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(54)  Hair dryer

(57) A hair dryer (1) comprises a housing (2) having
a substantially cylindrical air tunnel (3), a fan (6) provided
in the air tunnel (3), a motor (7) for revolving the fan (6),
and a heater (5). The fan (6) is a centrifugal fan having
a revolution shaft (61), a circular disc (62) perpendicular
to the revolution shaft (61), and a plurality of impeller
blades (63) each provided substantially perpendicular to
the circular disc (62) but curved with respect to a radial
line passing the center axis of the revolution shaft (61).

The outer diameter D1 of the fan (6) and the inner diam-
eter D2 of the outlet (9) of airflow of the air tunnel (3) are
selected so that the value D1/D2 in the region equal to
or larger than 1.0 and equal to or smaller than 1.45,
(1.0_D1/D2_1.45). Thereby, the hair dryer (1) can gen-
erate strong airflow with a constant volume without in-
creasing rotation number of the motor (7) and without
enlarging the outer diameter of the fan (6) by reducing
the pressure loss due to the air tunnel.
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Description

[0001] The present invention relates to configurations
of afan and an air tunnel of a hair dryer.

[0002] In hair dryers of high capacity such as hair dry-
ers for professional use, it is desired to generate strong
airflow by narrowing down a sectional area of an outlet
of the airflow. However, when the sectional area of the
outlet of the airflow is made narrower, pressure loss in
the airflow path becomes larger, so that output power of
a fan must be increased. Under such a condition of large
pressure loss, centrifugal fans are generally used as dis-
closed in Japanese Laid-Open Patent Publication No.
2001-204537.

[0003] As mentioned above, when the sectional area
of the outlet of the blow is made narrower, the pressure
loss increases, so that it is necessary to increase revo-
lution number of a motor or to enlarge an outer diameter
of the fan. However, when the revolution number of the
motor is increased, or the outer diameter of the fan is
enlarged, it causes to increase a burden applied to the
motor, and thereby there is a limit to increase the revo-
lution number of the motor or to enlarge the outer diam-
eter of the fan. Then, it is desired to design an air tunnel
having low pressure loss so as to ensure a constant vol-
ume of airflow without increasing the burden to the motor.
[0004] A purpose of the present invention is to provide
a hair dryer which can generate a constant volume of
strong airflow without neither increasing revolution
number of a motor nor enlarging an outer diameter of a
fan by decreasing pressure loss in an air tunnel.

[0005] A hairdryerin accordance with an aspect of the
presentinvention comprises a housing having a substan-
tially cylindrical air tunnel, a fan provided in the air tunnel,
a motor for revolving the fan and a heater. The fan is a
centrifugal fan having a revolution shaft, a circular disc
provided substantially perpendicular to a center axis of
the revolution shaft, and a plurality of impeller blades
each provided substantially perpendicular to the circular
disc but curved with respect to a radial line passing the
center axis of the revolution shaft. When an outer diam-
eter of the fan is designated by a symbol D1 and an inner
diameter of an outlet of airflow of the air tunnel of the
housing is designated by a symbol D2, a value of D1/D2
is in a region equal to or larger than 1.0 and equal to or
smaller than 1.45 (1.0_D1/D2_1.45).

[0006] Furthermore, itis preferable that when an inner
diameter of the air tunnel surrounding the fan is desig-
nated by a symbol D3, a value of D1/D3 is in a range
equal to or larger than 0.1 and equal to or smaller than
0.75 (0.6_D1/D3_0.75).

[0007] When the outer diameter D1 of the fan is en-
larged (or a ratio D1/D2 is increased), a volume of air
sucked by one revolution of the fan is increased, so that
a volume of airflow is increased. However, a narrowing
ratio of an airflow path in the air tunnel of the housing
from a neighborhood of the fan to the outlet of the airflow
becomes larger so that pressure loss in the air tunnel is
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increased. Thus, even though the outer diameter D1 of
the fan is enlarged too much, it is not effective, so that it
is preferable that the value D1/D2 is equal to or smaller
than 1.45. Furthermore, when the outer diameter D1 of
the fan is made smaller than the inner diameter D2 of the
outlet of the airflow (that is, D1/D2<1.0), pressure loss
due to expansion of airflow path in the air tunnel occurs.
Therefore, it is preferable that the value D1/D2 is equal
to or larger than 1.0. As mentioned above, by selecting
the outer diameter D1 of the fan and the inner diameter
D2 of the outlet of the airflow of the air tunnel of the hous-
ing so that the value D1/D2in the region equal to or larger
than 1.0 and equal to or smaller than 1.45, even when
the same fan and motor as those of the conventional hair
dryer are used, the volume of airflow of the hair dryer can
be increased by reducing the pressure loss in the air tun-
nel.

[0008] When a clearance between the outer diameter
D1 of the fan and the inner diameter D3 of the air tunnel
surrounding the fanisincreased, in other words, the value
D1/D3 decreases, it is difficult to generate the airflow in
adirection parallel to the revolution shaft of the fan. When
the value of D1/D3 becomes smaller than 0.6, a value of
the maximum efficiency of the fan suddenly falls. In con-
trast, when the clearance between the outer diameter D1
of the fan and the inner diameter D3 of the air tunnel
surrounding the fan is decreased, in other words, the
value D1/D3 increases, it is difficult to utilize the centrif-
ugal force of the fan, so that the value of the maximum
efficiency of the fan falls. When the value of D1/D3 be-
comes larger than 0.75, the value of the maximum effi-
ciency of the fan suddenly falls. As mentioned above, by
selecting the outer diameter D1 of the fan and the inner
diameter D3 of the air tunnel of the housing surrounding
the fan so that the value D1/D3 in the region equal to or
larger than 0.6 and equal to or smaller than 0.75, even
when the same fan and motor as those of the conven-
tional hair dryer are used, the efficiency of the fan (output
of the fan/ output of the motor) can be maximized.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

FIG. 1 is a sectional side view showing a configura-
tion of a hair dryerin accordance with an embodiment
of the present invention;

FIG. 2 is a front view showing a configuration of a
fan of the above hair dryer;

FIG. 3 is a chart showing a relationship between a
ratio D1/D2 of an outer diameter of the fan against
an inner diameter D2 of an outlet of airflow of an air
tunnel and pressure loss;

FIG. 4 is a chart showing definition of the pressure
loss in the hair dryer; and
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FIG. 5 is a chart showing a relationship between a
ratio D1/D3 of the outside diameter D1 of the fan
against an inner diameter D3 of the air tunnel sur-
rounding the fan and a maximum efficiency of the fan.

DETAILED DESCRIPTION OF THE EMBODIMENT

[0010] A hairdryerin accordance with an embodiment
of the present invention is described with reference to
the figures. FIG. 1 shows a configuration of a hair dryer
1 in accordance with this embodiment. A housing 2 of
the hair dryer 1 has an air tunnel 3 having substantially
cylindrical shape and a grip 4 which is formed substan-
tially perpendicular to the sir tunnel 3. The hair dryer 1
further comprises a heater 5, a fan 6 and a motor 7 for
driving revolution of the fan 6 which are provided in an
inside of the air tunnel 3, grids 10 and 11 which are at-
tached to an inlet 8 and an outlet 9 of airflow of the air
tunnel 3 for preventing foreign matter from getting into
the air tunnel 3, an operation switch 12 provided on the
grip 4, and a nozzle 13 detachably attached to the outlet
9 of airflow. The fan 6 is provided at a portion in the vicinity
of the inlet 8 of airflow.

[0011] FIG. 2 shows a shape of the fan 6 observed
from front. The fan 6 is a centrifugal fan which is generally
used in a case that pressure loss is larger. The fan 6 has
arevolution shaft61, a circular disc 62 provided substan-
tially perpendicular to a center axis of the revolution shaft
61 and a plurality of impeller blades 63 each of which is
substantially perpendicular to the circular disc 62 and
curved in a predetermined direction against a radial line
passing the center axis of the revolution shaft 61. The
circular disc 62 may be gently slanted toward a down-
stream side in an airflow path from the revolution axis 61
to outer periphery thereof, as shown in FIG. 1. When it
is attended to neighboring two impeller blades 63, these
two impeller blades 63 are formed so that a distance be-
tween them becomes gradually wider from inner portion
near to the revolution axis 61 to outer periphery of the
circular disc 62.

[0012] FIG. 3 shows a relationship between a ratio
D1/D2 of an outer diameter of the fan 6 against an inner
diameter D2 of the outlet 9 of airflow of the air tunnel 3
of the housing 2 and pressure loss of the hair dryer. In
FIG. 3, abscissa shows value of the ratio D1/D2 of the
outer diameter of the fan 6 against the inner diameter D2
of the outlet 9 of airflow, and ordinate shows value of the
pressure loss of the hair dryer. The inner diameter D2 of
the outlet 9 of airflow denotes not an inner diameter of a
thing such as heater 5 contained in the housing 2 but an
inner diameter of the housing 2 serving as the outlet 9 of
airflow in a state that the nozzle 13 is not attached thereto.
In addition, the outer diameter D1 of the fan denotes not
the diameter of the circular disc 61 but a diameter at the
most outside portion of the impeller blades 63.

[0013] As can be seen from FIG. 3, when the ratio
D1/D2 takes a value between 1.0 and 1.45, the pressure
loss of the hair dryer takes a minimum value, and when
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the value of the ratio D1/D2 becomes smaller than 1.0
or larger than 1.45, the pressure loss of the hair dryer
shows a tendency to increase. Under an assumption that
the revolution number of the motor 7 is constant, when
the outer diameter D1 of the fan 6 is enlarged (or the ratio
D1/D2 is increased), a volume of air sucked by one rev-
olution ofthe fan 6 is increased, so that a volume of airflow
is increased. However, a narrowing ratio of an airflow
path in the air tunnel 3 of the housing 2 from a neighbor-
hood of the fan 6 to the outlet 9 of airflow becomes too
large so that pressure loss in the air tunnel 3 is increased.
Thus, itis not effective even when the outer diameter D1
of the fan 6 is formed larger too much. In addition, when
the outer diameter D1 of the fan 6 is made smaller than
the inner diameter D2 of the outlet 9 of airflow (that is,
D1/D2<1.0), pressure loss due to expansion of airflow
path in the air tunnel 3 occurs. Thus, by selecting the
outer diameter D1 of the fan 6 and the inner diameter D2
of the outlet 9 of airflow of the air tunnel 3 of the housing
2 so that the value D1/D2 in the region equal to or larger
than 1.0 and equal to or smaller than 1.45, even when
the same fan 6 and motor 7 as those of the conventional
hair dryer are used, the volume of airflow of the hair dryer
1 can be increased by reducing the pressure loss in the
air tunnel 3.

[0014] FIG. 4 shows definition of the pressure loss of
the hair dryer. In FIG. 4, abscissa shows value of a vol-
ume of airflow generated by one revolution of the fan,
and ordinate shows value of pressure of the airflow. A
characteristic curve designated by a symbol PQ shows
a PQ-characteristic of the fan which shows a perform-
ance of the fan. As can be seen from PQ-characteristic
curve, the larger the volume of airflow becomes, the lower
the pressure decreases. On the other hand, a character-
istic curve designated by a symbol PL shows a pressure
loss characteristic curve showing a relation between the
volume of airflow and the pressure loss due to the air
tunnel and the built-in objects contained therein. Gener-
ally, the larger the volume of airflow becomes, the larger
the pressure loss increases. A cross point P of the PQ-
characteristic curve and the pressure loss characteristic
curve corresponds to the pressure loss of the hair dryer
mentioned here. If the pressure loss due to the air tunnel
and the built-in objects is decreased, the inclination of
the pressure loss characteristic curve becomes gentle,
so that the cross point P of the PQ-characteristic curve
and the pressure loss characteristic curve shifts right-
ward in the figure, and thereby, the value of the pressure
at the cross point P falls and the volume of airflow in-
creases.

[0015] Subsequently, FIG. 5 shows a relation between
the ratio D1/D3 of the outer diameter D1 of the fan 6
againstthe inner diameter D3 of the air tunnel 3 surround-
ing the fan 6 and the maximum efficiency of the fan. As
can be seen from FIG. 5, the value of the ratio D1/D3
has a maximum value in the vicinity of the value 0.6, and
the value of the maximum efficiency of the fan suddenly
falls when the value of the ratio D1/D3 becomes smaller
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than 0.6 or larger than 0.75. The cause of this phenom-
enon is considered as follows. When the clearance be-
tween the outer diameter D1 of the fan 6 and the inner
diameter D3 of the air tunnel surrounding the fan 6 be-
comes larger, in other words, the value of the ratio D1/D3
decreases, it is hard to generate airflow in a direction
parallel to the axis of the revolution shaft 61. Alternatively,
when the clearance between the outer diameter D1 of
the fan 6 and the inner diameter D3 of the air tunnel sur-
rounding the fan 6 becomes smaller, in other words, the
value of the ratio D1/D3 increases, centrifugal force of
the fan 6 cannot be utilized sufficiently so that the effi-
ciency of the fan falls. Thus, by selecting the outer diam-
eter D1 of the fan 6 and the inner diameter D3 of the air
tunnel 3 of the housing 2 surrounding the fan 6 so that
the value D1/D3 in the region equal to or larger than 0.6
and equal to or smaller than 0.75, even when the same
fan 6 and motor 7 as those of the conventional hair dryer
are used, the efficiency of the fan (output of the fan/ output
of the motor) can be maximized.

[0016] As mentioned above, when the outer diameter
D1 of the fan 6 and the inner diameter D2 of the outlet 9
of airflow of the air tunnel 3 of the housing 2 are selected
so that the value D1/D2 in the region equal to or larger
than 1.0 and equal to or smaller than 1.45, it is possible
to increase the volume of airflow generated by the hair
dryer 1 due to reduction of the pressure loss in the air
tunnel 3 although the same performance of the fan using
the same fan 6 and motor 7 as those of the conventional
hair dryer. Furthermore, when the outer diameter D1 of
the fan 6 and the inner diameter D3 of the air tunnel 3 of
the housing 2 surrounding the fan 6 are selected so that
the value D1/D3 in the region equal to or larger than 0.6
and equal to or smaller than 0.75, it is possible to maxi-
mize the efficiency of the fan (output of the fan/ output of
the motor) although the same performance of the fan
using the same fan 6 and motor 7 as those of the con-
ventional hair dryer. As a result, the hair dryer which gen-
erates strong airflow with a constant volume can be pro-
vided without increasing the rotation number of the motor
and without enlarging the outer diameter of the fan by
reducing the pressure loss due to the air tunnel.

Claims

1. A hair dryer (1) comprising a housing (2) having a
substantially cylindrical air tunnel (3), a fan (6) pro-
vided in the air tunnel (3), a motor (7) for revolving
the fan (6), and a heater (5), wherein
the fan (6) is a centrifugal fan having a revolution
shaft (61), a circular disc (62) provided substantially
perpendicular to a center axis of the revolution shaft
(61), and a plurality of impeller blades (63) each pro-
vided substantially perpendicular to the circular disc
(62) but curved with respect to a radial line passing
the center axis of the revolution shaft (61); and
when an outer diameter of the fan (6) is designated
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by a symbol D1 and an inner diameter of an outlet
(9) of airflow of the air tunnel (3) of the housing (2)
is designated by a symbol D2, a value of D1/D2 is
in a region equal to or larger than 1.0 and equal to
or smaller than 1.45 (1.0_D1/D2_1.45).

The hair dryer in accordance with claim 1, wherein
when aninner diameter of the air tunnel (3) surround-
ing the fan (6) is designated by a symbol D3, a value
of D1/D3 is in a range equal to or larger than 0.1 and
equal to or smaller than 0.75 (0.6_D1/D3_0.75).

The hairdryerin accordance with claim 1 or 2, where-
in the circular disc (62) of the fan (6) is gently slanted
toward a downstream side in an airflow path from
the revolution axis to outer periphery thereof.

The hair dryer in accordance with one of claims 1 to
3, wherein

neighboring two impeller blades (63) of the fan (6)
are formed so that a distance between them be-
comes gradually wider from inner portion near to the
revolution axis to outer periphery of the circular disc
(62).
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