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This paper presents the experimental evolution of transient hydrodynamic forces
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acting on swept wings undergoing a constant pitching acceleration/deceleration. The
pitching maneuver concerns a wing from a zero-incidence angle to several maximum
angles of attack in a free stream with a mean-chord-based Reynolds number of 8900.
Two planform shapes include a right trapezoid and a right triangle. Both wings are flat
plates with a geometric aspect ratio of four. A swept-forward configuration adapts the
axis of pitching pivot about a wing straight-edge upstream; however, a
downstream-pivot-axis configuration yields the swept-back wing. The experimental
force data disclose the domination of the normal force over the axial force on the
pitching wings in the transient flow. During the phase of pitching acceleration, the
swept-forward wings experience much more hydrodynamic forces than swept-back
wings. During the period of relaxation, the transient phenomena are dependent on the
planform shape, not the swept angle. As the maximum angle of attack lower than 18
degrees, the triangle wing is susceptible to the typical oscillating flow. However, the
trapezoid wing confronts more severe transitory force generation as the maximum
angle of attack higher than 21 degrees.
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Introduction

Pitching maneuver

For manned vehicle, post-stall
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* Yu, H.T. and Bernal, L.P, “Effect of Pivot « — -}
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Introduction

» Using the kinematics of constant pitch rate,
The existence of transitory force generation in the relaxation phase
of a wing at a high angle of attack is evidenced by NATO STO AVT
202 (2016} in joined effort.

+ Ol and Babinsky (2016), and Yu and Bemal (2017) reported the
dependence of transitory force generation on reduced pitch rate
and pivot axis location.

+ Son et al. (2016) reported the dependence of transitory force
generation on aspect ratio.

» Yu and Bernal (2017) reported the occurrence of transitory force
on pivot axis location would be the same for the same reduced
pitch rate case as the time scale is compensated by the convective
time traveling from leading edge to pivot axis.

+ Yu and Bernal (2017) utilized symmetrical flat plate wings at mid
chord pivot undergoing a constant pitch acceleration and
reported the dependence of transitory force generation on
oo formns. The effect of reduced pitch rate was suppressed

Objectives

« Using a right trapezoid and a right
triangle flat plate wings to capture
dynamic flow at constant pitch
acceleration from zero-incidence to
several maximum angles of attack using
direct force measurement technology.

« To determine the transitory force

generation of unsteady ﬂow as functions
gle of attack, planform shape, and

6/20
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« Low-turbulence water channel at
University of Michigan (61cm wide and
57 cm height). U,=17.5 cmis (Re =
8,900). e

« All wings are made of Plexiglass and Rl g Pemsoraduplon
rounded edges. '

« All wings have 2”° mean chord and 4"
wetted span with thickness to mean
chord ratio of 6.25%.

« All wings were pitched at a straight edge.

Force sensor is Nano 43 by ATL.

Experimental Setup

Swept-forward wing configuration

Axis of rotation
Wooden handle

Force fransducer
{ATI Nano 43)

Trapezoid . 4 0.5
Triangle | 27.9 0 45 26.56 4 18| 4 0 9] 2 [2.667
Note: GMC = Geometric Mean Chord; MAC = Mean Aerodynamic Chord

Wing kinematics of a Constant-Acceleration
« The kinematics is a quadratic time variation function by
a'(t) = a'yt +0.5a",t2
where o'y is 2.25°/s and "', is a value of 200°/s2 (a” ,,t. %=
0.2942).
»  Wing kinematics was carried out by Velmex Rotary Table B4818TS.

X VXM position & VXM speed

500 —) 2000 %1 | Reduced pitch rate
s00 | FO=4000 35 PR ' | A
g 1 1300 a8 E’Q} [ . K= O.SC {Im/Um
5300 = 2 -
= {1005 5 1 = U.Sam(tc/tp)
|£ 200 E" E 0.1 l—
< 100 . 5 2 i t.=cllU. (= 0.2903 s)
() = 20007 + 452 :
0 X : ; o S T e
¢ 01 62 03 04 05 6 5 10 15 20 25 30 35 40 45
05.', (s} .\Iaximum zng!:: nfmack. a,

i B ¥ : .790 0.826 0.861 0894
texp 0224 0.325 0403 0.469 0.527 0.579 0.627 0672 0.714 0.753 0.791 0.827 0.862 0.895
0.770 1.118 1.386 1.612 1.811 1.991 2156 2.310 2455 2592 2722 2847 2966 3.081

_f 0.034 0.047 0.057 0.065 0.072 0.079 0.085 0.091 0.096 0.101 0.106 0.110 0.115 0.119
8/20
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- Tare procedure: to remove inertia

and weight contributions due to the * Data Processing

wing position and acceleration.
~ Static tare: the measurements in air
and still water at fixed angle from 0° to
a maximum angle of attack.
It is negligible because of the

$ Raw Data
v (moving water, air)

§ order Butterworth filter with filtfitt
23" airfoi w.=2H2

‘Direct Force Data Processing

Tare Procedure

ey

(P oF () HF ) HF
(F) 2F (o), #F.) 4F),

| Statctae

(FYe APk o) ) MRy
very small mass of the wing and ;

mounting hardware, i.e. < 46.2g ComputeF,, F,
» Dynamic tare: the measurements in air  *nspest each sample data
: " iy g » Ensemble average
with the same kinematics as inthe flow . gurdard devistion
experiments. »95% Confidence intenval
<» The same filter and cutoff l
frequency as in the flow — .
. i glm)rag oefficients -
experiments was used. t . Emeebie mage
| » Standard deviation

« A low-pass, zero-phase, first order, 2-
path Butterworth filter was used.

: » 85% Cenfidence Interval

Yu, H.-T.,and Bemnal, L.P., "Effects of Pivot Location and
Reduced Pitch Rate on Pitching Rectangular Flat Plates," ATAA
Journal. Vol. 55, No. 3, 2017, pp. 702-718.

+ The cutoff frequency is 8.76 Hz.
« 60 samples were averaged.
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Conclusions

During the pitching acceleration,

oy

$re

—~ for e swept-forward configuration. the pormal force coefficient on the
triangle wing is higher than that on the trapezoid wing.

for the swept-back wing configuration, the triangle shape encourages more
the normal force generation than the trapezoid shape zs hg maxmum
anzle of atack icwer than 18 dsgrzes. As the maximum angle of attack
increases, the normal force on the wing planform has opposite effects.

During the relaxation phase,

— for all flat-plate wings considered, the maximum angle of attack of 12
degrees is the benchmark for the transitory force generation.

— As the maximum angle of attack increases, a transitory force develops at
around 5w Lately, another transitory force is generated more significantly
on the trapezoid shape than the triangle one, dependent on the maximum
angle of attack.

Conclusions

The first peak of the normal force occurs within the pitching
maneuver of swept-forward wings; whereas the swepl-hack
wings have the first normal-force peak close to the end of the
pitching maneuver. The nadir of the axial force lags behind the
first normal force peak in general.

The pitching moment coefficient C,, about a pivot axis has
characteristics similar to the normal force coefficient C,. The
values of Cy, on the triangle shape is higher than the trapezoid
shape for the similar swept-angle. A configuration of leading
edge pivot stimulates a negative C,, development; a trailing-
edge-pivot configuration encourages a positive C,, course.
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