enﬁ%“ er(%é%fa&ﬁ%ﬁlcj{%zlgr? qI.%I:‘s@%§ ?éiczg{ge%ﬁﬁrﬁ %?%Ie around the
centrally |dcatéaunfnsrtoteespciaid. TFDgheavidtiatutifacthob bl f e looaledtos. hasaht emitting

surfaces of the;yERsHEdighalg eI andhtespBrRIside of thelghindaieatsRwHIeapariures 8, 9, 127 in

the embodiment shown, they are situated on the front side of the lighting device. In the
embodiment of tHEaRPRiHG GaUtcie e lihHNG #8Y6se 2, the ventilator unit 4 will cause a flow of air in a
direction indicated by arrowrRhecanisdagniittof enridinhinagldsesinady dasatad Rigersral®, Jiomwatmiough the
ventilator unit 4, along the fins 10 of the heat.sink 5 and leave the lighting device 1 through the apertures
o The aperturt f AL G o T R P L R P s riores. The
direction ¥ thecdfivgl byf lanated aneftiura S lidewirioy el tee véstitdic atdtbglenradnestpe 1hofribedreddodiment of

the lighting devjg 51438 %BQM‘Eﬂérl‘iﬁiﬁhﬁ%l&/iéE]@ HRBULRIEHe bpei b Wit caussardl8vs elirimidirection

indicated by arrow P3, causing air to enter the apertures 9 located at a distance from the central axis 14,
flow along the NsEYE Whilsktheaymber of apertures 9 are the air outlet apertures. The direction of the

flow of air through the lighting device 1 is indicated by arrows P2.
In the embodiment of the lighting device 1 as shown in Figure 3, the ventilator

15  unit 4 will cause a flow of air in a direction indicated by arrow P3, causing air to enter the

apertures 9 located at a distance from the central axis 14, flow along the fins 10 of the heat

sink 5, through the ventilator unit 4 and leave the lighting device 1 through the centrally

located aperture 8. The aperture 8 is the air outlet aperture whilst the apertures 9 are the air

inlet apertures. The direction of the flow of air through the lighting device 4 is indicated by
20  arrows P4.

In the embodiments as shown in Figures 2 and 3, the direction of flow through
the ventilator unit 4 is parallel to the central axis 14 of the lighting device 1.

Figures 4A-4C and 5 show a second embodiment of a lighting device 21
according to the invention. The lighting device 21 comprises a cup-shaped housing 22, a

25  socket 23 connected to the housing 22, a ventilator unit 24, a heat sink 25 and a lighting
unit 26.

The heat sink 25 comprises a base plate 27 provided with a number of
apertures 28 located around a central axis 29 of the lighting device 21. The heat sink 25 also
comprises a number of fins 30 attached to the base plate 27 and situated between the

30  apertures 28. Between the fins 30 a cavity 31 is available in which the ventilator unit 24 is
positioned. The ventilator unit 24 is located perpendicularly to the base plate 27.

The lighting unit 26 comprises four LEDs 33 located in a circle around the

central axis 29. The LEDs 33 are electrically coupled to the socket 23. The lighting device 26

comprises inclined walls 34 forming air guiding means for guiding air towards the apertures



sink 5, through the ventilator unit 4 and leave the lighting device 1 through the centrally located aperture
8. The aperture 8 is the air outlet aperture whilst the apgrtures 9 are the air inlet apertures. The direction
of the flow of air through the lighting device 4 is indicated by 20 arrows P4. In the embodiments as
shown in Figures 2 and 3, the direction of flow through the ventilator unit 4 is parallel to the central axis 14

of the lighting devics theRiDEHaSRAE AN SHANA SacondRMBRMEaPLRERHISIRg FeNises21

according to the invention. The lighting device 21 comprises a cup-shaped housing 22, a 25socket 23
connected to the HBULIR§P3USL YERH A EREA" Wik sink 25 and a lighting unit 26. The heat
sink 25 comprises a base platre2mpodiridadofvitie Hghtinbdsvideayietheres 2Rtocaieddandlinauee@entral axis
29 of the lighting deyice.21. The heat si also camprises. a er of fi ttached tq,the base
plate 27 and sﬁg\évtg}éal')% V\a'@rle(gla'r'{g ﬁqg%'ég%ﬁ%tﬁﬁr% s%%.\/\&g:\/&%%e%?ﬁlg %Tréwgp%gl %Céﬁ%g%% @a%‘éﬂ\évﬁle in which
the ventilator enteReaprititRsiEd oTated \neatithec ramt axresidrcakder penptatelionibry: iherrirvelle plate 27.
The lighting unf-2&I6RMIRKHg 8 AHE é@@%@%é&?ﬁm%@aﬁ?%@M%_@%ﬁﬂﬂﬁ%ﬁﬁ%@% il LEDs 33

are electrically coupled to the socket 23. The lighting device 26 comprises inclined walls 34 forming air
guiding mean<tEHgRitmy RN HRHLthalapatie s ¥ 98 the paiwinkire AR s ue SFERS Yentilator unit
24 and guiding/entikvsayriiom dhe apsares2 dgheiag dwiexhadsiosytelof dpertventiatanemilRér In
the embodlme{p]te%f th% r'é9EE%%‘%ﬁé’h‘%ﬁ%l%éeﬁeer%‘?é‘s%ﬁs&%‘%‘t Oiniﬂ;e m%:l gggﬁe a flr(%w of air ina direction

S the ures 8 are r
indicated by arrow P5, perpendicular to central axis nterthe aperturesezfg located near

the air ertbanceutrl@nsriuvesvéhtiritectionioPtheTiowvat atillhioeafloeyl ity dryifip24B0 tidibaidddyt sink 25
near said aperfpgs S Air will continue to flow through the ventilator unit 24, along the fins 10 of the heat
sink 25 on the exhaust side of the ventilator unit 24 and will leave the lighting device 21 through the

apertures 28. One half of tHEIBHEPPPEEIBIA REQHEEIRG ARSI NS GRFLPIRE R WRIE bR ithe apertures
8 are the air 1oayhekapartisshd élecateictontbé toekBow of air through the lighting device 24 is indicated

byarrowP6. It s alsq Aassible o Rrovide 5 RRlaNgA2 it RErBaR Aoy hrigh air migh
leak to cool the electronics in thé socket.
15  circuit board with electronic components for driving the plurality of LEDs. In such a case, the
driver unit will be coupled to the socket. Preferably such a driver unit is located inside the
housing at a location where the flow of air will flow along the driver unit in order to cool it.
Instead of a ventilator unit as a cooling unit, other cooling units may be used

like for example a synthetic jet for generating a flow of air.



The lighting device may be provided with a driver unit comprising a printed 15circuit board with electronic
components for driving the plurality of LEDs In such a cgse, the driver unit will be coupled to the socket.
Preferably such a driver unit is located inside the housing at a location where the flow of air will flow along
the driver unit in order to cool it. Instead of a ventilator unit as a cooling unit, other cooling units
may be used likg Apiyexample a synthetic jet for generating a flow of air. 6 CLAIMS: 1. A lighting device
(1) comprising at least a light source (13, 33), a light emitting surface, an air inlet aperture (8, 9, 28), an
air outlet aperture (8, 9, 28) and a cooling unit (4, 24) for moving air from the air inlet aperture (8, 9, 28)
through the cooling unit (4, 24) to the air outlet aperture (8, 9, 28), wherein the air inlet aperture (8, 9, 28),
the air outlet Saperture (8, 9, 28) and at least part of the light emitting surface are located on the same
side of the Iighting device, characterized in that the lighting device (1) comprises a number of light
sources (13, 33) arranged ircle-sha ﬂeform the a| inl t rture F&Q g Iocated inside the
circle-shaped form and the%ﬁﬁwgtdgﬁ EZ (gng 32@8 %elﬁ% f%%&%"% s % ?hg gi -shaped form or
vice versa. 10 eRutdrighifegec evioe i(l9tapesndin(§, 1 eBirmnhirchdletcleniee (@ thadihedadrcoiBogaperture (8,
9. 28) and the i Putieh 30embIR (i crafharsiRRIORRRBCS S iR hedialThoanic (13, 53). 15 3

A lighting device (1) accordlng to any one of the preceding claims, characterized in that the'lighting device

(1) comprises & &niPa AR aLAPeHI &l &idR) oW BFFSIBHVBINH ARETREDEHS . (he 2iNobERg parallel to
the centrabaXIad&ﬂ)reRQ, g. zs)lwhtmwe@l@medﬂﬂwacr@wémmt@g@nmva%@fl&aweﬁq@@grﬁé&m

characterized i thel htln vice éﬁ% rs ggliat sink ided with the a| |nI t 25aperture (8,
0. 58).the air S SR AP e o 565 RS CLATS, e S ot LGRS joer o

light sources (13, 33) arranged in a circle-shaped form, the air inlet aperture (8, 9, 28) being

located inside the circle-shaped form and the air outlet aperture (8, 9, 28) being located

outside the circle-shaped form or vice versa.

10
2. A lighting device (1) according to claim 1, characterized in that the air inlet
aperture (8, 9, 28) and the air outlet aperture (8, 9, 28) are located on opposite sides of the
light source (13, 33).

15
3. A lighting device (1) according to any one of the preceding claims,
characterized in that the lighting device (1) comprises a central axis (14), the direction of air
flow through the cooling unit (4, 24) being parallel to the central axis (14).

20

4. A lighting device (1) according to any one of the preceding claims,
characterized in that the lighting device (1) comprises a heat sink provided with the air inlet

25  aperture (8, 9, 28), the air outlet aperture (8, 9, 28) and a cavity (11, 31) for the cooling unit
(4, 24).





