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proves the efficiency ubout 25-30% and decreases

the noise level ubout 8dB compared with that of

the universal motor. Omori and Uzawa (1997)
developed a vacuum cleaner with brush that is
efficient in removing adhesive particles.

For acoustic noise reduction, Sarbu and Krali
(1996) used sound intensity methods to redesign
a vacuum cleaner and reduced the sound power
level by 5.7dB. Brungart and Lanchle (2001) re-
duced noise level ol a handheld vacuum cleaner
by modilying the casing of vacuum [an. They
found that the noise radiated from a vacuum
cleaner was dominated by aerodynamic sources
with the tone uat the blade passing frequency
(BPF) of the fan.

As far as the authors recognize, there is no
literature investigating the internal flow structure
inside a vacuum cleaner, especially the intake
flow at the intake head. It is desirable to under-
stand the flow structure and to control the intake
flow eftectively for reducing acoustic-noise and
improving the suction efliciency.

The main objective ol this study is to investi-

gate the Mow structure inside the intake head of

a houschold vacuum cleaner in detail. The experi-
mental results obtained by [low visualization and
PIV (Particle Image Velocimetry) measurements
are discussed together with the results ol pressure

and acoustic noise level.

2. Experimental
Apparatus and Methods

2.1 Intake heads of vacuum cleaner
In the present study, an intake head of a com-
mercial household vacuum cleaner was used as a

Connecting chamber

reference model. The top and side views ol the
ariginal intake head are shown in Fig. . In order
to improve the dust- collection ability and reduce
acoustic-noise level of the vacuum cleaner, the
internal geometry of the intake head was modi-
fied. The inclination angle of bottom surface of
twa main side trenches of the original intake head
is ubout 6.8°. At first. a small plate of 0.8 mm
thick was attached on inner hall of bottom sur-
lace of two side trenches as shown in Fig. 2(a),
decreasing the inclination angle to 5°. The incli-
nation angle was reduced in the consideration to
decrease the possibility of flow separation and
energy dissipation at inlet corner of suction hole
and trench surface. Fig. 2(al shows bottom view
and transect of the modified trenches linked to the
central suction hole. Fig. 3(a) shows the vertical
section of right half trench and suction hole. The
coordinate system is defined in Fig. 2(a), 3la)
and 4.

The intake head is connected 1o the hand-
holding suction pipe by a rectangular connection
chamber. Therelore, the flow passing through the
rectangular chamber into a circular suction pipe
will cause [riction loss and a sudden pressure
drop. This results from the increased turbulence
and vortex motion in the separated flow region,
which 1s closely related with the decrease of suc-
tion power and increase of flow-induced noise.
In order to reduce this kind of adverse aspects,
plaster was [lilled inside the rectangular connec-
tion chamber to make a streamlined contour.
Therefore, the sudden contraction at inlet of cir-
cular suction pipe is changed to a smooth con-
traction varying gradually from concave to con-
vex wall. The contraction ratio which is defined

la) Top view

Fig. 1
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(bl Bottom view

Top and bottom view ol the original intake head
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la] =40 ms (b) =88 ms

(¢) r=136ms (d) r=I184 ms

(e) r=232 ms (1) r=280ms

Fig. 6 Evolution of flow field at the original intake

head

moving in vertical direction are suppressed by
the horizontal Mows from both side trenches. In
consequence, the uprising particles form a triangle
shape in the central suction urea as shown in
Fig. 6lc). The side edges of the triangle are
formed by the impaction of particles moving in
both
particles moving downward from the upper side

vertical and horizontal directions. Some
form another triangle in an upside down shape
at the upper corners of the central suction ared.
Subsequently, the converging flow from the hori-
zontal and vertical directions starts to approach
an equilibrium state and side angles of the triun-
eles keep 407 at r=184 ms. The particles located
above the right trench ure entrained into the suc-
tion hole due to rapid horizontal flow [7=231

ms) . Finally, the particle motion reaches a steady
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ction hole

(a) =40 ms (bt =100 ms

(el =160 ms d)] =220 ms

=340 ms

for

le) r=280ms fl
tield
modified in a contraction chamber

Fig. 7 Evolution ol [low mtake head

state at the elapse time ol =280 ms

The temporal evolution of particle entrain-
ment for the intake head modified in the con-
traction chamber is shown in Fig. 7. It 1akes
about 340 ms from the start to the steady state of
particle movement. The elapse time is longer
than the 280 ms for the original intake head. This
implies that the dust-collecting ability of the
modified model is lower than that of the original
one. At the initial stage, the particles moving
downward from the upper side of the suction
hole is dominant and it suppresses the upward
low moving from the lower side of suction hole
(r=40 ms the horizontal

However. moving

flow from two side trenches become stronger

compared with that ol original intake head. They

collide each other at the central region of the
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and Vpay=234.65 m/s, respectively. Afterward. the
MTow from the lower side of the suction hole is
enhanced gradually. and when flow field reaches
a steady state, the upward moving flow becomes
dominant at the central region. At the steady
state, the general [Tow structure is similar to that
of the original intake head. In the region where
the upwiurd and downward flows meet each other.
two large vortices are formed and the velocity
field is also nearly symmetric. However, the maxi-
mum vertical {low velocity 15 Viygax=33.83 m s,
less than that ol the original intake head. On
the other hand, the muximum horizontal flow
velocity is increased to Upggx=14.33 m/s, about
44% ol Vmax, This implies that the dust-collec-
tion ability along the side trenches is improved
at the expense ol suction ability in the vertical
direction.

Figure |1 shows the instantaneous velociny
fields for the intake head modified both the trench
height and the connection chamber. In this case,
the horizontal {Tow along the side trenches is
dominant at the starting stage as shown n Fig.
[1{a), The vertical [Tow from upper and lower
sides of the suction hole is relatively weak. The
horizontal flow motion is much stronger than
the former two cases, the maximum flow speed 1s
Umax=17.09 m/s. This seems to result [rom the
improvement of flow resistance due to reduction
ol flow separation and turbulence by decreasing
the slope of the side trenches. Direct impinge-
ment of the flows from two side trenches leads
lo several small-scale vortices and causes asym-
metric Tow structure in the entrance region ol the
suction hole.

As the (low becomes a steady state, the [low
moving upward is enhanced significantly. the
maximum vertical flow speed is about Vapue=
31.35m/s, and the maximum magnitude of hori-
zontal velocity component maintains the same
level as the horizontal velocity ul initial stuge.
Compared with the original intake head. the up-
ward moving (low region is wider, The down-
ward flow [rom the upper side is relatively weuk.
The ratio of Upux 10 Vimax is increased up to 35%:
the dust-collection ability from side trenches is

further improved. The vortex structure formed
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Fig. 11 Instantaneous velociry field for intake head

modified in both connection chamber and
trench height

at the suction hole 1s not so ¢lear compared with

the other two cases

3.3 Aerodynamic power, suction efficiency
and noise level
To evaluate the performance of the vacuum

cleaner with dittferent intake heads. the aerodvna-

mic power of vacuum cleaner was measured. Fig

12 represents the

compdrison ol J!‘.'n'L‘ll"~['l.;['!"s'|.'
powers of different intake head modifications
Euach intake head was fixed over the artificial
lawn to simulate the surface condition of carpet
The aerodynamic power has a parabolic distri-
bution as a function of airflow rate. It increases
up to the maximum at small flow rate and then

decreases on further increase of the airflow rage

The vacuum cleaner without any intake head has
the maximum gerodynamic power ai the flow
rate of Q=123 m" min due o0 minimizauon of

momentum loss in the suction process. 1o this
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Fig. 12 Comparison ol aerodynamic power
case, we assume (hat the suction efficiency is
100%,.

The aerodynamic power and suction elliciency
of the vacuum cleaner with the original intake
head are similar to those of vacuum cleaner with-
out the intake head. When the connection cham-
ber was modified. the aerodynamic power is de-
creased remarkably and the suction efficiency Is
about 90% of that for the vacuum cleaner with-
out intake head. The decreasing of suction effi-
ciency can be confirmed by the longer elapse
time of flow field from the start o a steady slale
as mentioned in the flow visuvalization resulls.
For the intake head modilied both the connec-
tion chamber and trench height, the aerodynamic
power lays between the values ol the original
intake head and the intake head modilied only
in the connection chamber, and the suction effi-
ciency is increased to 93%.

Considering the noise level is another impor-
tant parameter to evaluate the quality of a vacu-
um cleaner. Though the modification to the in-
tuke head decreases the aerodynumic power and
suction efficiency, the acoustic noise level 1s also
decreased for both modifications as summarized
in Table I. For the combined modilication on
the contraction chamber and trench height. the
noise level was reduced about 3.338dB compuared
with that of original intake head. However. it is
less than the noise level reduction of intake head
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Table 1 Comparison of suction efficiency and noise

level of intake heads tested

; Noi Noise Level

Intake Head i Suction none vise ,"\c
Modification | Efficiency Level | Reduction
odihication | iciency (dB) (dB)

Original . ;

99%, 72175 0

Intake Head _ s I

‘hambe

Chamber 90% | 67.812 | —4.363
Conlraction

Trench Height+

Chamber 93% 68,837 —3.338

Contraction

modilied with a contraction chamber only, but
it has better suction efficiency and aerodynamic
power. Therefore. the intake head modified both
the connection chamber and trench height can
be considered as a compromising design in view
points of suction efficiency and acoustic charuc-

teristic.
4. Conclusions

Flow fields at the entrance region of intake
heads of & commercial vacuum cleaner were in-
vestigated using flow visualization and PIV tec-
hnigues. The aerodynamic power, suction efli-
ciency and noise level ol the intake heads were
also measured. In order to investigate the dust-
collection ability and acoustic characteristic, the
internal structure of an intake head was modified
by varying the slope of bottom surface of side
trench height and connection chamber, respec-
tively. The flow fields of the original intake head
and modified types were compared in this study.
The original intake head shows a powerful suc-
tion ahility in collecting dusts, and the flow field
gels 1o a steady state in a shorter elapse time.
compared with two other modified intake heads.

When a smooth contraction surface was em-
ployed inside the connection chamber, the ver-
tical flow speed is decreased with the increase of
horizontal flow velocity, The strength of two
vortices sucking into the suction hole is weaker
compared with the original intake head. When
the trench height is modified together with the
contraction chamber, the reduced slope of side








