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Experimental study on the aerodynamic effects of slots at a rotor tip

Yisu Shin’, Seungcheol Lee” and Jooha Kim"

Abstract In this study, we investigate the effects of slots installed on the tip of a rotor blade on
aerodynamic characteristics. The slots weaken the strength and spatial coherence of the tip vortex at
early vortex age and accelerate the dissipation of the generated tip vortex. Accordingly, the turbulence
intensity of the rotor wake is reduced at both near and far wake, which leads to a reduction in
broadband noise. Tonal noise is also reduced by mitigation of tip vortices, but tonal noise reduction
is limited to a narrower range of azimuths than broadband noise due to the extinction of tip vortices.
In addition, slots reduce both mean thrust and thrust fluctuations. Reduction in thrust fluctuations leads
to a reduction in blade loading noise, resulting in a reduction in tonal noise.
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Fig. 1. The schematic of the slotted model used in
the present study.
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Fig. 2. Schematic diagram of the experimental
setup for PIV.
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Table 1. Variations in the normalized peak vorticity,

Wnax R/ V;,,, of the tip vortex with vortex age
Base model Slotted model
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Fig. 4. (a) Phase-averaged vorticity contours for the base (left) and the slotted (right) model. (b) Enlarged
view of Fig. 4(a) for the tip vortex at ( = 180°. The black curve represents the normalized axial velocity,
Veente/ Vs 0N the horizontal line passing through the tip-vortex center.
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Fig. 5. Time-averaged in-plane (xy-plane) TKE contours for the base (left) and the slotted (right) model.
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Fig. 7014 2 5= Q%el, 3 a9
e Y9 hgate

@ = 0°)°lA Hti7F | 7t F71kel
# & BT po] 71l
2l e dHow 2 B

ol 7]Q1get 4 &

A0 T Ax$r(thickness noise)2}

(loading noise) B ZE Edo]=9

AFo]7] e, =5 Edo] =0

(@7h ZHERF) B 2gol 4

f
x 2

ML
M 24
N

N

B

ob

rir

on

otk

L do o B 8

[¢]
ofN fo [ rfu I of
b

X

k)

N

olN

N

S

rir

1
i
dlo

B 2o
i
<
f

ol
-

)

N
N
po
o,
ut
ko
ot
S
lo,
ol\
S
=
=
it
i

"
o ftl
M)
-
i
2 mi
Y
1S
Ju
N
>.
a2
)
)
ML o ¢
lo w2 qu o o

1

ol i“>‘ |
dlo
o
d
[
rlr
mi
ut)
o
S
lo,
B>
[
o
k1
N
-0,

L
)

H5o] 2dto]

1
N
A
fu
o

Wy P 2 o Ok x
il oo
[

o
)
—r
S
[N
o dlo

i e
5

B

o

o o

> 8
kD
>

(o gy
ot
o N
o
=

F

o e Ho
B~
dlo
o
2
2N
=2
N
rO
(]
po
o
o
w
>
>

Hlo} o] LE-L ER el Al
o= A N shire] A1E ek
o= AW Y HFe gt

g 1o i

)
k)
&
X

TS E o brolr o X P KT ol L fo

A g ad 7]efd Aoz 1At} o]
=Wl B uf o > 60°0] =S 9]zl A
2 oo 2R ) &F 2de] 4
o] 718 By} & abolE HolX| g A
2 ol3|ed 4= ) &Fol 9Tt stF 2
k= ZEOA AT FEo] A A
of olafishz Zlo] Hesh, old dej=
S AolA =28 Aoltt

&30 2g FY 253 BE 459 HAa

i
(o]
2
RO
£
>
il
ko

T,
o
2
20
X
dlo
rlo
~N
re

Rom, Ago] e W zE W oA
7FAas BTt



46 Aol of

o rf o 1o & oox

Table 2. Thrust coefficient (Cr) and standard
deviation (SD) of base model and slotted model at
14,200 rpm

Cr SD
Base model 0.82 0.0173
Slotted model 0.63 0.0147
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