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This paper presents transient flow phenomena in terms of angles of attack by
means of direct force measurement on pitching flat plate wings at a constant pitch
acceleration. The wing motion is different from the most commonly used wing motion
at constant pitch rates but generates comparable aerodynamics in a relatively short
time. The wings were pitched from zero to maximum angles of attack ranging from 3
degrees to 42 degrees at mid-chord in a constant free stream Reynolds number of
8,900. Three wing planform shapes with the same effective aspect ratio four are
considered: rectangle, trapezoid, and triangle. Results show that the unsteady forces
are developed following the similar trend as the maximum angle of attack is increased,

giving a positive normal force and negative axial force extreme. The transient flow,
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occurring at the maximum angles of attack before steady state, gives oscillatory
characteristics on both normal force and axial force coefficients, and further yields
oscillatory lift and drag coefficients. The multiple extremes of positive normal force
and negative axial force are in phase. These oscillation phenomena are more vigorous
for rectangular and trapezoidal wings, especially at the angle of attack higher than 24
degrees, than for triangular wing. Two types of vortex dynamic system are further

revealed from Strouhal number analysis.
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Borsticest ™ AR=2
Bmin ‘ Bm = 455
Reduced pitch rate |

K = 05c 2l U = 05an(r/n) | e
o/ U (/) Slow case K = m/48 t,/t. =6

= Ol and Babinsky (AlAA Paper 2016-0285)

« How does NATO AVT 202 case study
inspire current work on rectilinear
pitching finite-flat plates?

- Let's review some resuits associated
with cumrent interest!
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Introduction

Fastcase X = n/B(ty/t. =1) @m = 45° Flat plate AR4 at LE pivot

s ol VA
- Te 18
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e SRS L
Rimmeirs WA

Local maximum

B S s s man - e
¢
» Ol and Babinsky {AIAA Paper 2016-0285)
« Berna aper -

E - Introduction
Slow case K = w48 (tp/t; =6) am = 45° Flat plate at LE pivot

1 2 o s L B
o Gt LY A

Local maximum

' 8
S g

Local maximum depends on aspect ratio

# # L] [t L

= Son et al. (AlAA Paper 2016-0288)

FUNE-FH20H



Introduction
Conditions: a,, = 45°, fiat plate AR4
Time scale ks shifted with respect 10 ihe

P

u

3 k]
P ag [ %ye1p) AT LS g
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Bepren! keve omifead O

@4 Lkdy p bt wrve: W gk
f‘*" e i, Vi gt
kgmt) BO& B 17 15 N - G034 94 B 1% 18 n oM O oMW
e, ¥

Local maximum does not depend on pivot location
Local maximum depends on reduced pitch rate

Caiging time scaie dstance of pivot iocation from leading
edge with free siream convecton
‘,I‘ RS - “"i i Logal ma’d:;um

Pk sgle 1dog )

- Yu and Bemal (2018) AIAA Journal

Introduction

@

Conditions: » “@?; g Ty 4*“.,4
ay, = 45°, flat plate AR, gl - -alng
leading edge pivot a| W e -.»!",x P

v
L

Extended lifting-line
theory gives predicted C
being in good agreement
with the measurement on
constant-pitch-rate finite
fiat plates.

Litt goefficiont, 0

51015 30 28 36 3 40 45
Augghe of sk (lepros)
Yu (2018} Journal of Aeronautics, Astronautics and Aviation
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@:’b Introduction 6

Low-crder model = non-circulatory force + vortex lift +

quasi-steady angie of incidence + Magnus force

. ] S

W -

cannot be predicted '?5;
yet by the low-order  ***s

model of Babinsky's. » H a P ¥ "
= Babinsky et al. {AlAA Paper 2016-0280)

The local mazimum

= Introduction

= [tis leamnt from NATO AVT 202 that

—The existence of local force maximum in
transition phase

—The local force maximum is a function of
aspect ratio and reduced pitch rate.

—The local force maximum is independent
of pivat location.

—More characteristics of the local force
maximum need to be discovered for
theoretical model development and
unsteady control.
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(Dl

= = Research objectives

- Using three fiat-plate wings (rectangle,
trapezoid, and triangle) to study
dynamic flow over pitching wing with
constant pitch acceleration at mid-chord
pivot at several maximum angles of
attack using direct force measurement.

- To determine the transient of unsteady
flow as a function of angle of attack and
wing planform shape.

@!h Experimental Setun

« Low-urbulence waler channel a3t
of Michigan {51cm wide and e bandie -

57 om helght). U <175 o (Re =
8,500} Fae B miey
« Al wings are made of Pleglass ang YT
rounded edges. P

« Al wings hawe 2° mean ohoed and 47 mg
wesied span with Tickness 0 mean . :
chard ratlo of 6.25%. L i ; i

* All wings were pitched at mig-chord, oo I i

= Force sEnsor |s Mang 43 by ATL =] i %

* Wing knematics was camled owt by — |
Veimey Rotary Table BSB18TS —

2.3 2 5 2 2 1 e
] 2 94
B —— )
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Wing kinematics comstan pitcn
i { ajt + antifz, 05ese/2  acceleration
1) = o o . . .
{(ﬁ& +Ept 2)(e — £,02) + (af /Bt - 6,02) +anf2 25t g,
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a'{t) = { N i "= LE gt’{

- G-apt-t)  Lz=csy
‘;’ ) * Ty = 3460, ..., 42
e W |y = 22545
iy o = 10043

0 Y - —aul &' = 2200%53
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How to implement wings undergoing a —
constant pitch acceleration?
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" Transient forces by a rectanquiar wing
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" Transient forces by a rectangular wing
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' Transient forces by a trapezoidal wing |
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Transient forces by a trapezoidal wing

45
o
i

as

o

a, ™ i4

Ty ™ LI

L] 3

8
LE

& o
ap
a4

a3

a4k

“r




& p—_—

By, ™ 24
Ty = T

L

A

LuiE

" Transient forces by a trianquiar wing

Transient forces by a triangular wing
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| unsteady force
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=" Strouhal number analysis

025
Ormtangle 2 vapssoid & penge
TR aa®
- . s ?
015 F % B
§ ’ gopBB®
§ ar L AT
aﬂm b .‘
n . b Y B
& & 10 5 16 25 A0 35 &0 a8
a8
st=fL{U, i
1. "“
where — '-- =
f = the averaged frequency, determined from two distinet
suocessive peaks of Oy

L=csing, ¢=508mm U, =iFf5ans

Conclusions
= Mommnal force is tenfold larper than axid force and therefore
gives the most contribution to it and drag forces.
= Duwring the wing mebon of af angles of attack of interest, a
rmaximum normal force is generated and s amplitude increases
with the increase of the maximuem angle of attack speciSed. This
rmaximum noemal force is comelated with 3 minimum axial force
with a negative value. This phenomenon suggests the attached
and pressure-dominated flow.
= During the relaxation phase at a given maximum angle of attack,
— Both normal force and aual force of rectanguiar or rapezokial wing
are exched more easlly to yisld the course of translent osdiiation
than that of trarguiar wing.
- For maximum of 3fack than 24 the Soahal
mumber Is scatiered around D.1_that Is difersnt from e creasing

Strouhal number (up %o 0.2} of maximum andgles of atiack lower
than 24 degrees.
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