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1. INTRODUCTION & OBJECTIVE

The interest in extending linear methods to include post-stall regimes of flow has existed since
Prandtl’s Lifting Line Theory. A vortex-lattice method algorithm based on a novel
decambering approach1 uses an estimate of the reduction in camber at post-stall angles of
attack to account for the change in the coefficients of lift, Cl and pitching moment, Cm from
the inviscid case. In a more recent approach, a numerical iterative vortex lattice method is
developed2 to study flow past wing(s) at high angles of attack where the separated flow is
modelled using nascent vortex filaments distributed along wing-span. Researchers have also
used different ways of estimating the effective angle of attack to account for the loss in lift at
high angles of attack.
The primary objective of this paper is to get experimental corroboration of the numerical poststall predictive algorithms developed. It is also expected to use the ‘decambering’ technique
as a physical tool to control boundary layer behaviour.
In this paper, results are reported from experiments conducted in the Transition and Flow
Control Laboratory, Aerospace Engineering Department, IIT Madras as shown in Fig. 1. The
subsonic, open circuit wind tunnel has a test section of 0.5m X 0.5m X 2m and a maximum
wind-speed of 30m/s. The wing models used have a NACA4415 airfoil section and a chord
length, c=6.3cm and a span, b=48cm. Due to the small size of the wing models, separate
models are used for measuring pressures and loads.

Fig 1: Schematic diagram of Test Section and Wind Tunnel Setup at IIT Madras
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2. RESULTS & HIGHLIGHTS OF IMPORTANT POINTS
The numerical results that we hope to validate using experiments are presented in Figures 2 and 3
respectively.
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Fig 2: ‘Decambeing’ Technique to model post-stall flow (section: NACA 4415, AR = 12)
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Fig 3: ‘Nascent Vortex’ model separated flow at post-stall (section: NACA 4415, AR = 12)

Preliminary experimental results for a 3D wing of aspect ratio, AR=7.6 at 𝑅𝑒 = 0.093 × 106
include coefficients of pressure versus x/c and coefficients of lift and drag versus angle of attack
as shown in Fig. 4. The 2D results for an airfoil using XFOIL at 𝑅𝑒 = 0.093 × 106 are also plotted
for comparison along with the 3D results.
The present experimental results for Cp shown in Fig. 4(a), calculated about the root section of a
3D wing are compared with XFOIL results for a NACA4415 airfoil. The present experimental
results for Cl shown in Fig. 4(b) are compared with experimental 2D results at 𝑅𝑒 = 3 × 106 from
Abott5. The present experimental results for both Cl and Cd shown in Figures 4(b) and 4(c)

respectively are also compared with experimental 3D results for a wing of aspect ratio, AR=6 at
𝑅𝑒 = 0.25 × 106 from Naik and Ostowari6.
Pressures are calculated using scanivalve and then the output is post-processed to calculate the lift
force L by integration of pressure distribution. Hence, the coefficient of lift is then calculated as
Eqn. 1.
𝐶𝑙 = 1
2

𝐿

(1)

𝜌𝐴𝑉 2

For the coefficient of pressure plot, in the current experiment, pressure ports are mounted in the
root section and the ports on the bottom of the model are slightly off compared to that on the top
surface.

(a) Cp at α = 15o

(b) Cl

(c) Cd
Fig. 4. Current Experiments
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