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FIG. 2 
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FIG. 3 
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DUCTLESS DRYER 

[0001] This application claims the bene?t of the Korean 
Patent Application No. 10-2007-0017172, ?led on Feb. 20, 
2007, Which is hereby incorporated by reference in its entirety 
as if fully set forth herein. 

BACKGROUND 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a ductless dryer, and 
particularly, to a ductless dryer in Which noise is attenuated 
completely by attenuating the noise transferred through an 
exhaust duct exposed into a room. 
[0004] 2. Description of the Related Art 
[0005] In general, a dryer, eg a clothes dryer, is an appa 
ratus performing a drying operation on objects such as Wet 
laundry to be dried by bloWing hot air generated by a heater 
into a drum to absorb moisture from the objects thereWithin. 
Dryers can be categorized as exhausting (e.g. vented) type 
dryers and condensing (e.g. ventless) type dryers depending 
on the method employed for dealing With the humid air gen 
erated as the objects are dried by absorbing moisture there 
from. 
[0006] In the exhausting type dryer, humid air exhausted 
from a drum in Which the objects to be dried are held is 
exhausted i.e., vented outside the dryer. HoWever, an exhaust 
vent or duct is required for exhausting the moisture evapo 
rated from the objects in the drum to the outside of the dryer, 
and especially, in the case of a dryer heated by gas, the exhaust 
duct should be installed being extended a long distance to the 
outside of a room or building, because products of combus 
tion such as carbon monoxide etc. are exhausted together With 
the moisture. 
[0007] MeanWhile, in the condensing type dryer, the mois 
ture in the humid air exhausted from the drum is condensed at 
a heat exchange unit to remove the moisture therefrom, and 
the dried air is recirculated back into the drum. HoWever, a 
condensing type dryer does not facilitate to use gas as a 
heating source because a closed loop may be formed due to 
the recirculating ?oWing of the drying air. 
[0008] In a ductless dryer, these disadvantages of the 
exhausting type and the condensing type dryers may be 
improved upon. That is, the ductless dryer can use gas as its 
heating source, and accordingly it can be maintained inex 
pensively, although it is required to have an exhaust duct 
installed to be extended a long distance to the outside of the 
room. 

[0009] HoWever, in the case of the ductless dryer, because 
the exhaust duct is exposed into the room, accordingly noise 
may emanate into the room through the exhaust duct, and 
thereby, the room in Which such ductless dryer is situated may 
not be quiet. 

SUMMARY 

[0010] Therefore, it is an object of the present invention to 
provide a noise-attenuated ductless dryer. Further, it is 
another object of the present invention to provide ductless 
dryer attenuating the noise Which is propagated through an 
exhaust duct exposed into a room. 
[0011] To achieve these and other advantages and in accor 
dance With the purpose of the present invention, as embodied 
and broadly described herein, there is provided a ductless 
dryer including: a main body; a drum rotatably installed at the 
main body; a heat exchanger for removing moisture included 
in air exhausted from the drum; a circulation duct to conduct 
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the air exhausted from the drum to the heat exchanger; an 
exhaust duct to conduct the air exhausted from the heat 
exchanger outside the dryer; and a noise reduction portion to 
attenuate noise from being propagated through the exhaust 
duct. 
[0012] Herein, preferably, the noise reduction portion may 
be installed betWeen the circulation duct and the heat 
exchanger in consideration of space limitations. Further, pref 
erably, the noise reduction portion is connected With the heat 
exchanger in a straight line in order for the air from the noise 
reduction portion to be directly introduced to the heat 
exchanger. Further, preferably, in the noise reduction portion, 
?rst, second and third pipes are sequentially connected, and a 
cross-sectional area of the second pipe is larger than the 
cross-sectional areas of the other pipes, the ?rst and the third 
pipes. 
[0013] Herein, more preferably, the ?rst and the third pipes 
have the same cross-sectional area as each other. 

[0014] Further, preferably, the noise loss transfer function 
(LT) through the noise reduction portion can be determined 
by the folloWing formula: 

Wherein, I: noise at an inlet of the second pipe T: noise at an 
outlet of the second pipe A1: cross-sectional areas of the ?rst 
and the third pipes A2: cross-sectional area of the second pipe 
1: length of the second pipe c: speed of sound f: frequency 
n:l, 2, 3 . . . f1: target noise frequency (nII). 

[0015] MeanWhile, the noise reduction portion may include 
an inner pipe; and an outer pipe enclosing the inner pipe to 
form a noise space, and the inner pipe may be provided With 
a plurality of noise openings therein in communication With 
the noise space. Herein, preferably, the outer pipe entirely or 
partly encloses the inner pipe. If the outer pipe encloses only 
a part of the innerpipe, the enclosing angle (6)) is 1200 or less, 
preferably. Herein, preferably, the outer pipe includes an 
outer Wall enclosing the inner pipe and being spaced there 
from in a radial direction; and lateral Walls forming the noise 
space by closing front and rear ends of the outer Wall. Further, 
preferably, the target noise frequency to be attenuated 
through the noise reduction portion is determined by the 
folloWing formula. 

_ I p 
fr“ _ 5000 [(1 + 0.8d) 

Wherein, p: percentage of the area of the openings in the area 
of the inner pipe forming an interior surface of the space 
1: separation distance betWeen the inner pipe and the outer 
P1Pe 
t: thickness of the inner pipe 
d: diameter of each opening 
f ' target noise resonant frequency 
res ' 
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[0016] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the following detailed description of the 
present invention When taken in conjunction With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a schematic vieW of a ductless dryerhaving 
a noise reduction portion in accordance With a ?rst embodi 
ment of the present invention; 
[0018] FIG. 2 is a plan vieW shoWing an inside of the 
ductless dryer of FIG. 1; 
[0019] FIG. 3 is a diagram shoWing an arrangement for 
measuring the noise of the ductless dryer in order to design 
the noise reduction portion in FIG. 1; 
[0020] FIG. 4 is a graph shoWing the result of the noise 
measurement by the arrangement in FIG. 3; 
[0021] FIG. 5 is a diagram shoWing an arrangement for 
measuring the noise transferred through an exhaust duct of 
the ductless dryer considered in order to design the noise 
reduction portion in FIG. 1; 
[0022] FIG. 6 is a graph shoWing the result of the noise 
measurement by the arrangement in FIG. 5; 
[0023] FIG. 7 is a diagram shoWing the noise reduction 
portion in FIG. 1; 
[0024] FIG. 8 is a graph comparing the noise generated 
When the noise reduction portion is mounted and is not 
mounted; 
[0025] FIG. 9 is a diagram shoWing a noise reduction por 
tion in accordance With a second embodiment of the present 
invention; 
[0026] FIG. 10 is a cross-sectional vieW taken along line 
X-X in FIG. 9; 
[0027] FIG. 11 is a cross-sectional vieW taken along line 
XI-XI ofFIG. 9; and 
[0028] FIG. 12 is a graph comparing the results of noise 
measurement according to the changes in the number of noise 
reduction portion exhaust openings in the noise reduction 
portion of FIG. 9. 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] Hereinafter, description Will noW be given in detail 
of a ductless dryer having a noise reduction portion in accor 
dance With a ?rst embodiment of the present invention. FIG. 
1 is a schematic vieW of a ductless dryer having a noise 
reduction portion in accordance With the ?rst embodiment of 
the present invention, and FIG. 2 is a plan vieW shoWing the 
inside of the ductless dryer of FIG. 1. The solid line arroWs 
indicate the ?oWing paths of air. 
[0030] Referring to FIGS. 1 and 2, the ductless dryer having 
the noise reduction portion in accordance With the ?rst 
embodiment of the present invention includes a main body 
110, a drum 120 rotatably installed at the mainbody 110, a hot 
air supplying unit 140 providing hot air into the drum 120, a 
heat exchange unit 150 condensing moisture included in the 
air exhausted from the drum 120 through heat exchange With 
cooler exterior air, a circulation duct 114 conducting the air 
exhausted from the drum 120 to the heat exchange unit 150, 
an exhaust duct 181 conducting the air exhausted from the 
heat exchange unit 150 outside the dryer, and a noise reduc 
tion portion 160 for attenuating noise so as to prevent the 
noise from being transferred through the exhaust duct 181. 
Herein, the noise reduction portion 160 may be installed 
betWeen the circulation duct 114 and the heat exchange unit 
150 in consideration of a limitation of space inside the dryer. 
Further, the noise reduction portion 160 may be connected 
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inline With the heat exchange unit 150 in order for the air from 
the noise reduction portion 160 to be directly introduced to 
the heat exchange unit 150 With a minimized resistance. 

[0031] A door 111 may be installed at the front surface of 
the main body 110 so as to permit the loading of clothes into 
the drum 120, and feet 113 are installed at the under side 
thereof for supporting the main body 110. A belt 131 rotating 
the drum 120, a fan 133 installed inside the circulation duct 
114 bloWing the air inside the ductless dryer and a motor 135 
providing driving poWer to the belt 131 and the fan 133 may 
be installed inside the mainbody 110. Herein, the belt 131 and 
the fan 133 may each be provided With driving poWer, respec 
tively, by separate motors 135. MeanWhile, a ?lter (not 
shoWn) may be installed at the circulation duct 114 so as to 
?lter lint debris such as ?uff or Waste thread included in the 
hot and humid air ?oWing from the drum 120. 
[0032] The drum 120 may be a barrel provided With an 
inner space so as for objects to be dried such as clothes to be 
loaded thereinto, in the interior of Which a plurality of lifters 
or baf?es 121 may be installed to lift the clothes for exposing 
them to the ?oW of hot air. 

[0033] The hot air supplying unit 140 may include a valve 
141 supplying and shutting off the supply of gas, a gas burner 
143 mixing the gas admitted from the valve 141 With air 
provided from outside and then igniting the mixture to gen 
erate hot air and a hot air supplying duct 145 communicating 
the gas burner 143 With the drum 120 so as to supply the hot 
air into the drum 120. A ?ame rod (not shoWn) may be 
installed in the hot air supplying unit 140, being installed 
extendingly to the edge of a ?ame region there in order to 
monitor the burner ?ame so as for a burner control unit (not 
shoWn) to indirectly measure the emitted amount of carbon 
monoxide (CO) through a detected value of a current ?oWing 
in the ?ame rod. The burner control unit functions to regulate 
the operation of the valve 41, and thereby to regulate the 
combustion of the gas-air mixture in the burner 143, by sens 
ing the current ?oWing in the ?ame rod, and upon sensing a 
?ame rod current valve signifying interrupted or abnormal 
combustion, the burner control unit operates to cause imme 
diate closure of valve 141 in a knoWn manner. 

[0034] Preferably, a solenoid valve is used for the valve 141 
so as to enable the burner control unit to sensitively adjust the 
supplied amount of gas. 
[0035] The gas burner 143 may be connected With the valve 
141 to heat air With heat generated by burning a mixture of the 
gas supplied from the valve 141 and outside air. And then, the 
hot air is supplied to the drum 120 through the hot air sup 
plying duct 145. 
[0036] The heat exchanger 150 is composed of ?ns 151 and 
tubes 153, and makes the hot and humid air from the drum 120 
dry by condensing the moisture from the air With loW-tem 
perature Water using a method of heat exchange betWeen the 
air and Water. An inlet of the heat exchanger 150 is connected 
With the drum 120 by the circulation duct 114, and an outlet 
thereof is connected With the exhaust duct 181. 
[0037] The ?ns 151 may each be formed of a sheet of a 
metal material having an excellent thermal conductivity, and 
a plurality of such sheets are stacked at ?ne intervals adjacent 
each other in order for hot and humid air to pass therethrough 
While contacting With the sheets. 
[0038] The tubes 153 may be provided With loW-tempera 
ture (220 C.) Water circulating therein, and penetrate the ?ns 
151 in a back-and-forth serpentine manner. Water lines (not 
shoWn) for supplying and returning the loW-temperature 
Water are connected to both ends of the tubes 153. A Water 
receiver (not shoWn) for collecting condensed Water Which is 
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generated in the condensing process and falls from the ?ns 
may be installed at the lower portion of the heat exchanger 
150. 

[0039] FIG. 3 is a diagram schematically shoWing an 
arrangement for measuring the noise of the ductless dryer in 
order to design the noise reduction portion in FIG. 1, FIG. 4 is 
a graph shoWing the result of the noise level measurement in 
FIG. 3, FIG. 5 is a diagram schematically shoWing an arrange 
ment for measuring noise transferred through an exhaust duct 
of the ductless dryer in order to design the noise reduction 
portion in FIG. 1, FIG. 6 is a graph shoWing the result of the 
noise measurement in FIG. 5, FIG. 7 is a diagram shoWing the 
noise reduction portion in FIG. 1, and FIG. 8 is a graph 
comparing the noise levels generated When the noise reduc 
tion portion is mounted and is not mounted. The bold line 
marker indicates the movement of the noise level. 

[0040] Referring to FIG. 3, the noise level of the ductless 
dryer may be measured by setting a microphone at a position 
1 m aWay from the rear surface of the ductless dryer. Refer 
ring to FIG. 4, as a result of the measurement, the noise having 
a component near 250 HZ (circle-enclosed portion) may be 
the greatest. 
[0041] Referring to FIG. 5, the noise emitted through the 
exhaust duct 181 may be measured by setting the microphone 
at a position 0.1 m aWay from the exhaust duct 181. Referring 
to FIG. 6, as a result of the measurement, the noise emitted 
through the exhaust duct 181 may be the greatest at a com 
ponent near 250 HZ (circle-enclosed portion). 
[0042] Referring to FIGS. 4 and 6, the frequency compo 
nent of the noise of ductless dryer and that of the noise 
propagating through the exhaust duct 181 are almost similar; 
thus, by attenuating the noise propagated through the exhaust 
duct 181, the noise of the ductless dryer can be also attenu 
ated. That is, in conclusion, to attenuate the noise of the 
ductless dryer and the noise emitted through the exhaust duct 
181 at the same time, the noise having a 250 HZ component 
propagating through the exhaust duct 181 should be attenu 
ated. 

[0043] Referring to FIG. 7, the noise reduction portion 160 
designed according to the above objective is composed of a 
?rst pipe 161, a second pipe 163 and a third pipe 165, Which 
are sequentially connected, and a cross-sectional area of the 
second pipe 165 (A2) may be larger than those of the ?rst pipe 
161 and the third pipe 165. And, the cross-sectional areas of 
the ?rst pipe 161 (A1) and the third pipe 165 (A3) are the 
same. As the noise reduction portion 160 is designed to have 
different cross-sectional areas of the pipes, the acoustic 
impedance may be different, and thereby sound With a fre 
quency component according to characteristics of its Wave 
length can not pass through smoothly. 
[0044] MeanWhile, the noise loss transfer function (LT) of 
the noise reduction portion (16) is determined by the folloW 
ing formulas. The larger the noise loss transfer function (LT) 
is, the less the noise propagated through the exhaust duct 
(181) is. 

|12| [first formula] 
LT : lologul?] 

1 A1 A2 2 , Wl 
: lOlogl0 l+ — s1n2(?) 
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0 c 2 

[second formula] 

Wherein, I: noise level at the inlet of the second pipe T: noise 
level at the outlet of the second pipe A1: cross-sectional areas 
of the ?rst and the third pipes A2: cross-sectional area of the 
second pipe 1: length of the second pipe c: speed of sound f: 
frequency n:l, 2, 3 . . . f1: target noise frequency (n:l). 

[0045] If the target noise frequency f1 to be attenuated in 
accordance With the formulas above is set to 250 HZ, the 
lengthl of the second pipe 163 is calculated as 334.6 mm by 
the second formula. In addition, considering an installedposi 
tion in the ductless dryer and the siZe of the noise reduction 
portion 160, When the cross-sectional areas A1, A2: are 
adjusted to appropriated siZes to calculate the maximum 
value of the noise loss transfer (LT) by the ?rst formula, the 
diameter of the ?rst pipe 161 and the thirdpipe 165 (d1) is 100 
mm, and the diameter of the second pipe 163 is 140 mm. 

[0046] In other Words, When the target noise frequency fl is 
set to 250 HZ, the lengthl ofthe second pipe 163 is 334.6 mm, 
the diameter of the ?rst pipe 161 and the third pipe 165 (d1) is 
100 mm, and the diameter of the second pipe 163 is 140 mm. 

[0047] Referring to FIG. 8, When the noise reduction por 
tion 160 designed as described above is mounted at the duct 
less dryer, the noise generated near 250 HZ is remarkably 
attenuated by 10 dB or more. 

[0048] In conclusion, by employing the noise reduction 
portion 160, the noise propagating through the exhaust duct 
181 exposed into the room and the noise of the entire ductless 
dryer are attenuated at the same time, and thereby, a quieter 
room environment can be implemented. 

[0049] FIG. 9 is a perspective schematic diagram shoWing 
a noise reduction portion in accordance With a second 
embodiment of the present invention and a noise level test 
setup therefor, FIG. 10 is a diagram shoWing a cross-section 
X-X of the noise reduction portion in FIG. 9, FIG. 11 is a 
diagram shoWing a cross-section XI-XI of the noise reduction 
portion in FIG. 9, and FIG. 12 is a graph comparing results of 
noise level measurements according to varying the number of 
noise reduction portion exhaust openings in the noise reduc 
tion portion in FIG. 9. 
[0050] Referring to FIGS. 9 and 10, the noise reduction 
portion 170 in accordance With the second embodiment of the 
present invention includes an inner pipe 171 and an outer pipe 
173 forming a space S by enclosing a part of or the entire inner 
pipe 171. A plurality of openings 17111 in communication 
With the space S are formed in the surface of the inner pipe 
171. 

[0051] Preferably, the outer pipe 173 encloses the entirety 
or a part of the inner pipe 171 so as to enhance the noise 
attenuation effect. Preferably, When the outer pipe 173 
encloses only a part of the inner-pipe 171 as the second 
embodiment, the enclosing angle (0) is 1200 or less. In order 
to implement the aforementioned, the outer pipe 173 includes 
an outer Wall 173a enclosing the inner pipe 171 While being 
spaced therefrom in a radial direction; and end walls 173!) 
forming the airtight space S by closing the front and the rear 
ends of the outer Wall 173a. 
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[0052] Meanwhile, the target noise frequency to be attenu 
ated through the noise reduction portion 170 as aforemen 
tioned is determined by the following third formula: 

p 
fm — 5000 

Wherein, p: percent of the area of the openings in the surface 
area of the inner pipe forming the interior of the space 1: 
separation distance betWeen the inner pipe and the outer pipe 
t: thickness of the inner pipe d: diameter of the openings fm: 
target noise resonant frequency. 
[0053] By employing the above third formula, When the 
target noise resonant frequency fm to be attenuated is set to 
254 HZ, and considering the installed position in the ductless 
dryer and the siZe of the noise reduction portion 170, When the 
setting ofl is 50 mm, t is 3 mm and d is 7 mm, p is 1.1%. 
[0054] Alternatively, When the target noise resonant fre 
quency fm to be attenuated by implementing the third for 
mula is set to 179 HZ, and considering the installedposition in 
the ductless dryer and the siZe of the noise reduction portion 
170, When the setting ofl is 50 mm, t is 3 mm and d is 7 mm, 
p is 0.55%. 
[0055] Herein, it is required to form the openings 17111 
more densely When the target noise resonant frequency is set 
to 254 HZ, comparing With the case of 179 HZ, in the surface 
of the inner pipe 171. Of course, it is possible to adjust 
variables 1, d, t in consideration of the number of the openings 
17111, in a state that the target noise resonant frequency is set. 
[0056] Referring to FIGS. 9 and 12, When a speaker set at 
the inlet of the noise reduction portion 170 generates a sWept 
sinusoidal signal of 2 HZ~1200 HZ, the sound level With 
respect to the sWept sinusoidal signal Was measured at the 
outlet of the noise reduction portion 170 by using a micro 
phone, and the result Was as folloWs. 
[0057] In case of the noise reduction portion 170 con?g 
ured for the target noise resonant frequency F254 (fm of 254 
Hz), 1 of50mm,tof3 mm, dof7mmandp of1.1%, the sound 
is largely attenuated near 254 HZ. And, in the case of the noise 
reduction portion 170 con?gured for the target noise resonant 
frequency F179 (fm of 179 Hz), 1 of 50 mm, t of3 mm, d of 
7 mm and p of 0.55%, the sound Was largely attenuated near 
179 HZ. In other Words, the openings 171a prevent the target 
noise frequency component from being propagated by 
absorbing (trapping) sound Waves of the set target noise fre 
quency component by functioning as a Helmholtz resonator. 
[0058] In conclusion, by employing the noise reduction 
portion 170, the noise propagation through the exhaust duct 
181 exposed into the room and the noise level of the entire 
ductless dryer are attenuated at the same time, and thereby, 
the quiet room circumstances can be implemented. 
[0059] Hereinafter, the operation of the ductless dryer in 
accordance With the ?rst embodiment Will be described. 
[0060] Referring to FIGS. 1 and 2, gas supplied from the 
valve 141 is mixed With external air in the gas burner 143, and 
then the mixture is ignited to generate hot air. The generated 
hot air is supplied into the drum 120 through the hot air supply 
duct 145. The objects to be dried such as clothes in the drum 
120 are dried by the supplying of the hot air. The hot and 
humid air obtained by drying the objects passes through the 
circulation duct 114 to exhaust the hot and humid air. Lint 
such as ?uff or Waste thread contained in the hot and humid air 

[Third formula] 
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exhausted from the drum 11 passes through the ?lter (not 
shoWn) installed on the circulation duct 114 to be collected 
and removed, and the hot and humid air from Which the lint 
has been removed is forcedly circulated. 
[0061] The hot and humid air of Which the noise is attenu 
ated at the noise reduction portion 160 is condensed by con 
tacting and passing through the ?ns 151 of the heat exchanger 
150 to be dried, and the condensed Water generated in the 
condensing process is collected in the Water receiver (not 
shoWn). The dried air exhausted from the heat exchanger 150 
is discharged into the room after passing through the exhaust 
duct 181. 
[0062] In the ductless dryer employing a noise reduction 
portion in accordance With the present invention as described 
above, by the noise reduction portion, the noise propagation 
through the exhaust duct exposed into the room and the noise 
of the entire ductless dryer are attenuated at the same time, 
and thereby, quiet room circumstances can be achieved. 
[0063] The foregoing embodiments and advantages are 
merely exemplary and are not to be construed as limiting the 
present invention. The present teachings can be readily 
applied to other types of apparatuses. This description is 
intended to be illustrative, and not to limit the scope of the 
claims. Many alternatives, modi?cations, and variations Will 
be apparent to those skilled in the art. The features, structures, 
methods, and other characteristics of the exemplary embodi 
ments described herein may be combined in various Ways to 
obtain additional and/ or alternative exemplary embodiments. 
[0064] As the present features may be embodied in several 
forms Without departing from the characteristics thereof, it 
should also be understood that the above-described embodi 
ments are not limited by any of the details of the foregoing 
description, unless otherWise speci?ed, but rather should be 
construed broadly Within its scope as de?ned in the appended 
claims, and therefore all changes and modi?cations that fall 
Within the metes and bounds of the claims, or equivalents of 
such metes and bounds are therefore intended to be embraced 
by the appended claims. 

1. A ductless dryer, comprising: 
a main body; 
a drum rotatably installed at the main body; 
a heat exchanger for removing moisture included in air 

Which has been exhausted from the drum; 
a circulation duct communicating the air exhausted from 

the drum into the heat exchanger; 
an exhaust duct communicating the air exhausted from the 

heat exchanger outside the dryer; and 
a noise reduction portion attenuating noise propagation 

through the exhaust duct. 
2. The ductless dryer of claim 1, Wherein the noise reduc 

tion portion is installed betWeen the circulation duct and the 
heat exchanger. 

3. The ductless dryer of claim 2, Wherein the noise reduc 
tion portion is connected in line With the heat exchanger. 

4. The ductless dryer of claim 1, Wherein the noise reduc 
tion portion has ?rst, second and third pipes Which are 
sequentially connected, and a cross-sectional area of the sec 
ond pipe is larger than the cross-sectional areas of the ?rst and 
the third pipes. 

5. The ductless dryer of the claim 4, Wherein the ?rst and 
the third pipes have the same cross-sectional area as each 
other. 
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6. The ductless dryer of claim 5, wherein a noise loss 
transfer function (LT) of the noise reduction portion is deter 
mined by the following formula: 

|12| 
LT : lOlogl0 W 

Hie-ewe] : lOlogl0 4 A2 A1 

Wherein, 1: noise level at an inlet of the second pipe T: noise 
level at an outlet of the second pipe A1: cross-sectional 
areas of the ?rst and the third pipes A2: a cross-sectional 
area of the second pipe 1: length of the second pipe c: 
speed of sound f: frequency n:l, 2, 3 . . . f1: target noise 

frequency (n:l). 
7. The ductless dryer of claim 1, Wherein the noise reduc 

tion portion comprises: 
an inner pipe; and 
an outer pipe enclosing at least a part of the inner pipe to 

form a space therebetWeen, 
Wherein the inner pipe is provided With a plurality of open 

ings therein in communication With the space. 
8. The ductless dryer of claim 7, Wherein the outer pipe 

entirely encloses the inner pipe. 
9. The ductless dryer of claim 7, Wherein an enclosing 

angle (0) of the inner pipe by the outer pipe is 1200 or less. 
10. The ductless dryer of claim 7, Wherein the outer pipe 

comprises: 
an outer Wall enclosing the inner pipe and being spaced 

therefrom in a radial direction; and 
end Walls forming the space by closing front and rear ends 

of the outer Wall. 
11. The ductless dryer of claim 7, Wherein a target noise 

resonant frequency to be attenuated through the noise reduc 
tion portion is determined by the folloWing 

p 
fm — 5000 
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formula: 
Wherein, p: percentage of the area of the openings in the 

area of the inner pipe forming the interior of the space 
1: separation distance betWeen the inner pipe and the outer 

Pipe 
t: thickness of the inner pipe 
d: diameter of the noise opening 
fm: target noise resonant frequency. 
12. A ductless dryer having an exhaust duct, comprising a 

noise reduction portion attenuating noise propagation 
through the exhaust duct. 

13. The ductless dryer of claim 12, Wherein the noise 
reduction portion is connected in line With a heat exchanger of 
the dryer. 

14. The ductless dryer of claim 12, Wherein the noise 
reduction portion has ?rst, second and third pipes Which are 
sequentially connected, and a cross-sectional area of the sec 
ond pipe is larger than the cross-sectional areas of the ?rst and 
third pipes. 

15. The ductless dryer of claim 14, Wherein the ?rst and the 
third pipes have the same cross-sectional area With each other. 

16. The ductless dryer of claim 12, Wherein the noise 
reduction portion comprises: 

an inner pipe; and 
an outer pipe enclosing at least a portion of the inner pipe 

to form a space therebetWeen, 
Wherein the inner pipe is provided With a plurality of noise 

openings thereon in communication With the noise 
space. 

17. The ductless dryer of claim 16, Wherein the outer pipe 
entirely encloses the inner pipe. 

18. The ductless dryer of claim 17, Wherein an enclosing 
angle (0) of the outer pipe With respect to the inner pipe is 
1200 or less. 

19. The ductless dryer of claim 16, Wherein the outer pipe 
comprises: 

an outer Wall enclosing the inner pipe and being spaced 
therefrom in a radial direction; and 

end Walls forming the space by closing front and rear ends 
of the outer Wall. 


