
(19) *EP004516160A2*
(11) EP 4 516 160 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
05.03.2025 Bulletin 2025/10

(21) Application number: 24214918.5

(22) Date of filing: 24.03.2021

(51) International Patent Classification (IPC):
A45D 20/00 (2006.01)

(52) Cooperative Patent Classification (CPC):
H05B 3/0033; A45D 20/00; A45D 20/10;
A45D 20/12; A45D 2200/205

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 09.05.2020 PCT/CN2020/089408
09.06.2020 PCT/CN2020/095146

(62) Document number(s) of the earlier application(s) in
accordance with Art. 76 EPC:
21803737.2 / 4 132 319

(71) Applicant: SZ Zuvi Technology Co., Ltd.
Shenzhen, Guangdong 518054 (CN)

(72) Inventors:
• WANG, Mingyu
Shenzhen, Guangdong, 518054 (CN)

• TANG, Yin
Shenzhen, Guangdong, 518054 (CN)

• XU, Xingwang
Shenzhen, Guangdong, 518054 (CN)

• ZHANG, Lei
Shenzhen, Guangdong, 518054 (CN)

(74) Representative: Appelt, Christian W.
Boehmert & Boehmert
Anwaltspartnerschaft mbB
Pettenkoferstrasse 22
80336 München (DE)

Remarks:
This application was filed on 22‑11‑2024 as a
divisional application to the application mentioned
under INID code 62.

(54) APPARATUSES AND METHODS FOR DRYING AN OBJECT

(57) An apparatus for drying an object comprises: a
housing configured to provide an airflow channel having
anairflow inlet and anairflowoutlet; an airflowgenerating
element contained in thehousingand configured toeffect
an airflow through the airflow channel; one or more
radiation energy sources configured to generate infrared
radiation and direct the infrared radiation toward an ex-
terior of the housing, wherein each of the one or more

radiation energy sources comprises a reflector, the re-
flector having an opening toward the exterior of the
housing; and a power element configured to provide
power at least to the radiation energy source and the
airflow generating element, wherein at least one of the
reflectors of the one or more radiation energy sources
has a cut-away shape.
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Description

CROSS-REFERENCE

[0001] This application claims to priority to Interna-
tional Application No. PCT/CN2020/089408, filed on
May 9, 2020, and International Application No.
PCT/CN2020/095146, filed on June 9, 2020, the content
of each of which is hereby incorporated by reference in
their entirety.

FIELD OF THE INVENTION

[0002] The present disclosure relates generally to an
apparatus for drying an object. More particularly, the
present disclosure relates to a hair dryer which utilizes
infrared (IR) radiation to heat and removewater fromhair.

BACKGROUND OF THE INVENTION

[0003] A traditional hair dryer (e.g., blow dryer) blows
hot air to dry wet hair. The hair dryer extracts room
temperature air in by a motor-driven impeller and heats
the airflow up by a resistive heating element (e.g., ni-
chromewire). The hot airflow increases a temperature of
the hair as well as the air surrounding the hair. An eva-
poration of water from wet hair is accelerated since the
increased temperature facilitates individual molecules in
a water droplet to overcome their attraction to one an-
other and change froma liquid state to agas state.Higher
temperature in the air surrounding the hair also reduces
the relative humidity around the wet hair which further
accelerates the evaporation process.
[0004] In heating up the airflow, traditional hair dryers
use a resistive heating element to transform electric
energy into convective heat. However, the convective
heat transfer can be low in heat transfer efficiency be-
cause only a portion of the hot airflow arrives at the hair
and only a portion of heat carried by the hot airflow
arriving at the hair is transferred to the hair and water
on the hair (e.g., some of the heat is absorbed by the
surrounding air). In addition, the convective heat used by
a traditional hair dryer overexposes the hair to hot airflow
in order to dry it completely. The hair is heated on the
surface only, which can cause frizz and dry, damaged
hair.

SUMMARY OF THE INVENTION

[0005] A need exists for an improved apparatus for
drying hair as well as other objects, such as fabrics, with
a higher energy efficiency. Infrared (IR) radiation is uti-
lizedasa source of heat energy in thedrying apparatus of
the disclosure to remove water and moisture from ob-
jects. An infrared radiation energy source can emit infra-
red energy to provide stable and consistent heat. The
infrared energy can be directed onto the object (e.g.,
hair), therefore heat is transferred to the object directly

in a radiation heat transfer manner, which increases a
heat transfer efficiency.
[0006] A need exists for management of an operating
temperature in the infrared radiation energy source to
prevent an overheat and consequently a shortened ser-
vice life of the infrared radiation energy source. An oper-
ating temperature in the infrared radiation energy source
is managed by positioning a portion of the infrared radia-
tion energy source to contact an airflow channel or the
airflow within the airflow channel, such that extra heat
from the infrared radiation energy source can be trans-
ferred to the airflow channel or the airflow.
[0007] A need exists for compact and light-weight
cordless apparatus for drying objects. A cordless drying
apparatus of the disclosure can be powered by recharge-
able and/or replaceable embedded batteries,making the
drying apparatus portable and convenient. As a result of
the improved heat transfer efficiency and energy effi-
ciency of the infrared radiation energy source, an oper-
ating time of the battery powered cordless drying appa-
ratus can be extended while maintaining a high output
power density to guarantee a satisfactory drying effect.
[0008] A need also exists for an apparatus for drying
hair which is capable of preventing heat damage to hair.
The apparatus for drying hair can be provided with a
plurality of sensors to measure parameters of the user’s
hair, the surroundingenvironment and/or operation of the
apparatus. The apparatus for drying hair can give tactile
feedback to the user if, for example, the user holds the
apparatus too close to the hair or a malfunction is de-
tected in the apparatus, such that the user can adjust or
stop operating the apparatus.
[0009] Disclosed herein is an apparatus for drying an
object. The apparatus can comprise a housing config-
ured to provide an airflow channel having an airflow inlet
and an airflow outlet; an airflow generating element con-
tained in the housing and configured to effect an airflow
through theairflowchannel; oneormore radiation energy
sources configured to generate infrared radiation and
direct the infrared radiation toward an exterior of the
housing, at least one of the one or more radiation energy
sources comprising a first portion that is positioned not
contacting the airflow channel; and a power element
configured to provide power at least to the radiation
energy source and the airflow generating element. A
method for dryinganobject is alsodisclosed.Themethod
can comprise providing anairflowchannel, via a housing,
the airflow channel having an airflow inlet and an airflow
outlet; effecting an airflow, via an airflow generating ele-
ment contained in the housing, through the airflow chan-
nel; generating an infrared radiation, via one or more
radiation energy sources, and directing the infrared ra-
diation toward an exterior of the housing, at least one of
the one or more radiation energy sources comprising a
first portion that is positioned not contacting the airflow
channel; and providing power, via a power element to at
least the radiation energy source and the airflow gener-
ating element.
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[0010] Also disclosed herein is an apparatus for drying
an object. The apparatus can comprise a housing con-
figured to provide an airflow channel having an airflow
inlet and an airflow outlet; an airflow generating element
contained in the housing and configured to effect an
airflow through the airflow channel; one ormore radiation
energy sources contained in the housing and configured
to generate an infrared radiation and direct the infrared
radiation toward an exterior of the housing; a thermal
coupling coupled to at least one of the one or more
radiation energy sources and configured to dissipate
heat from the at least one of the one or more radiation
energy source; and a power element configured to pro-
vide power at least to the radiation energy sources and
the airflow generating element. A method for drying an
object is also disclosed. The method can comprise pro-
viding an airflow channel, via a housing, the airflow
channel having an airflow inlet and an airflow outlet;
effecting airflow, via an airflow generating element con-
tained in the housing, through the airflow channel; gen-
erating infrared radiation, via one or more radiation en-
ergy sources contained in the housing, and directing the
infrared radiation toward an exterior of the housing; dis-
sipating heat, via a thermal coupling coupled to at least
one of the one ormore radiation energy sources, of the at
least one of the one ormore radiation energy source; and
providing power, via a power element to at least the
radiation energy source and the airflow generating ele-
ment.
[0011] Also disclosed herein is an apparatus for drying
an object. The apparatus can comprise a housing; one or
more radiation energy sources configured to generate
infrared radiation and direct the infrared radiation toward
an exterior of the housing, each of the one or more
radiation energy sources comprising a reflector, the re-
flector having an opening toward the exterior of the
housing; and a power element configured to provide
power at least to the radiation energy source. At least
one of the reflectors of the one or more radiation energy
sources can have a cut-away shape.
[0012] Also disclosed herein is a radiation energy
source. The radiation energy source can comprise a
radiation emitter, the radiation emitter being configured
to generate an infrared radiation; and a reflector, the
reflector having at least one vertex and an opening to-
ward an exterior of the radiation energy source, the
reflector being configured to direct the infrared radiation
toward the exterior of the radiation energy source. The
radiationemitter canbepositionedandorientedsuch that
a distal end of the radiation emitter does not point to the
opening. A radiation emitter is also disclosed. The radia-
tion emitter can comprise a radiation generating element
configured to generate a radiation when powered; a
radiation reflecting element positioned beneath the ra-
diation generating element and configured to reflect at
least a portion of the radiation toward an exterior of the
radiation emitter; and a sealing member configured to
seal the radiation generating element and the radiation

reflecting element.
[0013] Also disclosed herein is an apparatus for drying
an object. The apparatus can comprise a housing; one or
more radiation energy sources configured to generate
infrared radiation and direct the infrared radiation toward
an exterior of the housing, each of the one or more
radiation energy sources comprising a radiation emitter
of the disclosure and a reflector, the reflector having an
opening toward the exterior of the housing; and a power
element configured to provide power at least to the
radiation energy source.
[0014] Also disclosed herein is an apparatus for drying
an object. The apparatus can comprise a housing con-
figured to provide an airflow channel having an airflow
inlet and an airflow outlet; an airflow generating element
contained in the housing and configured to effect an
airflow through theairflowchannel, theairflowgenerating
element comprising at least a lownoisemotor; a radiation
energysourcecontained in thehousingandconfigured to
generate infrared radiation and direct the infrared radia-
tion toward an exterior of the housing; and a power
element configured to provide power at least to the
radiation energy source and the airflow generating ele-
ment.
[0015] Also disclosed herein is a method for drying an
object. The method can comprise providing an airflow
channel, via a housing, the airflow channel having an
airflow inlet and an airflow outlet; effecting airflow, via an
airflow generating element contained in the housing,
through the airflow channel, the airflow generating ele-
ment comprising at least a low noise motor; generating
infrared radiation, via a radiation energy source con-
tained in the housing, and directing the infrared radiation
toward an exterior of the housing; and providing power,
via a power element to at least the radiation energy
source and the airflow generating element.
[0016] Additional aspects and advantages of the pre-
sent disclosure will become readily apparent to those
skilled in this art from the following detailed description,
wherein only exemplary embodiments of the present
disclosure are shown and described, simply by way of
illustrationof thebestmodecontemplated for carryingout
the present disclosure. As will be realized, the present
disclosure is capableof otheranddifferent embodiments,
and its several details are capable of modifications in
various obvious respects, all without departing from the
disclosure.Accordingly, thedrawingsanddescriptionare
to be regarded as illustrative in nature, and not as re-
strictive.

INCORPORATION BY REFERENCE

[0017] All publications, patents, and patent applica-
tions mentioned in this specification are herein incorpo-
ratedby reference to the sameextent as if each individual
publication, patent, or patent application was specifically
and individually indicated to be incorporated by refer-
ence.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The novel features of the invention are set forth
with particularity in the appended claims. A better under-
standing of the features and advantages of the present
invention will be obtained by reference to the following
detailed description that sets forth illustrative embodi-
ments, inwhich theprinciples of the inventionareutilized,
and the accompanying drawings of which:

FIG. 1 is a cross-sectional view showing an exemp-
lary hair dryer in accordance with embodiments of
the disclosure;
FIG. 2 is an enlarged cross-sectional view showing
anairflowgenerating element anda radiation energy
source in an exemplary hair dryer in accordancewith
embodiments of the disclosure;
FIG. 3 is a schematic showing an exemplary radia-
tion energy source in accordancewith embodiments
of the disclosure;
FIG. 4 is a lateral view showing an appearance of an
exemplary hair dryer in accordance with embodi-
ments of the disclosure;
FIG. 5 is a lateral view showing an appearance of
another exemplary hair dryer in accordance with
embodiments of the disclosure;
FIG. 6 is a cross-sectional view showing another
exemplary hair dryer in accordance with embodi-
ments of the disclosure;
FIG. 7 is an enlarged cross-sectional view showing
anairflowgenerating element anda radiation energy
source in another exemplary hair dryer in accor-
dance with embodiments of the disclosure;
FIG. 8 is a schematic showing another exemplary
radiation energy source in accordance with embodi-
ments of the disclosure;
FIG. 9 is a lateral view showing an appearance of
another exemplary hair dryer in accordance with
embodiments of the disclosure;
FIG. 10 is a schematic showing still another exemp-
lary radiation energy source in accordance with em-
bodiments of the disclosure;
FIG. 11 is a cross-sectional view showing the ex-
emplary radiation energy source of FIG. 10 in ac-
cordance with embodiments of the disclosure;
FIG. 12 is a cross-sectional view showing still an-
other exemplary hair dryer in accordance with em-
bodiments of the disclosure;
FIG. 13 is a schematic showing a sensor configura-
tion in the hair dryer in accordance with embodi-
ments of the disclosure;
FIG 14A are cross-sectional views showing exemp-
lary configuration of the radiation energy source in
accordance with embodiments of the disclosure;
FIG. 14B is a cross-sectional view showing another
exemplary hair dryer in accordance with embodi-
ments of the disclosure;
FIG. 15A to FIG. 15C are views showing exemplary

configuration of the radiation energy source(s) with
respect to the airflow channel in accordance with
some embodiments of the disclosure;
FIG. 16A to FIG. 16C are views showing exemplary
configuration of the radiation energy source(s) with
respect to the airflow channel in accordance with
other embodiments of the disclosure;
FIG. 17 is a schematic view showing exemplary
configuration of an apparatus having a thermal cou-
pling in accordance with some embodiments of the
disclosure;
FIG. 18A to FIG. 18D are views showing exemplary
configuration of an apparatus having a thermal cou-
pling in accordance with other embodiments of the
disclosure;
FIG. 19A to FIG. 19C are schematic views showing
exemplary configuration of an apparatus having a
thermal coupling in accordance with still other em-
bodiments of the disclosure;
FIG. 20A to FIG. 20D are schematic views showing
exemplary configuration of an apparatus having a
thermal coupling in accordance with yet other em-
bodiments of the disclosure;
FIG. 21 is a schematic view showing exemplary
configuration of an apparatus for drying an object
in which a reflector of the one or more radiation
energy sourceshasa cut-away shape in accordance
with other embodiments of the disclosure;
FIG. 22 is simulation result showing relationbetween
a diameter of opening of the reflector, an output
power at the opening of the reflector and a power
received at a predetermined distance in front of the
apparatus, in accordance with some embodiments
of the disclosure;
FIG. 23 and FIG. 24 are schematic views showing
exemplary configuration of an apparatus for drying
an object in accordancewith still other embodiments
of the disclosure;
FIG. 25 and FIG. 26 are schematic views showing
exemplary configuration of radiation energy source
in accordance with some embodiments of the dis-
closure;
FIG. 27 and FIG. 28 are cross-sectional views show-
ing exemplary configuration of radiation emitter in
accordance with some embodiments of the disclo-
sure; and
FIG. 29 shows an example of a device control sys-
tem, in accordance with embodiments of the inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0019] While preferable embodiments of the invention
have been shown and described herein, it will be obvious
to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations,
changes, and substitutionswill now occur to those skilled
in theartwithout departing from the invention. It shouldbe
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understood that various alternatives to the embodiments
of the invention described herein may be employed in
practicing the invention.
[0020] Unless otherwise defined, all technical and
scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the
art to which this invention belongs. The terminology used
in the description of the invention herein is for describing
particular embodiments only and is not intended to be
limiting of the invention. As used in the description of the
invention and the appended claims, the singular forms
"a," "an," and "the" are intended to include the plural
forms as well, unless the context clearly indicates other-
wise.
[0021] Unless otherwise indicated, all numbers ex-
pressing parameters of components, technical effects,
and so forth used in the specification and claims are to be
understood as beingmodified in all instances by the term
"about" or "substantially." Accordingly, unless indicated
to the contrary, the numerical parameters set forth in the
following specification and attached claims are approx-
imations that may vary depending upon the desired
properties and effects sought to be obtained by the pre-
sent invention. At the very least, and not as an attempt to
limit the application of the doctrine of equivalents to the
scopeof the claims, eachnumerical parameter should be
construed in light of the number of significant digits and
ordinary rounding approaches.
[0022] Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the invention
are approximations, the numerical values set forth in the
specific examples are provided as precisely as possible.
Any numerical value, however, inherently contains cer-
tain errors necessarily resulting from the standard devia-
tion found in their respective testing measurements.
Every numerical range given throughout this specifica-
tion will include every narrower numerical range that falls
within such broader numerical range, as if such narrower
numerical ranges were all expressly written herein.
[0023] Apparatuses and methods for drying objects
are provided. The drying apparatus of the disclosure
can remove water and moisture from objects (e.g., hair,
fabrics) by utilizing an infrared (IR) radiation energy
source as source of heat energy. The infrared radiation
energy source can emit infrared energy having prede-
terminedwavelength rangeandpowerdensity toheat the
object. The heat carried by the infrared energy is directly
transferred to the object in a radiation heat transfer
manner, such that a heat transfer efficiency is improved
as compared with the conventional convective heat
transfer manner (e.g., substantially no heat is absorbed
by surrounding air in the radiation heat transfer manner,
while a big portion of heat is absorbed by the surrounding
air and then blown away in the conventional convective
heat transfer manner). The infrared radiation energy
source can be used in combination with an airflow gen-
erating element (e.g., a motor-driven impeller), which
airflow further accelerates an evaporation of water from

the object.
[0024] Another benefit of utilizing infrared radiation as
source of heat energy is that the infrared heat penetrates
the hair shaft down to the cortex of the hair cuticle,
therefore it dries hair faster and also relaxes and softens
the hair. The infrared energy is also believed to aid scalp
health and stimulates hair growth by increasing blood
flow of scalp. The utilization of infrared radiation energy
source can enable a compact and lightweight drying
apparatus because no resistive wire grid is needed to
heat the airflow up. The improved heat transfer efficiency
and energy efficiency of infrared radiation energy source
can also enable a cordless drying apparatus, which is
poweredbyembeddedbattery, to operate at anextended
operating time.
[0025] FIG. 1 is a cross-sectional view showing an
exemplary hair dryer in accordance with embodiments
of the disclosure. The hair dryer can comprise a housing
101. Various electric, mechanical and electromechanical
components, such as an airflow generating element 102,
a radiation energy source 103, a control circuit (not
shown) and a power adaptor (not shown), can be re-
ceived in the housing 101. The radiation energy source
103 can be configured to generate radiation heat energy
and direct the heat energy to the user’s hair. The airflow
generatingelement102canbeconfigured togeneratean
airflow which facilitates an evaporation of water from
user’s hair. The hair dryer can comprise a power element
configured to energize at least the radiation energy
source and the airflow generating element.
[0026] The hair dryer can be powered with an external
power source. The power element can comprise a power
adapter which regulates a voltage and/or a current re-
ceived from the external power source. For instance, the
hair dryer can be energized by electrically connecting to
an external battery or a power grid via a power cord.
Additionally or alternatively, the hair dryer can be pow-
ered with an embedded power source. The power ele-
ment can comprise one or more batteries which are
received within the housing. The one or more batteries
can be rechargeable (e.g., secondary battery) and/or
replaceable. In an exemplary example, one or more
batteries 104 can be received in the housing (e.g., a
handle of the housing) of the hair dryer. A status of the
battery (e.g., a battery charge status, a remaining power)
can be provided by means of, for example, a screen or
light-emitting diode (LED) indicator on the housing.
[0027] Thehousing can comprise a body andahandle,
each of which can receive therein at least a portion of the
electric, mechanical and electromechanical compo-
nents. In some instances, the body and the handle can
be integral. In some instances, the body and the handle
can be separate components. For instance, the handle
can be detachable from the body. In an exemplary ex-
ample, the detachable handle can contain therein one or
more batteries which are used to power the hair dryer.
The housing can be made from an electrical insulating
material having a high resistance to electrical flow. Ex-
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amples of the electrical insulating material can include
polyvinyl chloride (PVC), polyethylene terephthalate
(PET), acrylonitrile-butadiene-styrene copolymer
(ABS), polyester, polyolefins, polystyrene, polyurethane,
thermoplastic, silicone, glass, fiberglass, resin, rubber,
ceramic, nylon, andwood.Thehousingcanalsobemade
from a metallic material coated with an electrical insulat-
ing material or a combination of electrical insulation
material and metallic material coated or not coated with
electrical insulation material. For example, the electrical
insulatingmaterial can forman inner layer of the housing,
while the metallic material can form an outer layer of the
housing.
[0028] The housing can provide one or more airflow
channels therein. The airflow generated by the airflow
generating element can be directed and/or regulated
through an airflow channel and toward the user’s hair.
For instance, the airflow channel can be shaped to reg-
ulate at least a velocity, a throughput, an angle of diver-
genceoravorticityof theairflowexiting thehair dryer.The
airflow channel can include an airflow inlet and an airflow
outlet. In an exemplary example, the airflow inlet and the
airflow outlet can be positioned at opposite ends of the
hair dryer along a longitudinal direction thereof. The air-
flow inlet and the airflow outlet can each be vent that
allows efficient airflow throughput. The environment air
can be extracted into the airflow channel via the airflow
inlet to generate the airflow, and the generated airflow
can exit the airflow channel via the airflow outlet.
[0029] In some instances, one ormore air filters can be
provided at the airflow inlet to prevent dust or hair from
entering the airflow channel. For instance, an air filter can
beameshhavingappropriatemeshsize.Theair filter can
be detachable or replaceable for cleaning and mainte-
nance. In some instances, an airflow regulator can be
provided at the airflowoutlet. Theairflow regulator canbe
adetachablenozzle, combor curler. Theairflow regulator
can be configured to modulate a velocity, a throughput,
an angle of divergence or a vorticity of the airflow blowing
out from the airflow outlet. For instance, the airflow reg-
ulator can be shaped to converge (e.g., concentrate) the
airflow at a predetermined distance in front from the
airflow outlet. For instance, the airflow regulator can be
shaped to diffuse the airflow exiting the airflow outlet.
[0030] As exemplarily illustrated in FIG. 2, which is an
enlarged cross-sectional view showing the airflow gen-
erating element and the radiation energy source in an
exemplary hair dryer in accordancewith embodiments of
the disclosure, the airflow generating element 102 can
comprise an impeller 1021 driven by a motor 1022. The
impeller can comprise a plurality of blades. When actu-
ated by the motor, a rotation of the impeller can extract
environment air into the airflow channel via the airflow
inlet to generate the airflow, push the generated airflow
through theairflowchannel andeject theairflowout of the
airflow outlet. The motor can be supported by a motor
holder or housed in a motor shroud. The motor can be a
brushless motor of which a speed of rotation can be

regulated under the control of a controller (not shown).
For instance, a speed of rotation of the motor can be
controlled by a preset program, a user’s input or a sensor
data. A dimension of the motor, measured in any direc-
tion, can be in a range from 14mm (millimeter) to 21mm.
A power output of the motor can be in a range from 35 to
80 watts (W). A maximum velocity of the airflow exiting
from the airflow outlet can be at least 8 meters/second
(m/s).
[0031] Though the airflow generating element 102 is
illustrated in FIG. 1 and FIG. 2 as being received in the
body of the housing, those skilled in the art can appreci-
ate that it can also be positioned in the handle. For
instance, a rotation of the impeller can extract air into a
vent (e.g., airflow inlet) provided at the handle and push
the air through the airflow channel to the airflow outlet
provided at an end of the body of the housing. The airflow
channel can accordingly extend through the handle and
body of the housing.
[0032] The radiation energy source 103 can be con-
figured to generate an infrared radiation and direct the
infrared radiation toward an exterior of the housing. The
radiation energy source can be supported by a radiation
energy source holder or housed in a radiation energy
source shroud. In some embodiments, the radiation en-
ergy source can be an infrared lamp which converts
electric energy into infrared radiation energy. In an ex-
emplary example, the infrared lamp can comprise a
radiation emitter configured to emit a radiation having
apredeterminedwavelengthanda reflector configured to
reflect the radiation toward the outlet of the airflow chan-
nel. In another exemplary example, the infrared lamp can
also be an infrared Light Emitting Diode (LED) or a laser
device such as Carbon Dioxide Laser. In an exemplary
example where a laser device is utilized as the infrared
lamp, a reflector may not necessarily needed. An optical
element can be provided to diverge the radiation from the
laser device to increase an area that is radiated by the
infrared radiation.The radiationenergycanbedirected to
user’s hair. Therefore, heat is transferred to the hair in a
radiation heat transfer manner, which increases a heat
transfer efficiency of the hair dryer. Details of the infrared
lamp will be provided in the disclosure hereinafter.
[0033] In the exemplary example shown in FIG. 2, an
airflow channel enclosure 105 can be provided to define
the airflow channel 107 (e.g., as a boundary of the airflow
channel). The airflow channel enclosure 105 can sub-
stantially extend from one longitudinal end of the hair
dryer to the other longitudinal end. The motor and im-
peller can be positioned adjacent to an inlet end of the
airflow channel enclosure. A property of the airflow (e.g.,
a velocity, an angle of divergence or a vorticity) can be
regulated by the airflow channel enclosure. For instance,
a cross-sectional shape of the airflow channel enclosure
canvaryalonga longitudinal direction thereof togenerate
a desired velocity distribution and/or angle of divergence
of the airflow exiting the airflow outlet. In some instances,
the infrared lamp can be housed within an infrared lamp
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enclosure 106. The infrared lamp enclosure can serve to
protect the infrared lamp. A space between an outer
surface of the infrared lamp and an inner surface of the
infrared lamp enclosure can be providedwith a degree of
vacuum. In some embodiments, the infrared lamp en-
closure 106 can be positioned within the airflow channel
enclosure 105. At least a portion of the airflow channel
107 can be defined by the airflow channel enclosure 105
and the infrared lamp enclosure 106, as shown in FIG. 2.
A lateral view of a hair dryer having this configuration is
shown in FIG. 4, where an output of the infrared lamp103
is encompassed by the airflow outlet of the airflow chan-
nel 107. In some embodiments, the infrared lamp enclo-
sure can be positioned external to the airflow channel
enclosure (for example, the infrared lamp enclosure is
not encompassed by the airflow channel enclosure). A
lateral view of a hair dryer having this configuration is
shown in FIG. 5, where an output of the infrared lamp103
is separated from the airflow outlet of the airflow channel
107. Those in the art will appreciate that either the airflow
channel enclosure or the infrared lamp enclosure can be
optional.
[0034] Though the airflow channel is illustrated in FIG.
1 and FIG. 2 as extending from the airflow inlet at one
longitudinal end of the body of the housing to the airflow
outlet at the other longitudinal end of the body of the
housing, those skilled in the art can appreciate that the
airflow inlet and/or airflow outlet can be distributed over
the housing of the hair dryer of the disclosure, and more
than one airflow channel and/or branches of the airflow
channel can be provided within the housing of the hair
dryer. In an example, at least a portion of the airflow inlet
can be positioned at the handle of the housing. In another
example, at least a portion of the airflow outlet can be
positioned at the handle of the housing, such that a
portion of the airflow can be introduced to and flow
through the one or more batteries received in the handle,
thereby cooling down the one or more batteries.
[0035] FIG. 3 is a schematic showing an exemplary
radiation energy source in accordance with embodi-
ments of the disclosure. In some embodiments, the ra-
diation energy source can be an infrared lamp. The
infrared lamp 103 can comprise a reflector 1032 having
an opening directed to the airflow outlet of the airflow
channel and a radiation emitter 1031 positionedwithin an
interior of the reflector. The radiation emitter 1031 can be
configured to emit a radiation within a predetermined
wavelength range. The radiation emitted from the radia-
tion emitter can be reflected by a reflecting surface (e.g.,
inner surface) of the reflector 1032 toward an exterior of
the hair dryer.
[0036] The radiation emitter can be a conductive hea-
ter (e.g., a heater operatedonametal resistor or a carbon
fiber) or a ceramic heater. Example of the metal resistor
can include tungsten filament andChromel (e.g., an alloy
of nickel and chrome, also known as nichrome) filament.
Examples of the ceramic heater can comprise a positive
temperature coefficient (PTC) heater and a metal-cera-

mic heater (MCH). A ceramic heater includes metal
heatingelementsburied inside the ceramics, for example
tungsten inside silicon nitride or silicon carbide. The
radiation emitter can be provided in a form of wire
(e.g., filament). The wire can be patterned (e.g., spiral
filament) to increase a length and/or surface thereof. The
radiation emitter can also be provided in a form of rod. In
an exemplary example, the radiation emitter can be a
silicon nitride rod, a silicon carbide rod or a carbon fiber
rod having a predetermine diameter and length.
[0037] In some instances, the radiation emitted by the
radiation emitter can substantially cover visible spectrum
from 0.4 µm to 0.7 µm and infrared spectrum above 0.7
µm. In some instances, the radiation emitted by the
radiation emitter can substantially cover infrared spec-
trumonly. In anexemplary example, the radiation emitter,
when energized, can emit a radiation having a wave-
length from0.7µm to 20µm.Apower density of radiation
emittedby the radiationemitter canbeat least 1kW/m2, 2
kW/m2, 3 kW/m2, 4 kW/m2, 5 kW/m2, 6 kW/m2, 7
kW/m2, 8 kW/m2, 9 kW/m2, 10 kW/m2, 20 kW/m2, 30
kW/m2, 40 kW/m2, 50 kW/m2, 60 kW/m2, 70 kW/m2, 80
kW/m2, 90 kW/m2, 100 kW/m2, 120 kW/m2, 140 kW/m2,
160 kW/m2, 180 kW/m2, 200 kW/m2, 220 kW/m2, 240
kW/m2, 260 kW/m2, 280 kW/m2, 300 kW/m2, 350
kW/m2, 400 kW/m2, 450 kW/m2, 500 kW/m2, or more.
[0038] Object will radiate in the infrared to visible wa-
velength range as a form of heat transfer. This heat
transfer is referred to blackbody radiation. Blackbody
radiation can be utilized as infrared source. Blackbody
is a broadband radiation. The central wavelength as well
as spectrum bandwidth decrease as the temperature
increases. The total energy will be proportional to S x
T4, where S refers to the surface area and T is the
temperature. It is essential to raise the temperature in
order to have a higher infrared emission. A temperature
of the radiationemitter1031canbeat least 500, 600,700,
800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600,
1700, 1800, 1900 or 2000 degrees centigrade (°C). In an
exemplary example, the temperature of the radiation
emitter can be 900 to 1500 degrees centigrade. The
central wavelength or range of wavelength of radiation
emitted by the radiation emitter can be tunable, for ex-
ample, by at least 0.5, 1.0, 105, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5,
5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5 or 10.0 µm.
The power density of radiation emitted from the radiation
emitter can be adjustable under different operationmode
of the hair dryer (e.g., a rapid-dry mode, a hair-health
mode, etc.), for example, by changing an electric voltage
and/or current supplied thereto.
[0039] The reflector 1032canbeconfigured to regulate
the radiation emitted from the radiation emitter. For in-
stance, the reflector can be shaped to reduce a diver-
gence angle of the reflected beam of radiation. In an
embodiment, the reflector 1032 can have a substantially
cone shape as shown in FIG. 2. For instance, a cross
section of a reflecting surface of the reflector can be
parabolic. The radiation emitter 1031 can be positioned
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at a focal point of the parabola, such that the reflected
beam of radiation can be a substantially parallel beam of
radiation. The radiation emitter can also be positioned
offset the focal point of the parabola, such that the re-
flected beam of radiation can be convergent or divergent
at a distance in front of the hair dryer. A position of the
radiation emitter 1031 in the reflector 1032 can be ad-
justable, therefore, a degree of convergence and/or a
direction of the output beamof radiation can be changed.
The shape of the reflector and shape of the radiation
emitter can be optimized and varied with respective to
each other for desired heating power output at a desired
position exterior to the hair dryer.
[0040] The reflecting surface of the reflector can be
coatedwith a coatingmaterial having a high reflectivity to
a wavelength or a range of wavelength of the radiation
emitted by the radiation emitter. For instance, the coating
material can have a high reflectivity to a wavelength in
both visible spectrum and infrared light spectrum. A
material having high reflectivity can have a high effec-
tiveness in reflecting radiant energy. Examples of the
coating material can include metallic material and di-
electric material. The metallic material can include, for
example, gold, silver and aluminum. The dielectric coat-
ing can have layers of alternating dielectric materials
such as magnesium fluoride and calcium fluoride. The
reflectivity of the coated reflecting surface of the reflector
can be at least 90% (e.g., 90% of the incident radiation is
reflectedby the reflecting surfaceof the reflector), 90.5%,
91%, 91.5%, 92%, 92.5%, 93%, 93.5%, 94%, 94.5%,
95%, 95.5%, 96%, 96.5%, 97%, 97.5%, 98%, 98.5%,
99%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9% or higher. In
some instances, the reflectivity of the coated reflecting
surface of the reflector can be substantially 100%,mean-
ing that substantially all the radiation emitted by the
radiation emitter can be reflected toward an exterior of
the hair dryer. As a result, a temperature on an surface of
the reflector is substantially not increasedby the radiation
emitted from the radiation emitter, even if a temperature
of the radiation emitter is high.
[0041] An optical element 1033 can be provided at the
opening of the reflector. The optical element can abut
against the opening of the reflector in an air-tightmanner.
The optical element can include lens, reflector, prism,
grating, beam splitter, filter or a combination thereof that
modifies or redirects light. In some embodiments, the
optical element can be a lens. In some embodiments, the
optical element can be a Fresnel lens.
[0042] The interior of the reflector can be configured to
haveadegreeof vacuum.Apressurewithin the interior of
the reflector can be less than 0.9 standard atmosphere
(atm), 0.8atm, 0.7atm, 0.6atm,0.5atm,0.4atm,0.3atm,
0.2 atm, 0.1 atm, 0.05 atm, 0.01 atm, 0.001 atm, 0.0001
atmor less. Inanexemplaryexample, thepressurewithin
the interior of the reflector can beabout 0.001atmor less.
The vacuum can suppress an evaporation and/or oxida-
tionof the radiationemitter 1031andexpanda life spanof
the infrared lamp.Thevacuumcanalsoprevent a thermal

convectionora thermal conductionbetween the radiation
emitter and the optical element and/or reflector. In some
instances, the interior of the reflector can be filled with an
amount of non-oxidizing gas while still maintaining a
certain level of vacuum to reduce an increase in a tem-
perature of the air inside the space formed by the inner
surface of optical element and coated reflector, which
increase in temperature being caused by thermal con-
vection and conduction thoughminimal. Examples of the
non-oxidizing gas can includenitrogen (N2), helium (He),
argon (Ar), neon (Ne), krypton (Kr), xenon (Xe), radon
(Rn), and nitrogen (N2). The existence of inert gas can
further protect the material of the radiation emitter from
oxidation and evaporation.
[0043] The optical element can be made from a mate-
rial having a high infrared transmissivity. Examples of the
material for optical element can include oxides (e.g.,
silicon dioxide), metal fluorides (e.g., calcium fluoride,
barium fluoride), metal sulfide or metal selenide (e.g.,
zinc sulfide, zinc selenide), and crystals (e.g., crystalline
silicon, crystalline germanium). Additionally or alterna-
tively, either or both sides of the optical element can be
coated with a material absorbing visible spectrum and
ultraviolet spectrum, such that only wavelength in infra-
red range can pass through the optical element. The
radiation not in the infrared spectrum can be filtered
out (e.g., absorbed) by the optical element. The infrared
transmissivity of the optical element can be at least 95%
(e.g., 95% of the incident radiation in infrared spectrum
transmits through the optical element), 95.5%, 96.0%,
96.5%, 97.0%, 97.5%, 98.0%, 98.5%, 99%, 99.1%,
99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%,
99.9% or higher. In an exemplary example, the infrared
transmissivity of the optical element can be 99%.
[0044] Theoptical element canfilterout (e.g., absorb)a
radiation having a particular wavelength or a radiation
having a predetermined range of wavelength from the
radiation reflected by the reflector. For instance, the
optical element can selectively remove visible light spec-
trum and/or ultraviolet spectrum from the arriving radia-
tion, such that only radiation in the infrared spectrum can
be directed to the user’s hair. In an exemplary example,
the radiation emitter can emit a radiation having a wave-
length from 0.4 µm to 20 µm, the reflector can reflect all
the radiation toward the optical element (e.g., no radia-
tion is absorbed at the reflecting surface), and the optical
element can filter out any visible spectrumwavelength of
0.4µmto0.7µmfrom the reflected radiation, leaving only
radiation in infrared spectrum exiting the infrared lamp.
[0045] The optical element can be shaped to converge
or diverge the arriving radiation in a predetermined direc-
tion or to reduce a divergence angle of the arriving
radiation beam. The optical element can be a convex
lens, a concave lens, a set of convex lenses and/or
concave lenses, or a Fresnel lens. For instance, if a
conductive resistor, a ceramic heater or an LED is used
as the radiation emitter, the optical element can be con-
figured to converge the reflected radiation in a predeter-
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mined directionwith a predetermined convergency angle
to form a radiation spot having a predetermined shape
and a predetermined size at a predetermined distance in
front of the hair dryer. For instance, if a laser device is
used as the radiation emitter, the optical element can be
configured to diverge the generated radiation beam in a
predetermined direction with a predetermined diver-
gency angle to increase an area on the user’s hair that
is radiated by the infrared radiation.
[0046] A temperature increase at the optical element
canbeminor.A content of visible spectrumandultraviolet
spectrum in the radiation emitted by the radiation emitter
1031 can be low. Depending on the material of the
radiation emitter 1031, energy carried by radiation in
visible spectrum and ultraviolet spectrum can account
for less than 5%, 4.5%, 4%, 3.5%, 3%, 2.5%, 2%, 1.5%,
1%,0.5%,0.4%,0.3%,0.2%or0.1%of total energy in the
radiation emitted by the radiation emitter. In other words,
only aminor fraction of radiation energy (e.g., the energy
carried by radiation in visible spectrum and ultraviolet
spectrum) emitted by the radiation emitter 1031 can be
absorbed by the optical element to cause a temperature
increase. A temperature increase at the optical element
can be further suppressed by the vacuum in the interior of
the reflector (e.g., the space enclosed by the optical
element and the reflecting surface of the reflector), which
vacuum prevents a thermal convection or a thermal
conduction between the radiation emitter and the optical
element. In some instances, a portion of the airflow can
be introduced from the airflow channel onto an outer
surface of the optical element (e.g., blowing across the
optical element), such that a temperature of the optical
element and a surrounding area can be maintained sub-
stantially unchanged during an operation of the infrared
lamp. As a result, an increase in temperature of the
optical element can be minor even if a temperature of
the radiation emitter is high.
[0047] A thermal insulating material (e.g., fiberglass,
mineral wool, cellulose, polyurethane foam, or polystyr-
ene) can be interposedbetween the radiation emitter and
the reflector, such that the radiation emitter is thermally
insulated from the reflector. The thermal insulation can
keep a temperature of the reflector not increase even if a
temperature of the radiation emitter is high. A thermal
insulating material can also be interposed between a
periphery of the optical element and the reflector, such
that the optical element is thermally insulated from the
reflector.
[0048] As discussed hereinabove, the temperature on
the external surface of the reflector is substantially not
increased by the radiation generated by the radiation
emitter even if the radiation emitter is energized. The
suppression of temperature increase on the external
surface of the reflector can be achieved by a high reflec-
tivity of coating material on the reflecting surface of the
reflector, a vacuum within the interior of the reflector, a
high infrared transmissivity of the optical element, a
thermal insulation between the radiation emitter and

the reflector as well as between the optical element
and the reflector, or a combination thereof. As a result,
the airflow is substantially not heated by the infrared lamp
while traveling through theairflowchannel andexiting the
hair dryer. An increase in temperature of the airflow
caused by the infrared lamp can be less than 5 degrees
centigrade (°C), 4.5 °C, 4.0 °C, 3.5 °C, 3.0 °C, 2.5 °C, 2.0
°C, 1.5 °C, 1.0 °C, 0.5 °C, 0.1 °C or less. In an exemplary
example, an increase in temperature of the airflow
caused by the infrared lamp can be less than 3 °C. In
other words, the radiation generated at the infrared lamp
does not substantially account for the increase in tem-
perature of the airflow.
[0049] Those skilled in the art can appreciate that, a
temperature of the airflowmay be inevitably increased to
someextent byelectric components in thehair dryer such
as circuits, electrical wires, power leads, power adaptor
and controller. For instance, an increase in temperature
of the airflow traveling through the entire airflow channel
can be nomore than 20 °C, 19 °C, 18 °C, 17 °C, 16 °C, 15
°C, 14.5 °C, 14.0 °C, 13.5 °C, 13.0 °C, 12.5 °C, 12.0 °C,
11.5 °C, 11.0 °C, 10.5 °C, 10.0 °C, 9.5 °C, 9.0 °C, 8.5 °C,
8.0 °C, 7.5 °C,7.0 °C,6.5 °C, 6.0 °C, 5.5 °C,5.0 °Cor less.
In an exemplary example, the room temperature is 25 °C,
and an increase in temperature of the airflow travelling
through the entire airflow channel of the hair dryer of the
disclosure is at most 15 °C, resulting in a temperature of
airflow at the airflow outlet at most 40 °C, which is much
lower than the temperature of the airflow blowing out of a
conventional hot air-based hair dryer. In a comparative
example, the temperature of the airflow blowing out of a
conventional hair dryer No. 1 (Dyson@ HD01) is about
140 °C. In another comparative example, the tempera-
ture of the airflow blowing out of a conventional hair dryer
No. 2 (Panasonic@ EH-JNA9C) is about 105 °C. In the
comparative example, if cutting off a power supply to the
nichrome wire heater, the temperature of the airflow
blowing out of the conventional hair dryer No. 1 is about
36 °C in a condition of the room temperature being 27 °C
(e.g., the airflow is heated up by about 9 °C by those
electric components other than the nichrome wire hea-
ter).
[0050] The temperature of airflow arriving at the user’s
hair can be lower than the temperature measured at the
airflow outlet of the hair dryer due to a heat dissipation in
the air. In an exemplary example, the airflow temperature
at 10 cm in front of the airflowoutlet of the hair dryer of the
disclosure is about 28 °C under a condition that the room
temperaturebeing25 °Cand the temperatureofairflowat
the airflow outlet being about 40 °C. In the comparative
example, the airflow temperature at 10 cm in front of the
airflow outlet of the conventional hair dryer No. 1 is about
74.4 °C under a condition that the room temperature
being 25 °C and the temperature of airflow at the airflow
outlet being about 140 °C.
[0051] The relative cool airflow (e.g., at room tempera-
ture) can be beneficial in drying and styling user’s hair.
For instance, frizz, dry anddamagedhair canbeavoided,
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which otherwise may occur with conventional hair dryer
blowing a hot airflow. Another benefit of the cool airflow is
that, the hair dryer can be equipped with various sensors
which otherwise do not work under a high temperature.
The sensors can comprise a temperature sensor, a prox-
imity/range-finding sensor and/or a humidity sensor. The
sensors can be positioned, for example, at an airflow
outlet side of the housing to monitor a status the user’s
hair (e.g., degree of humidity). An area within which the
airflow being applied onto the hair can substantially en-
compass an area of infrared radiation on the hair (e.g.,
the radiation spot). The airflow can accelerate an eva-
poration of the heated water from the hair by blowing
away the humid air surrounding the hair. The airflow can
also decrease a temperature of the hair radiated by the
infrared radiation to avoid a hair damage. A temperature
of thehair andwateron thehair has tobemaintainedatan
appropriate range to accelerate an evaporation of water
from hair while keeping the hair not too hot. The appro-
priate temperature range can be 50 to 60 degrees cen-
tigrade. A velocity of the airflow blowing onto the hair can
be regulated tomaintain the temperatureof thehairwithin
the appropriate temperature range, for example by blow-
ing away heated water and excess heat. A proximity/r-
ange-finding sensor and a temperature sensor can op-
erate collectively to determine the temperature of the hair
and regulate the velocity of theairflowviaa feedback loop
control to maintain a constant or programmed tempera-
ture of the hair.
[0052] FIG. 6 is a cross-sectional view showing an-
other exemplary hair dryer in accordance with embodi-
ments of the disclosure. FIG. 7 is an enlarged cross-
sectional view showing body of the hair dryer of FIG. 6.
The hair dryer can be powered by an external power
source and/or embedded batteries. The hair dryer can
comprise a housing 601. The housing can include a body
and a handle. An airflow generating element 602, a
radiation energy source 603 and various other electric
and mechanical components can be received in the
housing. The radiation energy source 603 can be con-
figured to generate and direct heat energy toward user’s
hair. The airflow generating element 602 can be config-
ured to generate an airflow passing through an airflow
channel provided in the housing.
[0053] The airflow generating element 602 can com-
prise an impeller 6021 driven by a motor 6022. The
generated airflow can be pushed through the airflow
channel 607 to an exterior of the hair dryer. The radiation
energy source 603 can be an infrared lamp having a
substantially ring shape. As schematically shown in
FIG. 8, the ring-shaped radiation energy source 603
can comprise a substantially ring-shaped reflector
6032 and a substantially ring-shaped radiation emitter
6031 positioned within an interior of the reflector. The
radiation emitter can be a filament having a substantially
ring shape. The radiation emitter 6031 can also com-
prises a plurality of sections which collectively form a
substantially ring shape. The radiation emitter can be

configured to emit a radiation within a predetermined
wavelength range. In some instances, the radiation
emitted by the radiation emitter can substantially cover
visible spectrum and infrared spectrum. The reflector
6032 can have an opening directed to an exterior of
the hair dryer.
[0054] The radiation emitted from the radiation emitter
can be reflected by a reflecting surface (e.g., inner sur-
face) of the reflector 6032 toward user’s hair. A diver-
gency angle of the reflected radiation beam can be re-
duced by the reflecting surface to concentrate the re-
flected radiation energy within a radiation spot having a
predetermined shape and a predetermined size at a
predetermined distance in front of the hair dryer. A cross
section of the reflecting surface of the reflector can be
parabolic. The radiation emitter 6031 can be positioned
at a focal point of the parabolic reflecting surface of the
reflector (e.g., parabola) or offset the focal point of the
parabola. A position of the radiation emitter in the reflec-
tor can be adjustable by a movement of the radiation
emitterwith respect to the reflector. The reflectingsurface
of the reflector can be coated with a coating material
having a high reflectivity to a wavelength range of radia-
tion generated by the radiation emitter, such that sub-
stantially all the radiation emitted by the radiation emitter
can be reflected toward the user’s hair. As a result, a
temperature on an external surface of the reflector is
substantially not increased by the radiation from the
radiation emitter because substantially no energy is ab-
sorbed by the reflecting surface of the reflector.
[0055] A substantially ring-shaped optical element
6033 can be provided at the opening of the reflector.
Theoptical element can remove (e.g., absorb) a radiation
having a predetermined range of wavelength from the
radiation reflected by the reflector. For instance, the
optical element can selectively remove visible light spec-
trum and/or ultraviolet spectrum from the reflected radia-
tion, such that only radiation in the infrared spectrum can
be directed to the user’s hair. The interior of the reflector
can be configured to have a degree of vacuum to prevent
a thermal convection or a thermal conduction between
the radiation emitter and the optical element and/or re-
flector. In some instance, the interior of the reflector can
be filled with an amount of inert gas to prevent the radia-
tion emitter from oxidation and/or evaporation. As dis-
cussed hereinabove, a temperature of the airflow is
substantially not increased by the infrared lamp while
traveling through the airflow channel, and the relative
cool airflow can be beneficial in drying and styling user’s
hair.
[0056] As illustrated in FIG. 6 and FIG. 7, a dimension
of thehousing inanaxial direction (e.g., thedirection from
the airflow generating element to the opening of the
infrared lamp, which is shown in FIG. 6 and FIG. 7 as
a horizontal direction) can be further reduced as a result
of the ring-shaped infrared lamp configuration. For in-
stance, at least a portion of the airflow generating ele-
ment can be received in a space encompassed by the
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ring-shaped infrared lamp, resulting in a shortened air-
flow channel in the axial direction. A chamber 611 can be
positioned in the space encompassed by the infrared
lamp. An opening of the chamber can direct toward the
user’s hair. The opening can be covered by a transparent
sealing member (e.g., SiO2 glass). The opening can be
covered by a colored sealing member (e.g., a coated
SiO2 glass) for an aesthetic appearance. The chamber
can be provided to accommodate various components
such as sensors. Examples of the sensors can comprise
a temperature sensor, a proximity/range-finding sensor,
and a humidity sensor. A wall of the chamber can be
made from electrically and/or thermal insulting material.
A temperature in the chamber can bemaintained at room
temperature to improve an accuracy in measurement of
the sensors, since the airflow flowing through the airflow
channel is substantially not heated by the infrared lamp,
as discussed herein above.
[0057] In the exemplary example shown in FIG. 6 and
FIG. 7, the airflowoutlet of the airflow channel 607 can be
positioned between the infrared lamp 603 and the cham-
ber 611. FIG. 9 shows a lateral view of the hair dryer of
FIG. 6 and FIG. 7, where the chamber is centrally posi-
tionedwhile the airflowoutlet of the airflow channel 607 is
encompassed by the infrared lamp 603. Though not
shown, in alternative embodiments, the airflow outlet of
the airflow channel 607 can be positioned between the
housing 601 and the infrared lamp 603 to form a config-
uration where the infrared lamp is encompassed by the
airflow out of the airflow channel.
[0058] The radiation energy source 603 in FIG. 6 and
FIG. 7 can alternatively or additionally comprise a plur-
ality of infrared lamps. The plurality of infrared lamps can
be arranged along a contour of any geometry, such as a
ring, a triangle, a square or a sector. FIG. 10 and FIG. 11
schematically illustrate the radiation energy source 603
having a plurality of infrared lamps arranged along a ring.
Each of the plurality of infrared lamps can have substan-
tially the same configuration as described hereinabove
with reference toFIG.3.For instance,eachof theplurality
of infrared lampscan comprisea reflector 6032havingan
opening directed to anexterior of the hair dryer, an optical
element which abuts against an opening of the reflector,
and a radiation emitter 6031 positioned within an interior
of the reflector. The reflecting surface of the reflector can
becoatedwithacoatingmaterial havingahigh reflectivity
to the wavelength range of radiation generated by the
radiation emitter. The optical element can remove radia-
tion having a predetermined wavelength or wavelength
range, such as radiation in visible light spectrum and/or
ultraviolet spectrum.
[0059] A cross section of a reflecting surface of each
reflector can be parabolic. A divergence angle of the
reflected beam of radiation can be reduced by the para-
bolic reflector of each infrared lamp. A shape of the
radiation emitter and a shape of the reflector can be
optimized using an optical simulation software to max-
imize the radiation output at a desired distance exterior to

the hair dryer. An axis of the respective parabolic reflect-
ing surface of the reflector in the plurality can be sub-
stantially parallel with each other. The axis of a parabola
can refer to an axis of symmetry of the parabola that is a
vertical line passing through the vertex of the parabola
and dividing the parabola into two congruent halves. An
axis of the respective parabolic reflecting surface of the
reflector in the plurality infrared lamps can also intersect
with each other, as shown in FIG. 11 in combination with
FIG. 12. The angle of intersection between the axis of the
respective parabolic reflecting surface of the reflector in
the plurality of infrared lamps can be adjustable, for
example by changing a tilting angle of one or more
infrared lamps with respect to axial direction of the hous-
ing of the hair dryer. In the exemplary example illustrated,
the airflow can be thermally isolated from the plurality of
infrared lamps. The airflow is not heated by the radiation
generated by the infrared lamps.
[0060] The infrared radiation exiting the plurality of
infrared lamps can at least partially overlap at a prede-
termined distance in front of the hair dryer, such that a
radiation spot having a predetermined shape and size
can be formed. The radiation spot can have, for example,
a circular shape. Inanexemplaryexample, a circular spot
having a diameter of about 10 centimeters can be formed
at a distance of about 10 centimeters in front of the hair
dryer. The shape and/or size of the radiation spot at a
certain distance in front of the hair dryer can be adjusted
by regulating at least one of a size (e.g., diameter) of
respective infrared lamp, an offset of radiation emitter
from the focal point of the respective reflector, an angle of
intersection between the axis of the respective reflector,
and an optical property of the optical element of respec-
tive infrared lamp. The radiation spot can accounts for at
least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95% or more of the total energy carried by the infrared
radiation emitted from respective one of the plurality of
infrared lamps. An average power density in the radiation
spot can be at least 1 x 103, 2 x 103, 3 x 103, 4 x 103, 5 x
103, 6 x 103, 7 x 103, 8 x 103, 9 x 103, 1 x 104, 2 x 104, 3 x
104, 4 x 104, 5 x 104, 6 x 104, 7 x 104, 8 x 104, 9 x 104, 1 x
105 watt per square meter (W/m2) or more.
[0061] Though not shown, the plurality of infrared
lamps can also be arranged in an array of any shape.
Theplurality of infrared lampsarranged inanarraycanbe
coplanar or not. For instance, the plurality of infrared
lamps can also be arranged to cover an area having
any geometry such as a circle, a triangle, a square or a
sector. An offset of the radiation emitter from the focal
point of respective reflector and an angle of intersection
between the axis of the respective reflector in the arrayed
plurality of infrared lamps can have substantially same
configuration as those described hereinabove with re-
ference to FIG. 10 and FIG. 11. For instance, the infrared
radiation emitted from respective one of the arrayed
infrared lamps can overlap at a predetermined distance
in front of the hair dryer to form a radiation spot having a
desired size and power density. The plurality of infrared
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lamps, either arranged as a ring or an array, are not
necessarily positioned continuously. For example, it is
also possible to replaceany oneof the plurality of infrared
lamps shown with a sensor or other component or leave
some position along the ring or in the array blank, as long
as a radiation spot having desired average energy den-
sity is generated at the hair.
[0062] Theplurality of infrared lampscanbepositioned
at either an inner side or an outer side of the ring-shaped
airflow outlet of the airflow channel. For instance, the
plurality of infrared lamps can be positioned to encom-
pass the airflow outlet or to be encompassed by the
airflow outlet when viewed from a lateral side of the hair
dryer. The plurality of infrared lamps can also be posi-
tioned apart from the airflow outlet of the airflow channel.
For instance, an area covered by the plurality of infrared
lamps may not overlap with an area covered by the
airflow outlet when viewed from a lateral side of the hair
dryer. A chamber can be provided, for example, in the
space encompassed by the infrared lamp. A transparent
sealing member can be covered on an opening of the
chamber, which opening directing to an exterior of the
hair dryer. The chamber can be provided to receive
therein variouscomponents suchas sensors.A tempera-
ture in the chamber can be maintained at room tempera-
ture to improve an accuracy in measurement of the
sensors, since the airflow flowing through the airflow
channel is substantially not heated by the infrared lamp.
[0063] The hair dryer of the disclosure can have a
reduced dimension at least in an axial direction (e.g.,
the horizontal direction shown in FIG. 1 and FIG. 6) as
compared with conventional designs. In an example, an
infrared lamphavingacompact size canbeutilizedas the
radiation energy source. Therefore, a conventional hea-
ter cavity receiving a grid of nichromewire is not provided
in the hair dryer of the disclosure. By utilizing the ring-
shaped infrared lamp or the plurality of infrared lamps
arranged along a ring, a dimension of the hair dryer in the
axial direction can be further reduced as described here-
inabove. The hair dryer can comprise a housing having a
body and a handle. The body can have a dimension no
more than25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13,
12, 11, 10, 9, 8, 7, 6, 5 or 4 centimeters in at least one
direction thereof, for example an axial direction and a
radial direction (e.g., the direction perpendicular to the
plane of FIG. 1 andFIG. 6). In an exemplary example, the
bodycanhaveadimensionnomore than10centimeter in
at least onedirection. In a further exemplary example, the
bodycanhaveadimensionnomore than8centimeters in
at least onedirection. In a further exemplary example, the
body canhaveadimension nomore than6.5 centimeters
in at least one direction. The body can have a dimension
nomore than 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14,
13, 12, 11, 10, 9, 8, 7, 6, or 5 centimeters in any direction
thereof. In an exemplary example, the body can have a
dimension no more than 8 centimeters in any direction
thereof. In another exemplary example, the body can
have a dimension no more than 6.5 centimeters in any

direction thereof.
[0064] The hair dryer of the disclosure can have a
reduced weight. A radiation energy source having a light
weight can be utilized as the source of heat energy,
instead of the conventional heavy nichrome wires or
rods. The hair dryer can comprise a housing having a
body and a handle. The hair dryer can be operated by
either one ormore batteries receivedwithin the handle or
an external power source. The handle can be detachable
from thebody of the housing. The hair dryer, including the
one or more batteries, can have a weight no more than
1500, 1450, 1400, 1350, 1300, 1250, 1200, 1150, 1100,
1050, 1000, 950, 900, 850, 800, 750, 700, 650, 600, 550,
500, 450, 400, 350 or 300 grams. In an exemplary ex-
ample, the hair dryer, including the one ormore batteries,
can have a weight no more than 800 grams. In an
exemplary example, the hair dryer, including the one or
more batteries, can have a weight no more than 600
grams. In a further exemplary example, the body of hair
dryer, excluding the handle, can have a weight no more
than 300 grams. In a still further exemplary example, the
body of hair dryer, excluding the handle, can have a
weight no more than 250 grams. The user can therefore
easily hold and operate the hair dryer during the process
of drying the hair.
[0065] The hair dryer of the disclosure can have a
reduced power consumption. A radiation energy source
such as an infrared lamp can be utilized as the source of
heat energy in the hair dryer of the disclosure. A ratio of
effective energy transferred to the user’s hair and water
on the hair in the total radiation energy generated by the
infrared lamp can be at least 80% because a majority of
the radiation generated by the infrared lamp is in the
infrared spectrum, as discussed hereinabove. In addi-
tion, the heat carried by the infrared energy can be
directly transferred and applied to the hair and water
on the hair in a radiation heat transfer manner, resulting
in an improved heat transfer efficiency. In an exemplary
example, about 90% of the radiation generated by the
infrared lamp is in the infrared spectrum. A small percen-
tageof the infraredenergymaybe lost at the reflector and
the optical element, while most of the infrared energy
arrives at the user’s hair in a heat radiation manner,
resulting in a ratio of effective energy more than 80%.
In the conventional nichrome wire-based hair dryer
where a convective heat transfer is utilized, however,
the ratio of effective energy and heat transfer efficiency
is much lower, because most of the heat is absorbed by
surrounding air prior to arriving at the user’s hair. In a
testing experiment with conventional hair dryer No. 1
(Dyson@ HD01), the air temperature at airflow outlet is
around 140 °C, however the temperature of airflow drops
to 74 °C at a distance of 10 cm from the hair dryer, and 60
°C at a distance of 20 cm from the hair dryer. The rapid
drop in temperature of airflow in the convective heat
transfer manner is caused by the fact that some of the
heat is absorbed by the surrounding air prior to arriving at
the hair. If the room temperature is 25 °C, then at least
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50% of the energy carried by the hot airflow is lost before
reaching the hair. After reaching the hair, a portion of hot
air is reflected to various directionswithout contributing in
heating the hair or water on the hair, leading to a low ratio
of effective energy and heat transfer efficiency.
[0066] In an exemplary example, the hair dryer of the
disclosure can be operated with one or more embedded
batteries. The battery can have a total capacity of at least
50, 55, 60, 65, 70, 75, 80, 85, 90 Watt-hour (Wh, for
example, 100 Watt-hour battery can deliver 100 watt
power for 1 hour or 20watt power for 5 hours). In a testing
experiment, thebattery havinga total capacity of 66.6Wh
can effect a continuous operation of the hair dryer about
20 minutes at a total power output (e.g., the total power
output of all electricity-consuming components, including
the motor, the infrared lamp and any circuits) of 200W or
13 minutes at a total power output of 350 W, which
operation time is sufficient to dry a user’s hair completely.
[0067] The hair dryer of the disclosure can provide a
strong airflow which accelerates an evaporation of water
from the hair. As compared with conventional nichrome
wire-based hair dryers, the airflow generated by the air-
flow generating element can travel along the airflow
channel without passing through the grid of nichrome
wire and thus not being decelerated, resulting in an out-
put airflowhavingan increasedvelocity blowingout of the
hair dryer. A velocity of the output airflow can be at least
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or
25 m/s. In an exemplary example, the velocity of the
output airflow can be at least 18 m/s. The airflow blowing
onto the hair can decrease the temperature of hair and
water on the hair by removing excessive heat; otherwise,
the hair can be damaged under a high temperature
caused by the infrared radiation. As discussed hereina-
bove, an evaporation of water from hair can depend on
both a temperature of hair and water on the hair and a
relative humidity of air surrounding the hair. An appro-
priate temperature range for drying the hair is 50 to 60
degrees centigrade, in which range a water evaporation
and a hair health can be balanced. The velocity of the
output airflow blowing onto the hair can be regulated to
maintain the temperature of the hair andwater on the hair
within the appropriate temperature range to induce a
water evaporation, and in themeantime, the airflow takes
away excessive heat from the hair, which can create a
local environment surrounding thehairwith lower relative
humidity to accelerate the evaporation.
[0068] In passing through the airflow channel, the
temperature of the airflow is substantially not increased
by the radiation generated at the infrared lamp, as dis-
cussed hereinabove. The relative cool airflow can be
beneficial to a health of hair in drying and styling user’s
hair. In addition, the hair dryer can be equipped with
various sensors which otherwise do not work under a
high temperature.
[0069] The hair dryer of the disclosure can be provided
with one or more sensors configured to measure at least
one of a parameter of the hair, an operation of the hair

dryer, and/or a surrounding environment inwhich the hair
dryer operates. A central processing unit canbeprovided
either onboard the hair dryer or offboard the hair dryer
(e.g., remote device, on the cloud) to regulate an opera-
tion of the hair dryer. Examples of regulating an operation
of the hair dryer may include regulating an operation of
one or more of the airflow generating element and the
radiation energy source based on a measurement re-
ceived from the one or more sensors. Examples of the
sensorscan include, butnot limited to, aproximity sensor,
a temperature sensor, anoptical sensor, amotion sensor,
a contact sensor, andahumidity sensor. Thesensors can
be positioned at the housing of the hair dryer, embedded
into the housing of the hair dryer, disposed on a circuit of
the hair dryer, provided within the hair dryer (e.g., within
the chamber which is be positioned in the space encom-
passed by the infrared lamps, as described elsewhere in
the disclosure). As shown in FIG. 13which is a schematic
showing a sensor configuration in the hair dryer in ac-
cordance with embodiments of the disclosure, the sen-
sors 1301‑1305 can be in communicationwith the central
processing unit 1306 via a wired or wireless link. The
central processing unit can also be in communication
with other components of the hair dryer, for example the
airflowgeneratingelement 1307and the radiationenergy
source 1308, such that a regulation on operation of the
component based on sensor measurement can be im-
plemented.
[0070] In an exemplary embodiment, the one or more
sensors can include a proximity sensor configured to
measure a proximity of the hair dryer to the user’s hair
being radiated with the infrared radiation. In an example,
the proximity sensor can be an infrared Time-of-Flight
(TOF) sensor thatmeasures a time interval for an emitted
infrared light to return to the sensor and determines the
distance between the sensor and the target object based
on time interval. A spectrum of the infrared TOF sensor
can be different from that of the infrared radiation emitted
from the radiationenergysource. Inanother example, the
proximity sensor can be an ultrasonic sensor that mea-
sures a distance to the target object by emitting an ultra-
sonic pulse. In still another example, the proximity sensor
can be anmillimeter-wave radar. In still another example,
theproximity sensor canbe implementedwithabinocular
or monocular camera that determines a distance to a
target object by a distance measurement algorithm. The
proximity sensor can be provided at the housing of the
hair dryer, for example in proximity to the airflow outlet of
the airflow channel. The proximity sensor can also be
provided in a space encompassed by the plurality of
infrared lamps, as shown in FIG. 10 and FIG. 11. The
proximity sensor can be configured to measure a dis-
tance of 1 cm, 2 cm, 3 cm, 4 cm, 5 cm, 6 cm, 7 cm, 8 cm, 9
cm, 10 cm, 11 cm, 12 cm, 13 cm, 14 cm, 15 cm, 16 cm, 17
cm, 18 cm, 19 cm, 20 cm, 22 cm, 24 cm, 26 cm, 28 cm, 30
cm, 35 cm, 40 cm, 45 cm, 50 cm, 60 cm, 70 cm, 80 cm, 90
cm, or 100 cm from the hair dryer to the hair with an error
of less than 5%, 4%, 3%, 2%, or 1%. In an example, the
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proximity sensor can measure 10 cm distance from the
hair dryer to the hair an accuracy/precision of± 0.1 cm.A
measurement accuracy/precisionof theproximity sensor
maynot beadversely affectedby theairflowgeneratedby
the airflow generating element since the airflow is sub-
stantially not heated by the radiation energy source, as
discussed hereinabove in the disclosure.
[0071] In the exemplary embodiment, the measure-
ment received from the one or more sensors can be
indicative of a proximity of the hair dryer to the hair
radiated with the radiation energy source being less than
a predetermined distance. As discussed hereinabove in
the disclosure, a radiation spot can be formed on the
user’s hair with the infrared radiation from the radiation
energy source. The radiation spot can have a predeter-
mined size at a predetermined distance in front of the hair
dryer as a result of a divergence of the infrared radiation.
For instance, a size of the radiation spot can be smaller
andanaveragepowerdensity in the radiation spot canbe
higher if the hair dryer is getting closer to theuser’s hair. A
higher average power density in the radiation spot can
result in a higher hair temperature within the radiation
spot. However, an unreasonably high temperature can
damage the hair and therefore shall be avoided. The
central processing unit can be configured to send an
alert to the user, decrease a total power output of the
radiation energy source and/or increase a velocity of
airflow from the airflow generating element if a proximity
of the hair dryer to the hair is detected less than a
predetermined distance (e.g., 10 cm), such that a heat
damage of the hair can be prevented. In an exemplary
example where the radiation energy source comprise a
plurality of infrared lamps as shown in FIG. 10 and FIG.
11, decreasing a total power output of the radiation en-
ergy source can comprise switching off one or more
infrared lamps in the plurality of infrared lamps.
[0072] The measurement received from the one or
more sensors can also be indicative of a proximity of
thehair dryer to thehair radiatedwith the radiationenergy
source being more than a predetermined distance. An
optimal distance from the hair dryer to the hair can be
determined based at least on an output power of the
radiation energy source, a power of the airflow generat-
ing element and/or an attribute of the hair (e.g., long or
short, wetness, curl or straight, etc). An efficiency in
drying the hair can be optimal if the distance from the
hair dryer to thehair ismaintainedat theoptimal distance.
Thecentral processingunit canbeconfigured to increase
a total power output of the radiation energy source and/or
decrease a velocity of airflow from the airflow generating
element if a proximity of the hair dryer to the hair is
detected more than a predetermined optimal distance,
such that an effectiveness in drying the hair can be
optimized.
[0073] In another exemplary embodiment, the one or
more sensors can include a temperature sensor. A tem-
perature sensor can be provided to various components
of the hair dryer to measure an operating temperature of

the components. A temperature sensor can also be
provided to measure the temperature of the hair. A tem-
perature sensor can also be provided to measure the
temperature of the surrounding environment. In an ex-
emplary embodiment, the temperature sensor can be
thermally coupled to the exterior surface of the radiation
energy source. For instance, the temperature sensor can
be positioned at or in proximity to an exterior surface of
the radiation energy source. The temperature sensor can
be either a negative temperature coefficient (NTC) ther-
mistor, a resistance temperature detector (RTD), a ther-
mocouple, or a semiconductor-based sensor. The mea-
surement received from the one or more sensors can be
indicative of an operation status of the hair dryer. In an
example, the measurement received from the one or
more sensors can be indicative of a malfunction of the
radiation energy source. As discussed in the disclosure,
a space between an outer surface of the infrared lamp
and an inner surface of the infrared lamp enclosure as
well as an interior of the infrared lamp can bemaintained
with a degree of vacuum. A temperature at the exterior
surface of the infrared lamp can increase rapidly if the
vacuum is not correctlymaintained due to, for example, a
leakage of air through a failed sealing member. The
malfunction of the infrared lamp can include a tempera-
ture at or in proximity to an exterior surface of the infrared
lamp being higher than a predetermined temperature, an
increase in temperature at or in proximity to an exterior
surface of the infrared lamp being larger than a prede-
termined value, or a rate in temperature increase at or in
proximity to an exterior surface of the infrared lamp being
larger than a predetermined rate. The central processing
unit can be configured to send an alert to the user and/or
switch off the radiation energy source if a malfunction is
detected at the radiation energy source. In an example, a
multi-stage warning mechanism can be provided where
an alert is first sent to the user if the temperature at the
exterior surface of the infrared lamp exceeds a first
threshold, and the infrared lamp is switched off if the
temperature at the exterior surface of the infrared lamp
exceeds a second threshold which is higher than the first
threshold.
[0074] In still another exemplary embodiment, the one
ormore sensors can include a temperature sensor that is
thermally coupled to the airflow generating element. For
instance, a temperature sensor can be coupled to the
motor which drives the impeller. The temperature sensor
can be coupled to either an exterior surface or a rotor of
the motor to detect an operating temperature of the
motor. The temperature sensor can also be provided at
an outlet of the airflow channel tomeasure a temperature
of the airflow. For instance, an abnormally highly tem-
perature at the motor or the airflow can indicate a mal-
function of the motor. In the exemplary embodiment, the
measurement received from theoneormoresensors can
be indicative of a temperature of the motor being higher
than a predetermined temperature. The central proces-
sing unit can be configured to send an alert to the user,
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decrease a total power output of the airflow generating
element and/or switch off the airflow generating element
if a temperature of the motor is higher than a predeter-
mined temperature. Inanexample, amulti-stagewarning
mechanism can be provided where a total power output
of the motor is decreased (e.g., decreasing a rotating
speed of the motor) if the temperature at the motor
exceeds a first threshold, and the motor is switched off
if the temperature at themotor exceeds a second thresh-
old which is higher than the first threshold.
[0075] In still another exemplary embodiment, the one
or more sensors can include an Inertial Measurement
Unit (IMU) which is configured to measure a movement
and/or an attitude/orientation of the hair dryer. In some
instances, exposing an object or a portion of an object to
the infrared radiation shall be avoided to prevent a da-
mage to theobject or a safety issue. For instance, thehair
temperature can increase rapidly if the hair is subject to
continuous exposure to infrared radiation and water on
the hair is already removed, which high temperaturemay
cause heat damage to the hair. For instance, the hair
dryer can often be used to dry objects other than hair, for
example a cloth. In drying a cloth, the hair dryer can often
be placed stationary with respect to a supporting mem-
ber. Therefore, it would be desirable to switch off the hair
dryer if the hair dryer is maintained stationary over a
predetermined time duration. In the exemplary embodi-
ment, the measurement received from the one or more
sensors can be indicative of an attitude of the apparatus
being maintained unchanged for a time duration more
than a predetermined duration threshold. The central
processing unit can be configured to send an alert to a
user of the hair dryer, increase a velocity of airflow from
the airflow generating element, decrease an output
power of the radiation energy source, and/or switch off
the radiation energy source. In an example, amulti-stage
warning mechanism can be provided where an alert can
be sent to the user if an attitude of the hair dryer is
maintained unchanged for a first duration threshold, a
velocity of airflow from the airflow generating element is
increased and/or an output power of the radiation energy
source is decreased if an attitude of the hair dryer is
maintained unchanged for a second duration threshold
which is larger than the first duration threshold, and the
radiation energy source is switched off if an attitude of the
hair dryer is maintained unchanged for a third duration
thresholdwhich is larger than thesecondduration thresh-
old.
[0076] In still another exemplary embodiment, the one
ormore sensors can include a sensorwhich is configured
to determine the user’s contact on the hair dryer (e.g.,
user holding the handle). In an example, a proximity
sensor can be provide to the hair dryer, for example at
the handle thereof. A signal can be generated to confirm
the user’s contact if the user holds the handle and
touches the proximity sensor. The hair dryer may not
operate if the user does not properly hold the handle. In
the exemplary embodiment, the measurement received

from the one ormore sensors can be indicative of the hair
dryer notbeingheldbyauser.Thecentral processingunit
can be configured to send an alert to the user, increase a
velocity of airflow from the airflow generating element,
decrease anoutput power of the radiation energy source,
and/or switch off the radiation energy source and/or the
airflow generating element.
[0077] In still another exemplary embodiment, the one
or more sensors can include a hair temperature sensor
configured tomeasure a temperature of user’s hair being
radiated with the infrared radiation from the radiation
energy source. In an example, the hair temperature
sensor can be an infrared temperature sensor. The hair
temperature sensor can be provided at the housing of the
hair dryer, for example in proximity to the airflow outlet of
the airflow channel. The hair temperature sensor can
also be provided in a space encompassed by the plurality
of infrared lamps, as shown in FIG. 10 and FIG. 11. In the
exemplaryembodiment, themeasurement received from
the one or more sensors can be indicative of the tem-
perature of the hair being higher than a predetermined
temperature. The central processing unit can be config-
ured to send an alert to a user, decrease a total power
output of the radiation energy source, and/or increase a
velocity of airflow from the airflow generating element,
such that a heat damage of the user’s hair can be pre-
vented.
[0078] In still another exemplary embodiment, the one
or more sensors can include a humidity sensor config-
ured tomeasureahumidity of a surroundingenvironment
in which the hair dryer is operated. In some instances, in
order to effectively dry the hair, the power output of the
radiation energy source can be increased and/or a ve-
locity of airflow from the airflow generating element can
be decreased if a humidity of a surrounding environment
is high. The humidity sensor can be provided at the
housing of the hair dryer, for example at the inlet of the
airflow channel. In the exemplary embodiment, the mea-
surement received from the one or more sensors can be
indicative of the humidity of surrounding environment
being higher than a predetermined humidity. The central
processing unit can be configured to increase a total
power output of the radiation energy source and/or de-
crease a velocity of airflow from the airflow generating
element.
[0079] The sensors discussed hereinabove can be
employed individually or collectively. The measurement
from two or more sensors can be combined or fused.
Data from one or more sensors can be processed within
the context of one another. Data from one or more sen-
sors may be weighted based on precision and/or relia-
bility, etc.
[0080] Sensor data, which may include individual sen-
sor data or combined sensor data, can be provided to the
central processing unit which regulates an operation of
the hair dryer. For instance, the central processing unit
canbeconfigured todeterminea total output power of the
radiation energy source and/or a velocity of the airflow
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from theairflowgeneratingelement basedonat least one
of the proximity of the hair dryer to the hair, the tempera-
ture of the hair being radiated with the infrared radiation,
and the humidity of the surrounding environment. The
central processing unit can determine parameters of the
radiation energy source and/or the radiation energy
source by searching a predetermined lookup table. In
an example, sensor measurement from the proximity
sensor indicates the user is holding the hair dryer too
close to the hair and sensor measurement from the hair
temperature sensor indicates the hair temperature is
greater than a predetermined healthy temperature, then
the central processing unit can determine to decrease an
output power of the radiation energy source and increase
a velocity of the airflow from the airflow generating ele-
ment, such that the hair temperature can be lowered to a
value which is safe and healthy to hair. In another ex-
ample, sensor measurement from the hair temperature
sensor indicates the hair temperature is greater than a
predetermined temperature and sensor measurement
from the IMU indicates the hair dryer is stationery for a
time longer than a predetermined time duration, then the
central processing unit can determine to first send an
alert to the user, and switch off the radiation energy
source if the user does not move the hair dryer in a
predetermined time duration.
[0081] The measurement from the one or more sen-
sors can be stored in a data storage device which is a
either onboard the hair dryer or at a remote cloud. The
data storage device can be a flashmemory which retains
data in the absence of a power supply. The data storage
device canalso store therein anysystemerror datawhich
can be read by an external device through a wired or
wireless manner. In an example, a communication inter-
face can be provided at the housing of the hair dryer (for
example at the handle) to facilitate a reading out of the
data from the data storage device. The sensor measure-
ment and system error data, which is stored in the data
storage device, can enable a maintenance personnel to
locate any malfunctional component. The hair dryer can
be prohibited to operate unless any error code in the data
storage device is cleared by an authorized maintenance
personnel.
[0082] The hair dryer of the disclosure can be provided
with a feedback element configured to provide a tactile
feedback based on a measurement received from the
one or more sensors. The tactile feedback can include at
least oneof a visual, anauditory andahaptic feedback. In
an example, the feedback element can include a light
indicator, for example, one or more light emitting diodes
(LED). The LEDs can be arranged in a ring at the housing
(e.g., the handle or the body) of the hair dryer. The LEDs
can provide various lighting pattern to indicate different
status of the hair dryer. The lighting pattern can include at
least one of a lighting frequency, a color, and a number of
LED being switched on. For instance, the LEDs can flash
at a first frequency to indicate a status where the hair
dryer is not held by the user, and flash at a second and

higher frequency to indicate a status where the hair dryer
is maintained stationery for a time duration more than a
predetermined duration threshold. In an example, the
feedback element can include a vibrator. The vibrator
can vibrate at different frequency and/or strength to in-
dicate different status of the hair dryer. In an example, the
feedback element can include a speaker or buzzer. In an
example, no dedicate feedback element is provided to
the hair dryer, however the motor (e.g., the airflow gen-
erating element) can drive the impeller at different speed
or with different pattern to indicate different status of the
hair dryer. For instance, in case the measurement from
the proximity sensor indicates the user is holding the hair
dryer too close to the hair, the motor can switch the
rotating speed thereof between a first high speed to a
second low speed at a predetermined frequency, such
that a vibrating-like effect can be generated to notify the
user.
[0083] FIG 14A show cross-sectional views showing
exemplary configuration of the radiation energy source
which are used in the hair dryer of the disclosure. A
respective radiation energy source 1403 can have a
reflector 1432 and a radiation emitter 1431 that is posi-
tioned within the reflector. An axial cross section (e.g., a
cross section along an axis) and/or a radial cross section
(e.g., a cross section perpendicular to an axis) of the
reflector can be provided as a parabolic or polynomial
shape. In some instances, a profile of the axial cross-
section and/or the radial cross section can be a polyno-
mial having multiple segments. For example, a first seg-
ment of the profile can be expressed by a polynomial of a
first set of parameters, and a second segment of the
profile can be expressed by a polynomial of a second
set of parameters.
[0084] FIG. 14A provides an example of the radiation
energy source in which the radiation emitter is a tungsten
lamp which contains a filament and a glass bulb. In an
exemplary configuration, the tungsten lampcanmaintain
a certain degree of vacuum. The vacuum can suppress
an evaporation and/or oxidation of the filament and ex-
pand a life span of the tungsten lamp. The vacuum can
also prevent a thermal convection or a thermal conduc-
tion between the filament and the glass bulb. In another
exemplary configuration, the radiation emitter is a tung-
sten halogen lamp which contains a filament and a glass
bulb. Halogen, inert gas or a mixture thereof can be filled
in the tungsten halogen lamp to prevent the evaporation
and/or oxidation of the filament and expand a life span of
the tungsten halogen lamp. An optical element 1433 can
be provided at an opening of the reflector. The optical
element can include lens, reflector, prism, grating, beam
splitter, filter or a combination thereof. In an exemplary
configuration, one single optical element canbeprovided
to the opening of a plurality of the radiation energy
sources. The glass bulb of the lamp absorbs a certain
frequency range of infrared radiation emitted by the fila-
ment inside the lamp and hence heat is accumulated at
the glass bulb. Moreover, heat conduction and convec-
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tion alsohappenbetween the filament and theglassbulb.
In a configuration where an interior of the reflector is not
an absolute vacuum, heat generated at the radiation
emitter can be partially transferred to the reflector. At
least a portion of the emitted radiation can be absorbed
by the innerwall of the reflector. Therefore, a temperature
at the reflector can be increased when the radiation
energy source is powered. There is a need to manage
the operating temperature of the radiation energy source
within a predetermined temperature range to expand the
life span of the radiation emitter and the reflector, and in
the meantime, to avoid adverse effect to the radiation
efficiency (e.g., at a temperature lower than the prede-
termined operating temperature range). For example,
excessive heat dissipation from the radiation energy
source can cause the operating temperature of the radia-
tion energy source lower than the predetermined operat-
ing temperature range, which requires more electrical
energy to be converted into thermal energy to maintain
the temperature required for black body radiation of the
radiation emitter. The disclosure provides a configuration
for controlled heat dissipation and operating temperature
management of the radiation energy source, where at
least one of the one or more radiation energy sources
comprise a first portion that is positioned not contacting
the airflow channel or the airflow within the airflow chan-
nel. The controlled heat dissipation and operating tem-
peraturemanagement of the radiation energy source can
result inan improvedpowerefficiencywhich increasesan
operating duration of the apparatus (e.g., a handheld
apparatus powered by battery) after a charging.
[0085] FIG. 14B is a cross-sectional view showing
another exemplary hair dryer in accordance with embo-
diments of the disclosure. The hair dryer can comprise a
housing 1401. The housing can include a body and a
handle. The housing can be configured to provide an
airflowchannel 1407havinganairflow inlet andanairflow
outlet. An airflow generating element 1402, a radiation
energy source 1403 and various other electric and me-
chanical components can be received in the housing.
The airflow generating element can be contained in the
housing and configured to effect an airflow through the
airflow channel. The one or more radiation energy
sources can be configured to generate infrared radiation
and direct the infrared radiation toward an exterior of the
housing. Examples of the radiation energy sources can
include infrared lamp as described in the disclosure. The
hair dryer can be powered by a power element (e.g.,
embedded batteries and/or an external power source)
that is configured toprovidepower at least to the radiation
energy source and the airflow generating element. The
apparatus can further comprise a controller in connection
with the power element and optionally coupled to the one
or more radiation energy sources. In some instances, no
additional heat source other than the one or more radia-
tion energy sources can be provided to the apparatus.
[0086] In someembodiments, at least one of the oneor
more radiation energy sources can comprise a first por-

tion 1432a that is positioned not contacting the airflow
channel or the airflow within the airflow channel. The first
portion of the radiation energy source can be a portion of
an exterior wall of the reflector in the radiation energy
source. In some instances, the at least one of the one or
more radiation energy sources does not comprise a
portion that is positioned to contact the airflow channel
or the airflowwithin the airflow channel. In some embodi-
ments, the at least one of the one or more radiation
energy sources can further comprise a second portion
1432b that is positioned to contact the airflow channel or
the airflow within the airflow channel.
[0087] Heat canbe transferred from thesecondportion
of the radiation energy source to the airflow channel
and/or the airflow within the airflow channel, such that
a temperature of the radiation energy source is de-
creased, and in the meantime, a temperature of the air-
flow is increased. The radiation energy source having a
decreased operating temperature can reduce thermal
stress on components of the radiation energy source,
resulting in expanded service life of the radiation energy
source. Here, the decreased operating temperature can
be maintained within a temperature range that does not
adversely affect the generation of radiation by the radia-
tion energy source (e.g., a temperature range maintain-
ing the black body radiation of the radiation emitter).
Further, the radiation energy source having a decreased
operating temperature can avoid the housing of the hair
dryer from being over-heated to thereby improve user
experience of the hair dryer. The controlled operating
temperature of the radiation energy source can also
extend the running time of a cordless, battery operated
hair dryer. On the other hand, the airflow having in-
creased temperature (e.g., 1 to 3degrees) can contribute
to evaporation of water from wet object and reduce the
relative humidity around the object, which further accel-
erates the evaporation of water from the object.
[0088] As used here, the term "contact" can mean
physically contact (e.g., directing coupling, engaging,
touching or otherwise associated with) or thermally con-
tact (e.g., transferring heat via a thermal coupling there-
between). The first portion of the radiation energy source
not contacting theairflowchannel or theairflowcanmean
the first portion does not substantially affect, exert influ-
enceonor changeaparameter of theairflow in theairflow
channel. The second portion of the radiation energy
source contacting the airflow channel or the airflow can
mean the second portion substantially affect, exert influ-
enceonor changeaparameter of theairflow in theairflow
channel. Theparameter of theairflowcan include, but not
limited to, a temperature, a volume, a velocity, a velocity
distribution, a field area, a resistance, a pressure, a
direction, a vortex, and a divergence of the airflow.
[0089] The second portion of the at least one of the one
or more radiation energy sources can contact the airflow
channel via a physical coupling. In some instances, the
secondportionof the radiationenergy source candirectly
contact an outer or inner wall of the airflow channel, form
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at least a portion of the airflow channel, be integral with at
least a portion of the airflow channel, or beaportion of the
airflow channel. A surface of the second portion can
follow a contour of the outer or inner wall of the airflow
channel. In some instances, the second portion of the
radiation energy source can contact the airflow channel
via a thermal coupling. Heat can transfer from the radia-
tion energy source to the airflow channel and/or airflow
within the airflow channel via the physical contact or the
thermal coupling. In an example, the first portion can
have a larger surface area than the second portion, or
vice versa. Additionally or alternatively, the second por-
tion can partially protrude into the airflow channel. For
instance, a protruding member (e.g., a fin) can extend
from the second portion of the radiation energy source
into an interior of the airflow channel, in which configura-
tion the second portion of the radiation energy source
either physically connects a wall of the airflow channel or
not. The protruding member can be made of a material
having a high thermal conductivity, thereby transferring
heat from the radiation energy source to the airflow
channel and/or airflow within the airflow channel. The
material having a high thermal conductivity can include,
for example, silver, copper, gold, aluminum Nitride, sili-
con carbide, aluminum, tungsten, graphite or Zinc.
[0090] Aspects of the disclosure also provides ameth-
od for drying an object. Themethod can comprise provid-
ing an airflow channel, via a housing, the airflow channel
having an airflow inlet and an airflow outlet; effecting an
airflow, via anairflowgeneratingelement contained in the
housing, through the airflow channel; generating an in-
frared radiation, via one or more radiation energy
sources, and directing the infrared radiation toward an
exterior of the housing; and providing power, via a power
element to at least the radiation energy source and the
airflow generating element. In some embodiments, at
least one of the one or more radiation energy sources
can comprise a first portion that is positioned not con-
tacting the airflow channel.
[0091] FIG. 15A to FIG. 15C show exemplary config-
uration of the radiation energy source(s) with respect to
the airflow channel in which at least one of the one or
more radiation energy sources 1403 is positioned be-
tween the airflow channel 1407 and the housing 1401.
Panels A are schematic views, and panels B are various
exemplary cross-sectional view of panels A. The one or
more radiation energy sources can be positioned in
various configuration with respect to the airflow channel.
For instance, panel B in FIG. 15A shows the radiation
energy sources positioned along an outer peripheral of
the airflow channel. In an example, the one or more
radiation energy sources can be positioned along an
outer peripheral of the airflow outlet. For instance, panel
B in FIG. 15B shows the one or more radiation energy
sourcespositioned in juxtaposition to theairflowchannel.
In an example, the one or more radiation energy sources
can be positioned in juxtaposition to the airflow outlet.
The one or more radiation energy sources can be ar-

ranged in an array. The one or more radiation energy
sources can be provided in various shapes such as a
circular shape, a ring shape or an arc shape. Panel B in
FIG. 15C shows the radiation energy sources in a ring
shape or arc shapes (e.g., a central angle substantially
180 degrees, 120 degrees or 90 degrees). A controller in
connection with the power element can be positioned
along a peripheral of the airflow channel. A contour (e.g.,
inner surface) of the controller follows a contour of the
airflowchannel. For instance, the controller (e.g., a circuit
board) can be provided as a circular band which wraps
around an outer wall of the airflow channel.
[0092] At least one of the one or more radiation energy
sources 1403 can comprise a first portion 1432a that is
positioned not contacting the airflow channel or the air-
flowwithin the airflow channel. In the exemplary embodi-
ments of FIG. 15A to FIG. 15C, the first portion can be a
portion facing away from the airflow channel or being
positioned closer to the housing than to the airflow chan-
nel. In some embodiments, the at least one of the one or
more radiation energy sources does not have a portion
that is positioned contacting the airflow channel or the
airflow. For instance, at least one radiation energy
sources from among the radiation energy sources that
are positioned in juxtaposition to theairflowchannel does
not haveaportion that is positioned contacting theairflow
channel. In someembodiments, theat least one radiation
energy source can further comprise a second portion
1432b that is positioned to contact the airflow channel
or the airflow within the airflow channel. Note that in FIG.
15C, the second portion can be a side of the radiation
energy sources 1403 that is opposite to the first portion
1432a,whichsecondportion isnot seen inpanelAofFIG.
15C. In an example, the second portion can physically
contact an outer wall of the airflow channel. In another
example, the second portion can be formed integral with
an outer wall of the airflow channel. In yet another ex-
ample, thesecondportion can format least aportionofan
outer wall of the airflow channel. In still another example,
the second portion can be thermally coupled to an outer
wall of the airflow channel while the second portion not
physically contacts the airflow channel. The thermal cou-
pling can be effected by a thermal coupling member
connecting the second portion and the airflow channel.
Heat can therefore transfer from the second portion
1432b of the at least one radiation energy source to
maintain or decrease an operating temperature of the
radiation energy source within a predetermined range.
[0093] FIG. 16A to FIG. 16C show exemplary config-
uration of the radiation energy source(s) with respect to
the airflow channel in which at least one of the one or
more radiation energy sources 1403 is positioned within
the airflow channel 1407. Panels A are schematic views,
and panels B and C are various exemplary cross-sec-
tional views of panels A. As used here, the term "posi-
tioned within" can mean at least one of the one or more
radiation energy sources is within an area of the airflow
channel as viewed in a cross sectional view of the hair
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dryer. The one or more radiation energy sources can be
provided in various shapes suchasacircular shape (e.g.,
as shown in FIG. 16A or FIG. 16C), a ring shape or an arc
shape (as shown in FIG. 16B).
[0094] In an exemplary configuration, one airflow
channel can be provided in the housing. The one ormore
radiation energy sources can be positioned within an
area of the airflow channel. For instance, the one ormore
radiation energy sources can be positioned substantially
at ageometrical center of theairflowchannel, as shown in
FIG. 16A and FIG. 16B. For instance, the plurality of
radiation energy sources can be distributed within an
area of the airflow channel, as shown in panel B in
FIG. 16C. In another exemplary configuration, as shown
in panel C of FIG. 16C, a plurality of airflow channels can
be provided in the housing, one of the airflow channels
being apart fromanother. Anareaof one radiation energy
source can at least partially overlay with an area of one
airflow outlet.
[0095] The at least one radiation energy source can be
at least partially contained in a chamber 1441, thereby at
least a first portion 1432a of the at least one radiation
energy source is positioned within the chamber and thus
does not contact the airflow within the airflow channel. In
the examples shown in FIG. 16A and FIG. 16B, the
plurality of radiation energy sources can be collectively
enclosed at least in part within a common chamber. In the
example shown in FIG. 16C, the plurality of radiation
energy sources can each be enclosed at least in part
within a separate chamber. In some embodiments, the at
least one radiation energy source can be entirely con-
tained in the chamber, thereby no portion of the radiation
energy source contacts the airflow. In some embodi-
ments, a second portion 1432b of the at least one radia-
tion energy source can be positioned not enclosed by the
chamber, thereby contacting the airflowwithin the airflow
channel.
[0096] The chamber can have at least one opening
towards an exterior of the apparatus. The chamber can
be configured to isolate at least a portion of the radiation
energy sources. The chamber can further receive a por-
tion of at least one of a controller, the power element or a
sensor. The controller, which is in connection with the
power element and the radiation energy sources, can
also be positioned in the airflow channel, in which case a
contour of an outer wall of the controller can follows a
contour of an innerwall of the airflow channel. The airflow
can flow through a passage between the airflow channel
and the chamber. At least a portion of the chamber
contacting the airflow can be streamlined to reduce a
resistance of airflow. The chamber can comprise a cool-
ingelement configured todissipateheat generatedby the
radiation energy source that is partially or entirely con-
tained therein. For instance, one or more fins can pro-
trude from an exterior of the chamber and transfer heat
from the radiation energy source into the airflow, thereby
decrease or maintain an operating temperature of the
radiation energy source within a predetermined range.

[0097] The chamber can be positioned within the air-
flow channel by a supporting structure. The supporting
structure can include arms extending from an internal
wall of the apparatus housing to support the chamber in a
predetermined position within an interior of the airflow
channel. The chamber can be coupled to at least one of
the housing or the airflow channel by an airflow guiding
member. The airflow guiding member can be configured
to guide the airflow in the airflow channel.
[0098] Aspects of the disclosure provides an appara-
tus for drying an object having a thermal coupling that is
configured to dissipate heat from the radiation energy
source. The apparatus can comprise a housing config-
ured to provide an airflow channel having an airflow inlet
and an airflow outlet; an airflow generating element con-
tained in the housing and configured to effect an airflow
through theairflowchannel; oneormore radiation energy
sources contained in the housing and configured to gen-
erate an infrared radiation and direct the infrared radia-
tion toward an exterior of the housing; a thermal coupling
coupled to at least one of the one or more radiation
energy sources and configured to dissipate heat from
the at least one of the one or more radiation energy
source; and a power element configured to provide
power at least to the radiation energy sources and the
airflow generating element.
[0099] The thermal coupling caneffect heat dissipation
from the at least one of the one or more radiation energy
sources towhich the thermal coupling is coupled. In some
instances, the radiation energy source can physically
contact either anouter or innerwall of theairflowchannel,
the housing of the apparatus and/or the airflow generat-
ingelement. The thermal couplingcancompriseaportion
of the radiation energy source which physically contact
the airflow channel, the housing of the apparatus or the
airflow generating element. In some instances, the radia-
tion energy source does not physically contact either one
of the airflow channel, the housing of the apparatus or the
airflow generating element. The thermal coupling can
comprise a thermal coupling member which is coupled
to or integral with the radiation energy source and either
one of the airflow channel, the housing of the apparatus
or the airflow generating element. In an example, the
thermal coupling can be made of the same material with
the airflow generating element, the housing or the airflow
channel and/or have the same thermal expansion prop-
erty with the airflow generating element, the housing or
the airflow channel. In an example, the thermal coupling
can be coupled to a support that is connected to the
airflow generating element, the housing or the airflow
channel. In an example, the thermal coupling can dis-
sipate heat by at least one of a heat conduction or a heat
convection.
[0100] Aspects of the disclosure also provides ameth-
od for drying an object. Themethod can comprise provid-
ing an airflow channel, via a housing, the airflow channel
having an airflow inlet and an airflow outlet; effecting
airflow, via an airflow generating element contained in
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the housing, through the airflow channel; generating
infrared radiation, via one or more radiation energy
sources contained in the housing, and directing the infra-
red radiation toward an exterior of the housing; dissipat-
ing heat, via a thermal coupling coupled to at least one of
the one or more radiation energy sources, of the at least
one of the one or more radiation energy source; and
providing power, via a power element to at least the
radiation energy source and the airflow generating ele-
ment.
[0101] FIG. 17 showsanexemplary configuration of an
apparatus in which the thermal coupling comprises a
second portion 1732b of the at least one of the one or
more radiation energy sources 1707 that is positioned to
contact the airflow channel 1703. The secondportion can
be an area of the radiation energy source at which the
radiation energy source is coupled to an outer wall (e.g.,
the radiation energy source is positioned between the
airflow channel and the housing of the apparatus) or an
inner wall (e.g., the radiation energy source is positioned
in an interior of the airflowchannel) of the airflow channel.
In some instances, the radiation energy source can be
welded or adhered or otherwise affixed to the airflow
channel at the second portion. In some instances, at
least a part of the second portion can form a portion of
either the outer wall or inner wall of the airflow channel. In
some instances, the second portion can at least partially
protrude into the airflow channel. The protruding part of
the second portion can comprise an airflow guide that is
configured to regulate a property (e.g., direction, volume,
velocity, a velocity distribution, a field area, a resistance,
a direction, a vortex, pressure, and a divergence, etc.) of
the airflow. In an example, the protruding part of the
second portion can be in proximity to the airflow outlet.
Heat can be dissipate from the radiation energy source to
the airflow channel and/or the airflow in the airflow chan-
nel by a heat conduction, thereby decreasing or main-
taining an operating temperature of the radiation energy
sourcewithin a predetermined temperature range and/or
increasing a temperature of the airflow in the airflow
channel. An area of the second portion can be deter-
mined by a heat dissipation efficiency and an operating
temperature of the radiation energy source. Though the
radiation energy source is coupled to airflow channel in
the example of FIG. 17, the radiation energy source can
be coupled to either the housing of the apparatus or the
airflow generating element at the second portion, such
that heat can be transferred from the radiation energy
source to the housing of the apparatus or the airflow
generating element.
[0102] FIG. 18A is a cutaway lateral view, andFIG. 18B
is a cross-sectional view of FIG. 18A, showing an ex-
emplary configuration of an apparatus in which the ther-
mal coupling comprises a thermal coupling member. In
some instances, the thermal coupling member 1741 can
be an integral part of the at least one of the one or more
radiation energy sources and thermally coupled with the
airflow channel 1703, the airflow generating element or

the housing of the apparatus. In some instances, the
thermal coupling member 1741 can be an integral part
of the airflow channel, the airflow generating element
and/or the housing of the apparatus and thermally
coupled with the radiation energy source. Heat can be
transferred from the radiationenergysource to theairflow
channel, the airflow generating element and/or the hous-
ing of the apparatus by heat conduction, thereby de-
creasing or maintaining an operating temperature of
the radiation energy source and/or increasing a tempera-
ture of the airflow. The thermal coupling member can
comprise amaterial with a thermal conductivity of at least
20, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500 watts
permeter-kelvin (W/(m-K))or higher.Thematerial having
a high thermal conductivity can include, for example,
silver, copper, gold, aluminum Nitride, silicon carbide,
aluminum, tungsten, graphite or Zinc. In some instances,
the thermal couplingmembercanbeacoolingmemberor
a heat sink.
[0103] In some embodiments, the at least one of the
one or more radiation energy sources can physically not
contact the airflow channel, the airflow generating ele-
ment and/or the housing of the apparatus. In otherwords,
the radiation energy source does not comprise a portion
that is positioned to contact the airflow channel, the air-
flow generating element and/or the housing of the appa-
ratus. The thermal coupling member can be coupled
between arbitrary portion of the radiation energy source
and the airflow channel, the airflow generating element
and/or the housing of the apparatus. More than one
thermal coupling member can be coupled to one radia-
tion energy source. In some embodiments, the at least
one of the one or more radiation energy sources can
partially contact the airflow channel, the airflow generat-
ing element and/or the housing of the apparatus. In other
words, the at least one of the one or more radiation
energy sources can have a first portion that is positioned
not contacting the airflow channel, the airflow generating
element and/or the housing of the apparatus and a sec-
ond portion that contacts the airflow channel, the airflow
generating element and/or the housing of the apparatus.
The thermal coupling member can be coupled between
the first portion of the radiation energy source and the
airflow channel, the airflow generating element and/or
the housing of the apparatus.
[0104] In the example in FIG. 18A and FIG. 18B, the at
least one of the one or more radiation energy sources
1707 can be positioned between the apparatus housing
1701 and the airflow channel 1703. The thermal coupling
member or cooling member 1741 can be thermally
coupled betweenat least oneof the oneormore radiation
energy sources 1707 and at least one of an out wall of the
airflow channel 1703 and the housing 1701 of the appa-
ratus, and configured to dissipate heat from the at least
one of the one ormore radiation energy sources. In other
examples, the at least one radiation energy source can
be positioned in the airflow channel (e.g., the radiation
energy source is at least partially enclosed in a chamber,
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as discussed in FIG. 16A to FIG. 16C). In such config-
uration, the thermal couplingmember can be provided as
long as a portion thereof contacts the airflow, such that
theheat from theat least one radiation energy source can
be dissipated. The thermal coupling member optionally
thermally coupled between the at least one radiation
energy source and at least one of an inner wall of the
airflow channel, the chamber wall or the chamber, there-
by conducting heat from the at least one radiation energy
source to the least one of an inner wall of the airflow
channel, the chamber wall or the chamber. Though the
example in FIG. 18A andFIG. 18B shows the at least one
radiation energy source does not physically contact the
airflow channel, in some other examples, the at least one
radiationenergy sourcecanphysically contact theairflow
channel at a second portion thereof, and the thermal
coupling member or cooling member can be a thermal
coupling in addition to the second portion of the at least
one radiation energy source.
[0105] In the example of FIG. 18C and FIG. 18D, the
thermal coupling member 1741 can at least partially
protrudes into the airflow channel 1703. The protruding
part of the thermal coupling member can comprise an
airflow guide, such as a fin. The airflow guide can be
configured to regulate a property (e.g., a volume, a
velocity, a velocity distribution, a field area, a resistance,
a pressure, a direction, a vortex, and a divergence, etc.)
of theairflow. Insome instances, theprotrudingpart of the
thermal coupling member can be positioned at a down-
streamof theairflowwith respect to theairflowgenerating
element. The axis of the respective parabolic or polyno-
mial reflector in the plurality of radiation energy sources
can intersect with each other, thereby radiation exiting
the plurality of radiation energy sources can at least
partially overlap at a predetermined distance in front of
the apparatus.
[0106] FIG. 19A to FIG. 19C show exemplary config-
uration of an apparatus in which the thermal coupling
comprises a first through-hole 1951 that is in commu-
nication with an interior of the at least one of the one or
more radiation energy sources 1707. The first through-
hole can be configured to introduce airflow into the inter-
ior of the least one of the one or more radiation energy
sources, thereby decreasing ormaintaining an operating
temperature of the radiation energy source by heat con-
vection. In some instances, the first through-hole 1951
can be positioned at a first portion of the radiation energy
source, which first portion does not contacts the airflow
channel 1703, as illustrated in FIG. 19A. Air from exterior
of the airflow channel (e.g., air from exterior of the appa-
ratus) canenter the interior of the radiation energy source
through the first through-hole. In some instances, the first
through-hole 1951 can be positioned at a second portion
of the at least one of the one or more radiation energy
sources, which second portion contacts the airflow chan-
nel 1703, as illustrated in FIG. 19B. Air from interior of the
airflow channel can enter the interior of the radiation
energy source through the first through-hole.

[0107] In some embodiments, the thermal coupling
can further comprise a second through-hole 1952 which
is configured to exit air from the interior of the least one of
the one or more radiation energy sources. In some in-
stances, the second through-hole canbepositionedat an
exit of the infrared radiation (e.g., the opening of the
reflector of the radiation energy source). In a configura-
tion where the opening of the reflector is cover by an
optical element, the second through-hole can be pro-
vided at the optical element. In some instances, the
second through-hole can be positioned at a portion of
the at least one radiation energy source. In an example,
the portion of the at least one radiation energy source can
be at a second portion of the at least one radiation energy
source, which second portion contacts the airflow chan-
nel, as shown in FIG. 19A. Air can be introduced from an
exterior of the radiation energy source (e.g., an exterior of
the apparatus via a vent on the housing of the apparatus)
into the interior of the radiation energy source, and exited
from the interior of the radiation energy source into the air
channel. In another example, the portion of the at least
one radiation energy source canbe at a first portion of the
at least one radiation energy source, which first portion
does not contact the airflow channel, as shown in FIG.
19B. Air can be introduced from the air channel into the
interior of the radiation energy source, and exited from
the interior of the radiation energy source into exterior of
the apparatus (e.g., via vent on the housing of the appa-
ratus). In yet another example, both the first through-hole
and the second through-hole can be provided at the first
portionof theat least one radiationenergy source.Air can
be introduced from the exterior of the apparatus into the
interior of the radiation energy source via vent on the
housing, and exited from the interior of the radiation
energy source back to exterior of the apparatus via the
vent. In still another example, both the first through-hole
and the second through-hole can be provided at the
second portion of the at least one radiation energy
source. Air can be introduced from the air channel into
the interior of the radiation energy source, and exited
from the interior of the radiation energy source back into
the air channel.
[0108] FIG. 19C shows an exemplary configuration of
an apparatus in which the at least one of the one or more
radiation energy sources does not physically contact the
airflowchannel 1703.The thermal coupling cancomprise
an air duct 1956 that is in communication with the first
through-hole 1951. The air duct can be further in com-
municationwith either the airflow in the airflow channel or
an exterior of the housing. The air duct can be made of a
thermal conductivematerial. A second through-hole con-
figured to exist air from the interior of the radiation energy
source can be additionally provided to the configuration
inFIG.19C,andanair duct canbeprovided to thesecond
through-hole. The first or second through-hole can be
provided at either the first or second portion of the radia-
tion energy source, as discussed in FIG. 19A and FIG.
19B. Though the examples in FIG. 19A to FIG 19C are
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shown with the one or more radiation energy sources
being positioned external to the airflow channel, the one
or more radiation energy sources can also be positioned
within the airflow channel while the first and second
through-holes effecting an introducing and existing of
the air into and from the interior of the radiation energy
source.
[0109] FIG. 20A to FIG. 20D show exemplary config-
uration of an apparatus in which the thermal coupling
comprises a third through-hole 1953 that is in commu-
nication with the airflow in the airflow channel. The third
through-hole can be provided at the wall of the airflow
channel. In some instances, as shown in FIG. 20A toFIG.
20D, the third through-hole can be configured to direct air
from the airflow channel 1703 to at least an exterior
surface of the at least one of the one or more radiation
energy sources 1707. Air introduced from the airflow
channel and blown onto at least the exterior surface of
the at least one radiation energy source take at least a
portion of the heat away from the exterior surface of the
radiation energy source, thereby lower the temperature
of the radiation energy source.
[0110] The thermal coupling can further comprise a
fourth through-hole which is configured to exit the air,
which is introduced from the airflow channel, to an ex-
terior of the apparatus or back into the airflow channel.
Thecirculatingair from the third through-hole to the fourth
through-hole can facilitate a removal of heat from the
radiation energy source and thereby lower a temperature
of the radiation energy source. In the example shown in
FIG. 20B, the fourth through-hole 1955 can be provided
at a housing 1701 of the apparatus. Air introduced from
the airflow channel can flow through at least a portion of
exterior surface of the radiation energy source and exit
from the fourth through-hole to an exterior of the appa-
ratus. In the example shown in FIG. 20C, an optical
element 1733 can be provided to cover the opening of
the reflector of the radiation energy source and a gap
between a rim of the opening of the reflector and the
housing1701ofapparatus.The fourth through-hole1955
can be provided at a part of the optical element that
covers the gap. Air introduced from the airflow channel
can flow through at least a portion of exterior surface of
the radiation energy source and exit from the fourth
through-hole to an exterior of the apparatus. In the ex-
ample shown in FIG. 20D, the fourth through-hole 1955
canbeprovidedat thewall of theairflowchannel1703.Air
introduced from the airflow channel can flow through at
least a portion of exterior surface of the radiation energy
source and enter back into the airflow channel via the
fourth through-hole. It is apparent that more than one
fourth through-hole can be provided at the housing of the
apparatus, the optical element of the radiation energy
source and/or the wall of the airflow channel.
[0111] The disclosure also provides a configurations of
an apparatus for drying an object in which a reflector of
the one ormore radiation energy sources has a cut-away
shape. In a compact apparatus containing a plurality of

radiation energy sources (e.g., infrared radiation lamp)
having parabolic or polynomial reflectors, the reflectors
may occupy an interior space of the apparatus and thus
affect a configuration and/or arrangement of the airflow
channel, which in turn affect a property of the airflow. For
instance, the velocity and volume of the airflow can affect
the efficiency of drying the object, and an increasednoise
can be generated by an increased airflow resistance. On
the other hand, an infrared radiation lamp having a re-
flector with reduced size may result in an attenuated
radiation efficiency. In addition, due to existence of inter-
nal installation and/or positioning components in the
reflector, a size of the reflector (e.g., a diameter of the
opening, a longitudinal length from the opening to the
vertex) may not be largely reduced. Therefore, there is a
need to provide a radiation energy sources having a
reflector which balances a radiation efficiency, airflow
property (e.g., a volume, a velocity, a velocity distribution,
afieldarea, a resistance, apressure, adirection, a vortex,
and a divergence, etc.) ,a functionality and spatial effi-
ciency.
[0112] FIG. 21 is a schematic view showing an exemp-
lary configuration of an apparatus for drying an object in
which a reflector of the one or more radiation energy
sourceshasacut-awayshape.PanelB is a lateral viewof
the schematic view of panel A. The apparatus for drying
an object can comprise a housing, one or more radiation
energy sources configured to generate infrared radiation
and direct the infrared radiation toward an exterior of the
housing, and a power element configured to provide
power at least to the radiation energy source. Each of
the one ormore radiation energy sources can comprise a
reflector. The reflector can have an opening toward the
exterior of the housing. A radial cross section (e.g., a
crosssectionperpendicular toanaxis)of the reflector can
be a portion of a curve. In some instances, a profile of the
axial cross-section and/or a radial cross section of the
reflector can be a polynomial having multiple segments.
For example, a first segment of the profile can be ex-
pressedbyapolynomial of a first set of parameters, anda
second segment of the profile can be expressed by a
polynomial of a second set of parameters. The axis of the
respective parabolic reflecting surface of the reflector in
the plurality can intersect with each other, thereby radia-
tion exiting theplurality of radiation energy sources canat
least partially overlapat a predetermineddistance in front
of the apparatus.
[0113] In the example shown in FIG. 21, the one or
more radiation energy sources can be positioned be-
tween the airflow channel and the housing of the appa-
ratus. At least one of the reflectors of the one or more
radiation energy sources can have a cut-away shape. As
used here, the term "cut-away shape" can refer to a three
dimensional shape that is not an intact cone, truncated-
cone, cylinder shape, sphere or spheroid. In a cut-away
shape, at least a portion of a circumference of the three
dimensional shape is removed. As shown in panel A of
FIG. 21, at least one of the cut-away shaped reflector of
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the radiation energy source can comprise at least a first
part 2161 that is coupled to, integral with or form the outer
wall of the airflowchannel 2103. In thedisclosure, the first
part is described as a part of the cut-away shaped re-
flector. However, it is apparent for those in the art that the
first part can also be considered a part of the wall of the
airflow channel or a shared or joined part of the reflector
and the airflow channel. The first part can contact the
airflow within the airflow channel. The first part can be
configured to transfer heat generated at the radiation
energy source to the airflow channel by heat conduction.
The first part of the cut-away shaped reflector can follow
the contour of the airflow channel. A shape of the first part
of the cut-away shaped reflector can have a curvature. In
some instances, the curvature can be concave relative to
a geometric center of the apparatus, as shown in FIG. 21.
A radial cross section of the reflector can be a portion of a
curve. In some instances, the radial cross section can
vary along an axis of the reflector.
[0114] In anexemplary embodiment, the at least one of
the cut-away shaped reflector can further comprise a
second part 2162 that is located at a side of the reflector
opposing the first part 2161. The second part can have a
substantially same or different curvature from that of the
first part. The second part can be positioned to not con-
tact the airflow channel. In some instances, the second
part can comprise a portion that is coupled to the housing
of the apparatus. In an exemplary embodiment, the at
least one of the cutaway shaped reflector can further
comprise a third part 2163 connecting the first and the
second parts. The third part of the cut-away shaped
reflector can be coupled to the third part of an adjacent
cut-away shaped reflector, as shown in FIG. 21. The
material of the first part 2161 can be different from the
second part and/or the third part, for example with higher
thermal conductivity.
[0115] Panels C and D in FIG. 21 provide schematic
views showing exemplary configuration of an apparatus
for drying an object in which a reflector of the one ormore
radiation energy sources has a cut-away shape in ac-
cordance with other embodiments of the disclosure. Pa-
nel D is a cutaway lateral view of the schematic view of
panel C. In the example shown in Panels C andD of FIG.
21, theairflowchannel 2103canbeprovidedbetween the
housing 2101 of the apparatus and the one or more
radiation energy sources 2107. At least one of the re-
flectors of the one or more radiation energy sources can
have a cut-away shape. As shown in panel C of FIG. 21,
at least one of the cut-away shaped reflector of the
radiation energy source can comprise at least a first part
2161 that follows a contour of the housing. The first part
cancompriseaportion that is coupled to the inner surface
of the housing. In some instances, the at least one of the
cut-away shaped reflector can further comprise a second
part 2162 that is locatedat a sideof the reflector opposing
the first part 2161. In some instances, the at least one of
the cutaway shaped reflector can further comprise a third
part 2163 connecting the first and the second parts. The

third part of the cut-away shaped reflector canbecoupled
to the third part of an adjacent cut-away shaped reflector,
as shown in panels C and D in FIG. 21.
[0116] The experiments and simulation, as illustrated
in FIG. 22, show a comparison of a radiation power
distribution pattern and a radiation efficiency (e.g., a ratio
between the output radiation power at the opening of the
reflector and an input power of the radiation energy
source) of a radiation energy source having a cut-away
shaped reflector against a radiation energy source hav-
ing an intact cone-shaped reflector which has a same
size (e.g., diameter) at the opening. The radiation effi-
ciency of a radiation energy source having a cut-away
shaped reflector is 88.1%, which is comparably high with
the radiation efficiency 88.93% of a radiation energy
source having an intact cone-shaped reflector, while
keeping the contour of the cutaway reflector smaller.
[0117] FIG. 23 shows another exemplary configuration
of an apparatus for drying an object. Among a plurality of
radiation energy sources positioned between the hous-
ingof theapparatusand theairflowchannel 2303, at least
one radiation energy source comprise a first portion that
is positioned to not contact the airflow channel. For in-
stance, radiation energy source 2307a can comprise a
first portion that is positioned opposing to the airflow
channel, though the radiation energy source 2307a
can further comprise a second portion that is positioned
to contact the airflow channel. For instance, the radiation
energy source 2307b can be positioned away from the
airflow channel thus comprising no portion contacting the
airflow channel. In an exemplary embodiment, a thermal
coupling can be coupled to the radiation energy source
2307b and configured to dissipate heat from the radiation
energy source 2307b. As discussed elsewhere in the
disclosure, the thermal coupling can comprise a thermal
coupling member or a cooling member that is connected
with the airflow channel or the housing of the apparatus.
The thermal coupling can comprise a first through-hole
that is in communication with an interior of the radiation
energy source 2307b. The first through-hole can be
configured to introduce air into the interior of the radiation
energy source 2307b. The thermal coupling can com-
prise a third through-hole that is in communication with
the airflow in the airflow channel. The third through-hole
can be configured to direct air from the airflow channel to
an exterior surface or an interior of the radiation energy
source2307b. The radiationenergy source2307acanbe
positioned tobeadjacent to theairflowchannel. Asecond
portion of the radiation energy source 2307a can contact
the airflow channel. As discussed elsewhere in the dis-
closure, the reflector of the radiation energy source
2307a canhavea cut-away shape. The cut-away shaped
reflector cancompriseat least afirst part that is coupled to
theairflowchannel. Thefirst part can follow thecontour of
the airflow channel.
[0118] FIG. 24 shows yet another exemplary config-
uration of an apparatus for drying an object. A plurality of
radiation energy sources 2407 can be positioned within
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the housing 2401 of the apparatus. The airflow channel
can be provided in a space defined between the radiation
energy sources. For instance, a first airflow channel
2403a can be provided in the space between any two
ormore radiation energy sources. For instance, a second
airflow channel 2403b can be additionally or alternatively
provided in the space enclosed by the radiation energy
sources which are positioned in proximity to a geome-
trical center of the housing. In an example, a thermal
coupling can be coupled to at least one of the radiation
energy sources and configured to dissipate heat from the
radiation energy source, as discussed elsewhere in the
disclosure. In an example, the reflector of at least one of
the radiation energy source (e.g., the radiation energy
source abutting the airflow channel or the apparatus
housing) can have a cut-away shape, as discussed else-
where in the disclosure. The axis of the respective para-
bolic reflector in the plurality of radiation energy sources
can intersect with each other, thereby radiation exiting
the plurality of radiation energy sources can at least
partially overlap at a predetermined distance in front of
the apparatus.
[0119] The disclosure further provides a radiation en-
ergy source (e.g., radiation bulb) in which the generated
radiation can be efficiently reflected. The radiation en-
ergy source can be used in the apparatus for drying an
object of the disclosure. FIG. 25 shows exemplary con-
figuration of radiation energy source of the disclosure.
The radiation energy source can comprise a radiation
emitter 2531 and a reflector 2532. The radiation emitter
can be configured to generate an infrared radiation when
powered. The reflector can have a parabolic or polyno-
mial cross-section with at least one vertex and an open-
ing toward an exterior of the radiation energy source. The
reflector can be configured to direct the infrared radiation
toward the exterior of the radiation energy source. The
opening of the reflector can be covered by an optical
element 2533. In a configuration where a plurality of
radiation energy sources are provided, the opening of
the plurality of reflectors can be covered by one optical
element. For instance, the optical element can be a lens,
a lens coated with a coating film, or an optic other than a
lens.
[0120] The radiation emitter can be positioned and
oriented such that a distal end 2534 (e.g., the tip portion)
of the radiation emitter does not point to the opening. In
the exemplary radiation energy source of FIG. 25, the
radiation emitter can be oriented such that its longitudinal
axis (e.g., from the leads to the tip) is substantially per-
pendicular relative to the opening of the reflector. For
instance, the radiation emitter can be supported at or
near a side portion 2535 of the reflector or in proximity to
thevertexof the reflector,whichsideportion isaportionof
the reflector that doesnot include thevertex.The reflector
can have at least one through hole to accommodate a
coupling (e.g., a wire) between the power source and the
emitter. The at least one through hole can be sealed by a
sealing member capable of insulating at least one of

electricity, radiation or water.
[0121] In the exemplary radiation energy source
shown in FIG. 26, the radiation emitter can be oriented
in a substantially opposite direction relative to the open-
ing of the radiation energy source. For instance, the distal
portion2534of the radiationbulb canpoint to thevertexof
the reflector, while the base portion of the radiation bulb
points to theopeningof the reflector. The radiationemitter
2531 can be supported by a support 2536 which extends
into the opening of the radiation energy source, such that
the radiation emitter is oriented to direct radiation toward
the vertex of the reflector. The support can include a
groove toaccommodateacoupling (e.g., awire) between
a power source and power leads of the radiation emitter.
Benefit of the radiation energy source as shown in FIG.
25 and FIG. 26 can include improved reflection efficiency
and optical properties. For instance, by virtue of the
configuration of the embodiments of the disclosure, the
radiation emitter (e.g., the filament) can be positioned
substantially at or in proximity to a focal point of the
parabolic reflector or polynomial reflector, resulting in
the reflected beam of radiation being a substantially
parallel.
[0122] The disclosure also provides a radiation emitter
(e.g., such as an infrared lamp) which has improved
radiation emission. The radiation emitter can be used
in the radiation energy source for the apparatus for drying
an object of the disclosure. FIG. 27 shows an exemplary
embodiment of an radiation emitter of the disclosure. The
radiation emitter can comprise a radiation generating
element 2704 which is sealed in a bulb 2701 and con-
figured to generate a radiation when powered. A tip
portion of the bulb can include a lens 2703 which mod-
ulate adivergency and/or direction of radiation exiting the
radiation emitter. The radiation generating element 2704
can be a filament (e.g., Tungsten wire filament) having a
predetermined width and height. Leads or pins 2705 can
support the filament andcouplebetween the filament and
the power element. The radiation emitter can include a
first radiation reflecting element 2706which is positioned
beneath the radiation generating element 2704 and con-
figured to reflect at least a portion of the radiation toward
an exterior of the radiation emitter.
[0123] The first radiation reflecting element can have a
reflecting surface facing the radiation generating ele-
ment. The reflecting surface can be substantially para-
bolic having a focal point, the radiation generating ele-
ment being positioned in proximity to or at the focal point.
In some instances, the reflecting surface can have a
coating that reflects an infrared radiation. The first radia-
tion reflecting element can bemade fromaheat-resistant
metal. Examples of the heat-resistant metal can include
molybdenum, tantalum, niobium, copper and steel.
[0124] In the exemplary embodiment in FIG. 28, the
radiation emitter can further comprise a second reflecting
element 2707 which is located at an opposite side of the
radiationgeneratingelement2704with respect to thefirst
reflecting element 2706. The second reflecting element
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can have a reflecting surface facing the emitting element
to reflect at least a portion of the radiation to the first
reflecting element. The reflecting surface can be sub-
stantially parabolic having a focal point, the radiation
generating element being positioned in proximity to or
at the focal point. Thesecond reflectingelement canhave
a hole 2708 in its geometric center. The second reflecting
element is provided to regulate an angle of divergence of
the radiation exiting the radiation emitter. For instance,
only the radiation having an angle of divergence equal to
or smaller than a predetermined angle of divergence can
pass the hole in the second reflecting element and exit
the radiation emitter. Any radiation, which is emitted from
the filament or reflected by the first radiation reflecting
element but has an angle of divergence larger than the
predetermined angle of divergence, can be reflected
back to thefirst reflectingelement by the second radiation
reflecting element. In some instances, a portion of the
radiation emitted from the filament can be reflected be-
tween the first reflecting element, the second reflecting
element and/or the inner surface of the reflector multiple
times prior it exits the radiation emitter and/or opening of
the reflector, resulting in the radiation exiting the radiation
emitter and/or opening of the reflector in a collimated
manner.
[0125] The first and/or second radiation reflecting ele-
ment can be supported by a supporting member. The
supporting member can be insulated. The supporting
member canmade of a non-conductivematerial. In some
instances, the supporting member can be separate and
different from a support which supports the radiation
generating element. In some instances, the supporting
member can also support and transmit power to the
radiation generating element. In the latter case, an in-
sulation can be provided to the portion where the sup-
portingmember contacts the first and/or second radiation
reflecting element.
[0126] The disclosure also provides an apparatus for
drying an object which generates a low noise. The appa-
ratus can comprise a housing configured to provide an
airflow channel having an airflow inlet and an airflow
outlet, an airflow generating element contained in the
housing and configured to effect an airflow through the
airflow channel, a radiation energy source contained in
the housing and configured to generate infrared radiation
and direct the infrared radiation toward an exterior of the
housing, and a power element configured to provide
power at least to the radiation energy source and the
airflow generating element. The airflow generating ele-
ment can be positioned at a downstream of the airflow
with respect to at least a portion of the power element. At
least a portion of the radiation energy source can be
located at a downstream of the airflow with respect to
the airflow generating element. At least a portion of the
radiation energy source can be coupled to at least a
portion of the airflow channel.
[0127] Theairflowgenerating element can comprise at
least a low noise motor. The airflow generating element

can comprise a fan driven by themotor, when actuated, a
rotation of the fan effects the airflow through the airflow
channel. The fan can comprises a plurality of blades. A
rotating speed of the motor can be determined based on
the number of the blades, such that a blade-passing
frequency, which is correlated to a product of a rotating
speed of the motor and the number of blades, is sub-
stantially within a frequency range of ultrasonic. A noise
of the motor can thus be suppressed since humans are
not sensitive to a sound having frequency in the range of
ultrasonic.Themotor canbeahigh-speedmotor. In some
instances, the rotating speed of the motor can exceed at
least 10,000, 20,000, 30,000, 40,000, 50,000, 60,000,
70,000, 80,000, 90,000, 100,000 or even more revolu-
tionsperminute (rpm). Thenumberof thebladescanbea
prime number other than 2. In an example, the number of
thebladescanbeequal or exceed3,5, 7, 9, 11or13or17.
[0128] The high-speed motor can be combined with
any other aspect(s) of the disclosure in an apparatus for
drying an object. For instance, in an apparatus for drying
an object having a high-speed motor, at least one of the
oneormore radiationenergysources cancompriseafirst
portion that is positioned not contacting the airflow chan-
nel. This configuration can be effected since a large
volume of airflow is generated within the airflow channel
by the high-speed motor, which large volume of airflow
lowers an increase in the temperature of the airflow
channel and the airflow even if heat is transferred from
the radiation energy source. For example, the volume of
airflow generated by the motor can be at least 5, 10, 15,
20, 25 or 30 cubic feet per minute (CFM) as measure at
the output opening of the apparatus. A heat dissipation
efficiency of the radiation energy source can be deter-
mined from the volume of airflow generated at the motor
and the temperature required for black body radiation of
the radiation emitter, and an area of the radiation energy
source that is required for heat dissipation can be deter-
mined based on the heat dissipation efficiency. The area
required for heat dissipation can be a portion of the entire
area of the external wall of the radiation energy source to
maintain the operating temperature of the radiation en-
ergy source within a predetermined temperature range
(e.g., the temperature range required for maintaining the
radiation emitter at a black body radiation status). There-
fore, it can be sufficient to contact a portion of the external
surface of the radiation energy source with the airflow
channel, to couple a thermal coupling to the radiation
energy source, and/or to extend a relatively short pro-
truding member (e.g., a fin) from the radiation energy
source into an interior of the airflow channel, to maintain
the operating temperature of the radiation energy source
within a predetermined temperature range. Due to the
large volume of airflow generated by the high-speed
motor, heat transferred from the radiation energy source
to the airflow channel or the airflow can be efficiently
removed without substantially increasing the tempera-
ture of the airflow channel or the airflow. In some in-
stances, an increase in the temperature of the airflow
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in the airflow channel due to the heat transferred from the
radiation energy source can be less than 1, 2, 3, 4, or 5
degrees.
[0129] The motor can be coupled in the housing by a
mountingelement,whichmountingelement canbeapart
of the airflow generating element. The motor can be
received in a chamber of the mounting element. The
mounting element can prevent or reduce a vibration
and/or noise, which is generated by the motor, from
transmitting to the housing. The mounting element can
include, for example, a support member of an elasto-
mericmaterial. In an example, themounting element can
comprise a portion coupled to at least one of the housing,
the airflow channel or the radiation energy source.
[0130] The disclosure also provides a method for dry-
ing an object. The method can comprise providing an
airflow channel, via a housing, the airflow channel having
an airflow inlet and an airflow outlet; effecting airflow, via
an airflow generating element contained in the housing,
through the airflow channel, the airflow generating ele-
ment comprising at least a low noise motor; generating
infrared radiation, via a radiation energy source con-
tained in the housing, and directing the infrared radiation
toward an exterior of the housing; and providing power,
via a power element to at least the radiation energy
source and the airflow generating element.
[0131] Though theapparatus for drying anobject of the
disclosure is descriedwith reference to drawingswhere a
hair dryer is illustrated, those skilled in the art can ap-
preciate that the apparatus for drying an object is not
limited to a hair dryer as long as an radiation energy
source (e.g., oneormore infrared lamps) is utilized as the
source of heat energy. In some embodiments, the appa-
ratus for drying an object of the disclosure can be im-
plemented asa clothes dryer or a handdryer. The clothes
dryer can utilize one or more infrared lamps as heat
source in association with an airflow generating element
to facilitate an evaporation of water from various fabric
such as clothes, bed sheets, curtains, and plush toys.
The housing of the clothes dryer can comprise a support
or a stand. A height of the support or stand can be
adjusted.
[0132] FIG. 29 shows an example of a device control
system, in accordance with embodiments of the inven-
tion. The device control system can be programmed to
implement methods and devices of the disclosure.
[0133] The device control system includes a central
processing unit (CPU, also "processor" and "computer
processor" herein) 2905, which can be a single core or
multi core processor, or a plurality of processors for
parallel processing. The device control system also in-
cludes memory or memory location 2910 (e.g., random-
accessmemory, read-onlymemory, flashmemory), elec-
tronic storage unit 2915 (e.g., hard disk), communication
interface2920 (e.g., network adapter) for communicating
with one or more other systems, and peripheral devices
2925, such as cache, other memory, data storage and/or
electronic display adapters. The memory 2910, storage

unit 2915, interface 2920 and peripheral devices 2925
are in communication with the CPU 2905 through a
communication bus (solid lines), such as amotherboard.
The storage unit 2915 can be a data storage unit (or data
repository) for storing data. The device control system
can be operatively coupled to a computer network ("net-
work") 2930 with the aid of the communication interface
2920. The network 2930 can be the Internet, an internet
and/or extranet, or an intranet and/or extranet that is in
communication with the Internet.
[0134] The network 2930 in some cases is a telecom-
munication and/or data network. The network 2930 can
include one ormore computer servers, which can enable
distributed computing, such as cloud computing. For
example, one or more computer servers may enable
cloud computing over the network 2930 ("the cloud") to
perform various aspects of analysis, calculation, and
generation of the present disclosure, such as, for exam-
ple, capturing a configuration of one or more experimen-
tal environments; performingusageanalyses of products
(e.g., applications); and providing outputs of statistics of
projects. Such cloud computing may be provided by
cloud computing platforms such as, for example, Ama-
zon Web Services (AWS), Microsoft Azure, Google
Cloud Platform, and IBM cloud. The network 2930, in
some caseswith the aid of the device control system, can
implement a peer-to-peer network, which may enable
devices coupled to the device control system to behave
as a client or a server.
[0135] The CPU 2905 can execute a sequence of
machine-readable instructions, which can be embodied
in a program or software. The instructions may be stored
in a memory location, such as the memory 2910. The
instructions can be directed to the CPU 2905, which can
subsequently program or otherwise configure the CPU
2905 to implement methods of the present disclosure.
Examples of operations performed by the CPU 2905 can
include fetch, decode, execute, and writeback.
[0136] The CPU 2905 can be part of a circuit, such as
an integrated circuit. One or more other components of
the system can be included in the circuit. In some cases,
the circuit is an application specific integrated circuit
(ASIC).
[0137] The storage unit 2915 can store files, such as
drivers, libraries and saved programs. The storage unit
2915 can store user preference data , e.g., user prefer-
ences and user programs. The device control system in
some cases can include one or more additional data
storage units that are external to the device control
system, such as located on a remote server that is in
communication with the device control system through
an intranet or the Internet.
[0138] The device control system can communicate
with one or more remote device control systems through
the network 2930. For instance, the device control sys-
tem can communicate with a remote device control sys-
tem of a user (e.g., a user of an experimental environ-
ment). Examples of remote device control systems in-
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clude personal computers (e.g., portable PC), slate or
tablet PC’s (e.g., Applet iPad, Samsung® Galaxy Tab),
telephones, Smart phones (e.g., Applet iPhone, Android-
enabled device, Blackberry®), or personal digital assis-
tants. The user can access the device control system via
the network 2930.
[0139] Methods as described in the disclosure can be
implemented by way of machine (e.g., computer proces-
sor) executable code stored on an electronic storage
location of the device control system, such as, for ex-
ample, on the memory 2910 or electronic storage unit
2915. The machine executable or machine readable
code can be provided in the form of software. During
use, the code can be executed by the processor 2905. In
some cases, the code can be retrieved from the storage
unit 2915 and stored on the memory 2910 for ready
access by the processor 2905. In some situations, the
electronic storage unit 2915 can be precluded, and ma-
chine-executable instructions are stored on memory
2910.
[0140] The code can be pre-compiled and configured
for use with a machine having a processer adapted to
execute thecode, or canbecompiledduring runtime.The
code can be supplied in a programming language that
can be selected to enable the code to execute in a pre-
compiled or as-compiled fashion.
[0141] Aspects of the systems and methods provided
herein, such as the device control system 1401, can be
embodied in programming. Various aspects of the tech-
nology may be thought of as "products" or "articles of
manufacture" typically in the form of machine (or proces-
sor) executable code and/or associated data that is car-
ried on or embodied in a type of machine readable
medium. Machine-executable code can be stored on
an electronic storage unit, such as memory (e.g., read-
only memory, random-accessmemory, flashmemory) or
a hard disk. "Storage" typemedia can include any or all of
the tangible memory of the computers, processors or the
like, or associated modules thereof, such as various
semiconductor memories, tape drives, disk drives and
the like, which may provide non-transitory storage at any
time for the software programming. All or portions of the
software may at times be communicated through the
Internet or various other telecommunication networks.
Such communications, for example, may enable loading
of the software from one computer or processor into
another, for example, from amanagement server or host
computer into the computer platform of an application
server. Thus, another type of media that may bear the
software elements includes optical, electrical and elec-
tromagnetic waves, such as used across physical inter-
faces between local devices, through wired and optical
landlinenetworks andover variousair-links. Thephysical
elements that carry such waves, such as wired or wire-
less links, optical links or the like, alsomaybe considered
as media bearing the software. As used herein, unless
restricted to non-transitory, tangible "storage" media,
terms such as computer or machine "readable medium"

refer to anymedium that participates in providing instruc-
tions to a processor for execution.
[0142] Hence, a machine readable medium, such as
computer-executable code, may take many forms, in-
cluding but not limited to, a tangible storage medium, a
carrier wave medium or physical transmission medium.
Non-volatile storage media include, for example, optical
or magnetic disks, such as any of the storage devices in
any computer(s) or the like, such as may be used to
implement the databases, etc. shown in the drawings.
Volatile storagemedia include dynamicmemory, such as
main memory of such a computer platform. Tangible
transmission media include coaxial cables; copper wire
and fiber optics, including the wires that comprise a bus
within a device control system. Carrier-wave transmis-
sion media may take the form of electric or electromag-
netic signals, or acoustic or light waves such as those
generated during radio frequency (RF) and infrared (IR)
datacommunications.Common formsof computer-read-
ablemedia therefore include for example: a floppy disk, a
flexible disk, hard disk, magnetic tape, any other mag-
netic medium, a CD-ROM, DVD or DVD-ROM, any other
optical medium, punch cards, paper tape, any other
physical storage medium with patterns of holes, a
RAM, aROM, a PROMand EPROM, a FLASH-EPROM,
any other memory chip or cartridge, a carrier wave
transporting data or instructions, cables or links trans-
porting such a carrier wave, or any other medium from
which a computer may read programming code and/or
data. Many of these forms of computer readable media
may be involved in carrying one or more sequences of
one or more instructions to a processor for execution.
[0143] The device control system can include or be in
communication with an electronic display 2935 that com-
prises a user interface (UI) 2940 for providing, for exam-
ple, the various components (e.g., lab, launch pad, con-
trol center, knowledge center, etc) of the model manage-
ment system. Examples of UI’s include, without limita-
tion, agraphical user interface (GUI) andweb-baseduser
interface.Theelectronicdisplaycanbeadisplayof auser
equipment such as a smartphone.
[0144] Methods and devices of the disclosure can be
implemented by way of one or more algorithms. An
algorithm can be implemented by way of software upon
execution by the central processing unit 2905. The algo-
rithm can, for example, generate instructions to operate
one or more component of a sample transport system.
[0145] It should be understood from the foregoing that,
while particular implementations have been illustrated
and described, variousmodifications can bemade there-
to and are contemplated herein. It is also not intended
that the invention be limited by the specific examples
provided within the specification.While the invention has
been described with reference to the disclosure, the
descriptions and illustrations of the preferable embodi-
ments herein are not meant to be construed in a limiting
sense. Aspects of the preferable embodiments can be
combined in other embodiments. For instance, the oneor
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more radiation energy sources having a first portion that
is positioned not contacting the airflow channel, the ther-
mal coupling coupled to at least one of the one or more
radiation energy sources, the reflector of the one ormore
radiation energy sources having a cut-away shape, the
radiation energy source in which the radiation emitter
beingpositionedandoriented such that a distal endof the
radiation emitter does not point to the opening of the
reflector, the radiation emitter having one or more radia-
tion reflecting elements, and the high-speed motor, can
be arbitrarily combine in other embodiments that are not
particularly described in the disclosure. Furthermore, it
shall be understood that all aspects of the invention are
not limited to the specific depictions, configurations or
relative proportions set forth hereinwhich depend upon a
variety of conditions and variables. Variousmodifications
in formand detail of the embodiments of the inventionwill
be apparent to a person skilled in the art. It is therefore
contemplated that the invention shall also cover any such
modifications, variations and equivalents.
The present invention can be described alternatively by
the following numbered aspects:

1. An apparatus for drying an object, the apparatus
comprising:

a housing configured to provide an airflow chan-
nel having an airflow inlet and an airflow outlet;
an airflow generating element contained in the
housing and configured to effect an airflow
through the airflow channel;
one or more radiation energy sources config-
ured to generate infrared radiation anddirect the
infrared radiation toward an exterior of the hous-
ing, wherein at least one of the one or more
radiation energy sources comprises a first por-
tion that is positioned not contacting the airflow
channel; and
a power element configured to provide power at
least to the radiation energy source and the
airflow generating element.

2. The apparatus of aspect 1, wherein the at least
one of the one or more radiation energy sources
further comprises a second portion that is positioned
to contact the airflow channel.
3. Theapparatusof aspect 2,wherein thefirst portion
has a larger surface area than the second portion.
4. The apparatus of aspect 2, wherein the second
portion partially protrudes into the airflow channel.
5. The apparatus of aspect 2, wherein a surface of
the second portion follows a contour of the airflow
channel.
6. The apparatus of aspect 2, wherein the second
portion contacts the airflow channel via a thermal
coupling.
7. The apparatus of aspect 1, wherein no additional
heat source other than the one or more radiation

energy sources is provided to the apparatus.
8. The apparatus of aspect 1, wherein at least one of
the one or more radiation energy sources is con-
tained in the housing.
9. The apparatus of aspect 1, wherein at least one of
the one or more radiation energy sources does not
comprise a portion that is positioned to contact the
airflow channel.
10. The apparatus of aspect 1, wherein the appara-
tus further comprises a controller in connection with
the power element.
11. The apparatus of aspect 10, wherein the con-
troller is coupled to the one or more radiation energy
sources.
12. The apparatus of aspect 1, wherein at least one
of the one or more radiation energy sources is posi-
tioned between the airflow channel and the housing.
13. The apparatus of aspect 12, wherein the one or
more radiation energy sources are positioned along
a peripheral of the airflow channel.
14. The apparatus of aspect 13, wherein the one or
more radiation energy sources are positioned along
a peripheral of the airflow outlet.
15. The apparatus of aspect 12, wherein the one or
more radiation energy sources are positioned in
juxtaposition to the airflow channel.
16. The apparatus of aspect 15, wherein the one or
more radiation energy sources are positioned in
juxtaposition to the airflow outlet.
17. The apparatus of aspect 12, wherein the one or
more radiation energy sources are arranged along a
ring.
18. The apparatus of aspect 12, wherein the one or
more radiation energy sources are arranged in an
array.
19. The apparatus of aspect 12, wherein at least a
portionof theoneormore radiationenergysources is
formed integral with at least a portion of the airflow
channel.
20. The apparatus of aspect 12, wherein a controller
in connection with the power element is positioned
along a peripheral of the airflow channel.
21. The apparatus of aspect 20, wherein a contour of
an inner surface of the controller follows a contour of
the airflow channel.
22. The apparatus of aspect 1, wherein at least one
of the one or more radiation energy sources is posi-
tioned within the airflow channel.
23. The apparatus of aspect 22, wherein at least one
of the one or more radiation energy sources is at
least partially contained in a chamber, the chamber
having at least one opening.
24. The apparatus of aspect 23, wherein a controller
in connectionwith the power element is positioned in
the airflow channel, a contour of an outer surface of
thecontroller followsacontour of theairflowchannel.
25. The apparatus of aspect 23, wherein the cham-
ber is coupled to at least one of the housing or the
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airflow channel by an airflow guiding member.
26. The apparatus of aspect 25, wherein the airflow
guiding member is configured to guide the airflow in
the airflow channel.
27. The apparatus of aspect 23, wherein the airflow
flows through a passage between the airflow chan-
nel and the chamber.
28. The apparatus of aspect 23, wherein the cham-
ber is configured to isolate the radiationgeneratedby
the at least one of one or more radiation energy
sources.
29. The apparatus of aspect 23, wherein at least a
portion of the chamber is streamlined.
30. The apparatus of aspect 23, wherein the cham-
ber further receives a portion of at least one of a
controller, the power element or a sensor.
31. The apparatus of aspect 23, wherein the cham-
ber further comprises a thermal coupling member
configured to dissipate heat generated by the radia-
tion energy source that is at least partially contained
therein.
32. The apparatus of aspect 22, wherein the at least
one of the one or more radiation energy sources is
positioned substantially at a geometrical center of
the airflow channel.
33. The apparatus of aspect 32, wherein the at least
one of the one or more radiation energy sources is
positioned substantially at a geometrical center of
the airflow outlet.
34. The apparatus of aspect 22, wherein the one or
more radiation energy sources are arranged along a
ring.
35. The apparatus of aspect 22, wherein the one or
more radiation energy sources are arranged in an
array.
36. The apparatus of aspect 35, wherein at least a
portion of the airflow outlet is within an area of the
array.
37. The apparatus of aspect 35, wherein at least a
portion of the airflow outlet is outside an area of the
array.
38. A method for drying an object, the method com-
prising:

providing an airflow channel, via a housing, the
airflow channel having an airflow inlet and an
airflow outlet;
effecting an airflow, via an airflow generating
element contained in the housing, through the
airflow channel;
generating an infrared radiation, via one ormore
radiation energy sources, and directing the in-
frared radiation toward an exterior of the hous-
ing, wherein at least one of the one or more
radiation energy sources comprises a first por-
tion that is positioned not contacting the airflow
channel; and
providing power, via a power element to at least

the radiation energy source and the airflow gen-
erating element.

39. An apparatus for drying an object, the apparatus
comprising:

a housing configured to provide an airflow chan-
nel having an airflow inlet and an airflow outlet;
an airflow generating element contained in the
housing and configured to effect an airflow
through the airflow channel;
one ormore radiation energy sources contained
in the housing and configured to generate an
infrared radiation and direct the infrared radia-
tion toward an exterior of the housing;
a thermal coupling coupled to at least one of the
one or more radiation energy sources and con-
figured to dissipate heat from the at least one of
the one or more radiation energy source; and
a power element configured to provide power at
least to the radiation energy sources and the
airflow generating element.

40. The apparatus of aspect 39, wherein the at least
one of the one or more radiation energy sources
does not comprise a portion that is positioned to
contact the airflow channel.
41. The apparatus of aspect 39, wherein the at least
one of the one or more radiation energy sources is
positioned between the airflow channel and the
housing.
42. The apparatus of aspect 39, wherein the at least
one of the one or more radiation energy sources is
positioned within the airflow channel.
43. The apparatus of aspect 39, wherein the at least
one of the one or more radiation energy sources has
a first portion that is positioned not contacting the
airflow channel.
44. The apparatus of aspect 43, wherein the thermal
coupling is coupled to the first portion.
45. The apparatus of aspect 43, wherein the at least
one of the one or more radiation energy sources has
a second portion that contacts the airflow channel.
46. The apparatus of aspect 39, wherein the thermal
coupling comprises a material with a thermal con-
ductivity of at least 50 watts per meter-kelvin (W/(m-
K)).
47. The apparatus of aspect 39, wherein thermal
coupling is coupled to the airflow generating ele-
ment, the housing or the airflow channel.
48. The apparatus of aspect 47, wherein the thermal
coupling is in integral with the airflow generating
element, the housing or the airflow channel.
49. The apparatus of aspect 47, wherein the thermal
coupling ismadeof thesamematerialwith theairflow
generating element, the housing or the airflow chan-
nel.
50. The apparatus of aspect 47, wherein the thermal
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coupling has the same thermal expansion property
with the airflow generating element, the housing or
the airflow channel.
51. The apparatus of aspect 39, wherein the thermal
coupling comprises a second portion of the at least
one of the one ormore radiation energy sources that
is positioned to contact the airflow channel.
52. The apparatus of aspect 51, wherein the second
portion at least partially protrudes into the airflow
channel.
53. The apparatus of aspect 52, wherein the protrud-
ing part of the second portion is in proximity to the
airflow outlet.
54. The apparatus of aspect 52, wherein the protrud-
ing part of the second portion comprises an airflow
guide that is configured to regulate a property of the
airflow.
55. The apparatus of aspect 51, wherein an area of
the second portion is determined by a heat dissipa-
tion efficiency and an operating temperature of the at
least one of the one or more radiation energy
sources.
56. The apparatus of aspect 51, wherein a part of the
secondportion formsor is integralwithapart of awall
of the airflow channel.
57. The apparatus of aspect 39, wherein the thermal
coupling comprises a cooling member that is con-
nected with the airflow channel or the housing.
58. The apparatus of aspect 57, wherein the cooling
member contacts an outer surface of the airflow
channel.
59. The apparatus of aspect 57, wherein the cooling
member contacts an inner surface of the airflow
channel.
60. The apparatus of aspect 57, wherein the cooling
member at least partially protrudes into the airflow
channel.
61. The apparatus of aspect 60, wherein the protrud-
ing part of the cooling member comprise an airflow
guide.
62. The apparatus of aspect 60, wherein the protrud-
ing part of the cooling member is positioned at a
downstream of the airflow with respect to the airflow
generating element.
63. The apparatus of aspect 39, wherein the thermal
coupling comprises a coolingmember that is at least
a portion of the airflow channel or the housing.
64. The apparatus of aspect 39, wherein the thermal
coupling comprises a first through-hole that is in
communication with an interior of the at least one
of the one or more radiation energy sources, the first
through-hole being configured to introduce air into
the interior of the least one of the one or more
radiation energy sources.
65. The apparatus of aspect 64, wherein the first
through-hole is positioned at a first portion of the at
least one of the one or more radiation energy
sources, which first portion does not contact the

airflow channel.
66. The apparatus of aspect 64, wherein the first
through-hole is positioned at a second portion of the
at least one of the one or more radiation energy
sources, which second portion contacts the airflow
channel.
67. The apparatus of aspect 64, wherein the thermal
coupling further comprises a second through-hole
which is configured to exit air from the interior of the
least one of the one or more radiation energy
sources.
68. The apparatus of aspect 67, wherein the second
through-hole is positioned at an exit of the infrared
radiation.
69. The apparatus of aspect 67, wherein the second
through-hole is positioned at a portion of the at least
one of the one or more radiation energy sources.
70. The apparatus of aspect 69, wherein the portion
of the at least oneof theoneormore radiation energy
sources is at a first portion of the at least one of the
one or more radiation energy sources, which first
portion does not contact the airflow channel.
71. The apparatus of aspect 69, wherein the portion
of the at least oneof theoneormore radiation energy
sources is at a second portion of the at least one of
the one or more radiation energy sources, which
second portion contacts the airflow channel.
72. The apparatus of aspect 64, wherein the thermal
coupling further comprises an air duct that is in
communication with the first through-hole, the air
duct being further in communication with either the
airflow in the airflow channel or an exterior of the
housing.
73. The apparatus of aspect 72, wherein the air duct
is made of a thermal conductive material.
74. The apparatus of aspect 39, wherein the thermal
coupling comprises a third through-hole that is in
communication with the airflow in the airflow chan-
nel, the third through-hole being configured to direct
air from the airflow channel to an exterior surface of
the at least one of the one or more radiation energy
sources.
75. The apparatus of aspect 74, wherein the thermal
coupling comprises a fourth through-hole which is
configured to exit the air to an exterior of the appa-
ratus or direct the air into the airflow channel.
76. The apparatus of aspect 75, wherein the fourth
through-hole is positioned at the housing.
77. The apparatus of aspect 75, wherein the fourth
through-hole is positioned at the airflow channel.
78. The apparatus of aspect 75, wherein the fourth
through-hole is positioned at an optical element
which at least covers an opening of the at least
one of the one or more radiation energy sources.
79. A method for drying an object, the method com-
prising:

providing an airflow channel, via a housing, the
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airflow channel having an airflow inlet and an
airflow outlet;
effecting airflow, via an airflow generating ele-
ment contained in the housing, through the air-
flow channel;
generating infrared radiation, via one or more
radiation energy sources contained in the hous-
ing, and directing the infrared radiation toward
an exterior of the housing;
dissipating heat, via a thermal coupling coupled
to at least one of the one or more radiation
energy sources, of the at least one of the one
or more radiation energy source; and
providing power, via a power element to at least
the radiation energy source and the airflow gen-
erating element.

80. An apparatus for drying an object, the apparatus
comprising:

a housing;
one or more radiation energy sources config-
ured to generate infrared radiation anddirect the
infrared radiation toward an exterior of the hous-
ing, wherein each of the one or more radiation
energy sources comprises a reflector, the re-
flector having an opening toward the exterior of
the housing; and
a power element configured to provide power at
least to the radiation energy source,
wherein at least one of the reflectors of the one
or more radiation energy sources has a cut-
away shape.

81. The apparatus of aspect 80, wherein at least one
of the cut-away shaped reflector comprises at least a
first part that is coupled to the airflow channel.
82. The apparatus of aspect 81, wherein the first part
follows the contour of the airflow channel.
83. The apparatus of aspect 81, wherein the first part
contacts the airflow within the airflow channel.
84. The apparatus of aspect 81, wherein the first part
is coupled to, being integralwithor format least apart
of the airflow channel.
85. The apparatus of aspect 81, wherein the first part
is configured to dissipate heat of the one or more
radiation energy source to the airflow channel.
86. The apparatus of aspect 81, wherein a shape of
the first part has a curvature.
87. The apparatus of aspect 86, wherein the curva-
ture is concave relative to a geometric center of the
apparatus.
88. The apparatus of aspect 81, wherein the at least
one of the cut-away shaped reflector further com-
prises a second part that is located at a side of the
reflector opposing the first part.
89. The apparatus of aspect 88, wherein the second
part does not contact the airflow channel.

90. The apparatus of aspect 88, wherein the second
part has a different curvature from that of the first
part.
91. The apparatus of aspect 88, wherein the second
part comprises a portion that is coupled to the hous-
ing.
92. The apparatus of aspect 88, wherein the at least
one of the cutaway shaped reflector further com-
prises a third part connecting the first and the second
part.
93. The apparatus of aspect 92, wherein the third
part of the cut-away shaped reflector is coupled to
the third part of an adjacent cut-away shaped reflec-
tor.
94. The apparatus of aspect 80, wherein a profile of
an axial cross-section and/or an radial cross-section
of the reflector is a polynomial.
95. The apparatus of aspect 94, wherein the poly-
nomial is a polynomial having multiple segments.
96. A radiation energy source, comprising:

a radiation emitter, the radiation emitter being
configured togeneratean infrared radiation; and
a reflector, the reflector having at least one
vertex and an opening toward an exterior of
the radiation energy source, the reflector being
configured to direct the infrared radiation toward
the exterior of the radiation energy source,
wherein the radiation emitter is positioned and
oriented such that a distal end of the radiation
emitter does not point to the opening.

97. The radiation energy source of aspect 96,where-
in the radiation emitter is a radiation bulb.
98. The radiation energy source of aspect 96,where-
in the radiation emitter is oriented substantially per-
pendicular relative to the opening.
99. The radiation energy source of aspect 96,where-
in the radiation emitter is supported at or near a side
portion of the reflector.
100. The radiation energy source of aspect 99,
wherein the radiation emitter comprises a radiation
generating element configured to generate a radia-
tion when powered, the radiation emitter being sup-
ported such that the radiation generating element
being in proximity to or at a focal point of the reflector.
101. The radiation energy source of aspect 99,
wherein the side portion is in contact with the airflow
channel.
102. The radiation energy source of aspect 101,
wherein the sideportiondissipatesheat to theairflow
in the airflow channel.
103. The radiation energy source of aspect 96,
wherein the radiation emitter is oriented in a sub-
stantially opposite direction relative to the opening.
104. The radiation energy source of aspect 103,
wherein the radiation emitter is supported by a sup-
port extending into the opening.
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105. The radiation energy source of aspect 103,
wherein the radiation emitter comprises a radiation
generating element configured to generate a radia-
tion when powered, the radiation emitter being or-
iented such that the radiation generating element
being in proximity to or at a focal point of the reflector.
106. The radiation energy source of aspect 103,
wherein the support has a groove to accommodate
a coupling between the power element and the ra-
diation emitter.
107. The radiation energy source of aspect 96,
wherein the reflector has at least one through hole
to accommodate a coupling between the power ele-
ment and the emitter.
108. The radiation energy source of aspect 107,
wherein the at least one through hole is sealed by
a sealing member capable of insulating at least one
of electricity, radiation or water.
109. An apparatus for drying an object, the appara-
tus comprising:

a housing;
one or more radiation energy source of aspect
96; and
a power element configured to provide power at
least to the radiation energy source.

110. A radiation emitter comprising:

a radiation generating element configured to
generate a radiation when powered;
a radiation reflecting element positioned be-
neath the radiation generating element and con-
figured to reflect at least a portionof the radiation
toward an exterior of the radiation emitter; and
a sealing member configured to seal the radia-
tion generating element and the radiation re-
flecting element.

111. The radiation emitter of aspect 110, wherein the
radiation reflecting element has a reflecting surface
facing the radiation generating element.
112. The radiation emitter of aspect 111, wherein the
reflecting surface is substantially parabolic having a
focal point, the radiation generating element being
positioned in proximity to or at the focal point.
113. The radiation emitter of aspect 111, wherein the
reflecting surface has a coating that reflects an infra-
red radiation.
114. The radiation emitter of aspect 110, wherein the
radiation reflecting element is made from a heat-
resistant metal.
115. The radiation emitter of aspect 114, wherein the
heat-resistant metal comprises molybdenum, tanta-
lum, niobium, copper or steel.
116. The radiation emitter of aspect 110, wherein the
radiation emitter further comprises a second reflect-
ing element located at an opposite side of the first

reflecting element.
117. The radiation emitter of aspect 116, wherein the
second reflecting element has a reflecting surface
facing the radiation generating element.
118. The radiation emitter of aspect 117, wherein the
reflecting surface is substantially parabolic having a
focal point, the radiation generating element being
positioned in proximity to or at the focal point.
119. The radiation emitter of aspect 116, wherein the
second reflecting element has a hole in its geometric
center.
120. The radiation emitter of aspect 118, wherein
radiation from the radiation generating element and
radiation reflected by the first reflecting element,
whichhavinganangleofdivergenceequal or smaller
than a predetermined angle of divergence, directly
passes the hole.
121. The radiation emitter of aspect 120, wherein
radiation from the radiation generating element and
radiation reflected by the first reflecting element,
which having an angle of divergence larger than a
predetermined angle of divergence, is reflected to-
ward the first reflecting element by the second re-
flecting element.
122. The radiation emitter of aspect 110, wherein the
radiation reflecting element is supported by a sup-
porting member.
123. The radiation emitter of aspect 122, wherein the
supporting member is insulated.
124. The radiation emitter of aspect 122, wherein the
supporting member is made of a non-conductive
material.
125. The radiation emitter of aspect 122, wherein the
supportingmember supports and transmits power to
the radiation generating element.
126. An apparatus for drying an object, the appara-
tus comprising:

a housing;
one or more radiation energy sources config-
ured to generate infrared radiation anddirect the
infrared radiation toward an exterior of the hous-
ing, wherein each of the one or more radiation
energy sources comprises a radiation emitter of
aspect 110 and a reflector, the reflector having
an opening toward the exterior of the housing;
and
a power element configured to provide power at
least to the radiation energy source.

127. An apparatus for drying an object, the appara-
tus comprising:

a housing configured to provide an airflow chan-
nel having an airflow inlet and an airflow outlet;
an airflow generating element contained in the
housing and configured to effect an airflow
through the airflow channel, the airflow generat-
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ing element comprising at least a low noise
motor;
one ormore radiation energy sources contained
in the housing and configured to generate infra-
red radiation and direct the infrared radiation
toward an exterior of the housing; and
a power element configured to provide power at
least to the radiation energy source and the
airflow generating element.

128. The apparatus of aspect 127, wherein the air-
flow generating element comprises a fan driven by
themotor,whenactuated, a rotationof the faneffects
the airflow through the airflow channel.
129. The apparatus of aspect 128, wherein the fan
comprises a plurality of blades.
130. Theapparatus of aspect 129,wherein a rotating
speed of the motor exceeds at least 50,000 revolu-
tions per minute (rpm).
131. The apparatus of aspect 129, wherein a blade-
passing frequency,which is correlated toaproduct of
a rotating speed of the motor and the number of
blades, is substantially within a frequency range of
ultrasonic.
132. The apparatus of aspect 129, wherein the
number of the blades is a prime number other than 2.
133. The apparatus of aspect 132, wherein the
number of the blades exceeds 5.
134.Theapparatus of aspect 127,wherein themotor
is coupled in the housing by a mounting element.
135.Theapparatus of aspect 134,wherein themotor
is received in a chamber of the mounting element.
136. The apparatus of aspect 134, wherein the
mounting element is formed of an elastomeric ma-
terial.
137.Theapparatus of aspect 127,wherein themotor
is positioned at a downstream of the airflow with
respect to at least a portion of the power element.
138. The apparatus of aspect 127, wherein at least a
portion of the radiation energy source is located at a
downstream of the airflow with respect to the airflow
generating element.
139. The apparatus of aspect 127, wherein at least
one of the one or more radiation energy sources
comprises a first portion that is positioned not con-
tacting the airflow channel.
140. The apparatus of aspect 127, wherein the at
least oneof theoneormore radiationenergysources
further comprises a second portion that is positioned
to contact the airflow channel.
141. The apparatus of aspect 140, wherein the sec-
ond portion partially protrudes into the airflow chan-
nel.
142. The apparatus of aspect 140,wherein a surface
of the second portion follows a contour of the airflow
channel.
143. The apparatus of aspect 140, wherein the sec-
ond portion contacts the airflow channel via a ther-

mal coupling.
144. The apparatus of aspect 127, wherein at least
one of the one or more radiation energy sources
does not comprise a portion that is positioned to
contact the airflow channel.
145. The apparatus of aspect 127, wherein at least
one of the one or more radiation energy sources is
positioned between the airflow channel and the
housing.
146. The apparatus of aspect 145, wherein the one
or more radiation energy sources are positioned
along a peripheral of the airflow channel.
147. The apparatus of aspect 127, wherein at least
one of the one or more radiation energy sources is
positioned within the airflow channel.
148. The apparatus of aspect 147, wherein at least
one of the one ormore radiation energy sources is at
least partially contained in a chamber.
149. A method for drying an object, the method
comprising:

providing an airflow channel, via a housing, the
airflow channel having an airflow inlet and an
airflow outlet;
effecting airflow, via an airflow generating ele-
ment contained in the housing, through the air-
flow channel, the airflow generating element
comprising at least a low noise motor;
generating infrared radiation, via a radiation en-
ergy source contained in the housing, and di-
recting the infrared radiation toward an exterior
of the housing; and
providing power, via a power element to at least
the radiation energy source and the airflow gen-
erating element.

150. The apparatus of aspect 1, 39, 80, 109, 126 or
127, wherein the housing comprises a body and a
handle.
151. The apparatus of aspect 150, wherein the han-
dle is detachable from the body.
152. The apparatus of aspect 150, wherein at least a
portion of the airflow inlet is provided at the body or
the handle.
153. The apparatus of aspect 1, 39, 80, 109, 126 or
127, wherein an air filter is provided at the airflow
inlet.
154. The apparatus of aspect 1, 39, 80, 109, 126 or
127, wherein the airflow generating element com-
prises a fan driven by the motor, when actuated, a
rotation of the fan effects the airflow through the
airflow channel.
155. The apparatus of aspect 1, 39, 80, 109, 126 or
127, wherein the radiation energy source comprises
a plurality of infrared lamps with each lamp having at
least one radiation emitter.
156. The apparatus of aspect 155, wherein the infra-
red lamp further comprises a reflector having an
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opening toward the exterior of the housing.
157. The apparatus of aspect 156, wherein the re-
flector is configured to regulate the radiation toward
the opening.
158. The apparatus of aspect 156, wherein an axial
cross section of a reflecting surface of the reflector is
substantially parabolic having at least one focal point
and at least one vertex.
159. The apparatus of aspect 156, wherein an axial
and/or radial cross section of a reflecting surface of
the reflector is substantially polynomial.
160. The apparatus of aspect 156, wherein a reflect-
ing surface of the reflector is coated with a material
having a high reflectivity to a wavelength generated
by the radiation emitter.
161. The apparatus of aspect 156, wherein the infra-
red lamp further comprises an optical element abuts
against the opening of the reflector.
162. The apparatus of aspect 161, wherein the op-
tical element is an optical lens with similar thermal
expansion property with the reflector.
163. The apparatus of aspect 161, wherein the op-
tical element filtersouta radiationhavingwavelength
in visible light spectrum and/or ultraviolet spectrum
from the radiation emitted from the radiation emitter.
164. The apparatus of aspect 161, wherein the op-
tical element seals the opening of the reflector.
165. The apparatus of aspect 155, wherein the ra-
diation emitter is configured to emit infrared radia-
tion.
166. The apparatus of aspect 155, wherein a direc-
tion of the radiation emitted from respective one of
the plurality of infrared lamps are parallel with each
other.
167. The apparatus of aspect 155, wherein a direc-
tion of the radiation emitted from respective one of
the plurality of infrared lamps intersects with each
other
168. The apparatus of aspect 155, wherein the ra-
diation emitted from respective one of the plurality of
infrared lamps overlaps at a predetermined distance
in front of the airflow outlet
169. The apparatus of aspect 168, wherein the over-
lapped radiation form a substantially circular spot
having a predetermined diameter
170. The apparatus of aspect 1, 39, 80, 109, 126 or
127, wherein the power element comprises one or
more batteries which are received within the hous-
ing.
171. The apparatus of aspect 1, 39, 80, 109, 126 or
127, further comprising at least one sensor provided
at the housing.
172. The apparatus of aspect 171, wherein the at
least one sensor is configured to measure a para-
meter of at least one of the apparatus, an environ-
ment where the apparatus operates, and a target of
the radiation or the airflow.
173. The apparatus of aspect 171, wherein the at

least one sensor is configured to sense at least one
of a temperature, a humidity, a proximity, an attitude,
a movement, a flow of the airflow, or a flux of the
radiation.
174. The apparatus of aspect 1, 39, 80, 109, 126 or
127,wherein theapparatus is used todry at least one
of a hair, body or hand of a subject.

Claims

1. An apparatus for drying an object, the apparatus
comprising:

a housing configured to provide an airflow chan-
nel having an airflow inlet and an airflow outlet;
an airflow generating element contained in the
housing and configured to effect an airflow
through the airflow channel;
one or more radiation energy sources config-
ured to generate infrared radiation anddirect the
infrared radiation toward an exterior of the hous-
ing, wherein each of the one or more radiation
energy sources comprises a reflector, the re-
flector having an opening toward the exterior of
the housing; and
a power element configured to provide power at
least to the radiation energy source and the
airflow generating element,
wherein at least one of the reflectors of the one
or more radiation energy sources has a cut-
away shape.

2. The apparatus of claim 1, wherein at least one of the
cut-away shaped reflector comprises at least a first
part that is coupled to the airflow channel.

3. The apparatus of claim 2, wherein the first part
follows the contour of the airflow channel.

4. The apparatus of claim 2, wherein the first part con-
tacts the airflow within the airflow channel.

5. The apparatus of claim 2, wherein the first part is
coupled to, being integral with or form at least a part
of the airflow channel.

6. The apparatus of claim 2, wherein the first part is
configured to dissipate heat of the one or more
radiation energy source to the airflow channel.

7. The apparatus of claim 2, wherein a shape of the first
part has a curvature.

8. The apparatus of claim 7, wherein the curvature is
concave relative to a geometric center of the appa-
ratus.
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9. The apparatus of claim 2, wherein the at least one of
the cut-away shaped reflector further comprises a
second part that is located at a side of the reflector
opposing the first part.

10. The apparatus of claim 9, wherein the second part
does not contact the airflow channel.

11. The apparatus of claim 9, wherein the second part
has a different curvature from that of the first part, or
wherein the second part comprises a portion that is
coupled to the housing.

12. The apparatus of claim 9, wherein the at least one of
the cutaway shaped reflector further comprises a
third part connecting the first and the second part.

13. The apparatus of claim 12, wherein the third part of
the cut-away shaped reflector is coupled to the third
part of an adjacent cut-away shaped reflector.

14. Theapparatus of claim1,wherein aprofile of anaxial
cross-section and/or an radial cross-section of the
reflector is a polynomial.

15. The apparatus of claim 14, wherein the polynomial is
a polynomial having multiple segments.

5

10

15

20

25

30

35

40

45

50

55



36

EP 4 516 160 A2



37

EP 4 516 160 A2



38

EP 4 516 160 A2



39

EP 4 516 160 A2



40

EP 4 516 160 A2



41

EP 4 516 160 A2



42

EP 4 516 160 A2



43

EP 4 516 160 A2



44

EP 4 516 160 A2



45

EP 4 516 160 A2



46

EP 4 516 160 A2



47

EP 4 516 160 A2



48

EP 4 516 160 A2



49

EP 4 516 160 A2



50

EP 4 516 160 A2



51

EP 4 516 160 A2



52

EP 4 516 160 A2



53

EP 4 516 160 A2



54

EP 4 516 160 A2



55

EP 4 516 160 A2



56

EP 4 516 160 A2



57

EP 4 516 160 A2



58

EP 4 516 160 A2



59

EP 4 516 160 A2



60

EP 4 516 160 A2



61

EP 4 516 160 A2



62

EP 4 516 160 A2



63

EP 4 516 160 A2



64

EP 4 516 160 A2



65

EP 4 516 160 A2



66

EP 4 516 160 A2



67

EP 4 516 160 A2



68

EP 4 516 160 A2



69

EP 4 516 160 A2



70

EP 4 516 160 A2



71

EP 4 516 160 A2



72

EP 4 516 160 A2

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• CN 2020089408 W [0001] • CN 2020095146 W [0001]


	bibliography
	abstract
	description
	claims
	drawings
	cited references

