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Simulation of a Flow around an Airfoil with a Circulation Boundary Condition

OKunio Kuwsahara (ISAS) and Satcke Komurasaki (Nihon Univ.)
Key Words: Airfoil simulation, The incompressible Navier-Stokes equations, Subsonic flow, Circulation, Stall

Abstract

In the present paper, a simulation of a subsonic flow around airfoil NACAQ0G12 is aatacked
Computations are done at angles of attack 8° to 18° and at the Reynolds number of 10°
based on the chord length. In this computation, the incompressible Navier-Stokes equations
are solved by the multi-directional finite-difference method with using an O-type grid system.
For high Reynolds number flow, no explicit turbulence models are employed, but a third-
order upwind scheme is adopted. On the far boundary, circulation is corrected consistently,

ana a perzoézc boundary coﬂdltzon xs used in the spanwise dzre‘,ﬁmn Results show that

the value of C’Z at low angles of attack.

1 Introduction

A flow around an airfoil is one of the most funda-
mental problems in aerodynamics. Many simulations
have heen done but some important problems still
remain unsolved.

In the present paper, as one of those unsolved
problems, a simulation of a subsonic flow over an air-
foil near the stall angle, is attacked. Most successful
simulations of this kind at high Reynolds numbers
are based on the third-order upwind formulation(1].
To increase the accuracy, we employ the multi-
directional finite-difference method [2, 3].

Kuwsahara and Komurasaki computed a 3-d sub-

sonic flow around an airfoil under a free-slip
boundary condition[4] and a periodic boundary

condition[5], in the spanwise direction. In these pa~
pers, the main flow properties were captured and Cl
agreed well with the experimental values, without
any explicit turbulence model.

In the present paper, we develop the previous
paper[5] with consistent circulation control on the
far boundary.

2 Computational method

The governing equations are the 3-d incompressible
Navier-Stokes equations and the equation of conti-
nuity as follows:

dive =0 (1)
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+ % - gradu = —gradp + ——Aw. 2
B g gradp + —— )
where u, 2,1t &né‘; Re denote the velocity vector, pres-
sure, time and the Reynolds number respectively.
For high-Reynolds-number flows, time-dependent
computations are required owing to the strong un-

ralls norasan
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steadiness.

The numerical procedure is based on the projec-
tion method. The pressure field is obtained by solv-
ing the following Poisson’s equation:

Y12

Ap = —div{u - gradu) +
i D = divy,
where n is the time step and ¢ is the time increment.

D™+ ig agsumed to be zero, but D is retained as 2
corrective term.
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The equations are discretized based on the multi-
directional finite-difference method. Space deriva-
tives are discretized using second order central dif-
ference approximation with the exception of the con-
vective terms. For the convective terms, a third-

paeey srvrinidd 3¢
order upwind scheme is used to stabilize the com-

putation. It has been found to be the most suit-
able for high Reynolds number flow computations.
The second-order Crank-Nicolson implicit scheme is
used for time integration. A body-fitted coordinates
system O-grid is employed, and grid points can be
concentrated near the body surface. The number of
grid size is 120%65%65 (fig.1). For airfoil simulation,
C-grid is usually used to avoid the trailing edge sin-
gularity. To make C-grid is not easy for high angles
of attack, and this is another reason of the difficulty
to simulate the flow at high angles of attack. Also
C-grid needs unnecessarily concentrated grid points
in the near wake region beginning from the trailing
edge. This makes the computation unstable. On the
other hand O-grid is, in every sense, much better if
the computation converges.

Figures 2 (a) and (b) show circulation profiles at
angles of attack in case with and without circulation
correction on the far boundary. In previcus compu-
tations, velocity on the far boundary was given as
steady free stream because it is not easy to give ve-
locity condition on the boundary for O-grid. In this
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case, circulation on the far boundary is always zero.
However, it is not consistent that circulation is al-
ways zero in computational domain for airfoil flow
because starting vortices generated at the trailing
edge never disappear even after long time. In this
computation, on the far boundary, velocity is cor-
rected consistently and circulation does not become
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Figure 1 Computational grid.
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(b) Case without circulation control.
Figure 2 Circulation control on the far boundary.
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3 Resulis

Three-dimensional flows around NACAQ012 airfoil
are simulated at Reynolds number of 10, Fully de-
veloped two-dimensional flow is used as an initial
condition for 3-d computation to save the compu-
tation time.

Computational results are visualized in figs.3-6.
Figure 3 shows pressure distribution on the body
surface Cp at angles of attack 14°, 16° and 18°.
Section lift coefficients €1 are given in fig.4. They
are computational values in case with and without
circulation control on the far boundary, and experi-

mental valieel8l atr anclee nf ES tapls
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Figure 4 Section lift coefficients.

This document is provided by JAXA.



(R EEBOMY & FIHE ) MFEaRmEERCE (B350 - 55 36 =) 45

g 2355

she R

Bl 053

s

{a) & = 8 degrees. {d) @ = 14 degrees.

SR e

sl el [ - sian A eea

= 16 degrees.

(b e = 10 degrees.

L

ey A
W
gty

PRET)

e

{¢} & = 12 degrees. (f) & = 18 degrees.
Figure b Flow field at each angle of attack; a low pressure contour surface and stream lines.
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{(a) « = 8 degrees. (b) @ = 16 degrees.
Figure 6 Longitudinal component of vorticity.
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Figures 5 and 6 show instantaneous flow field at an-
gles of attack. In fig.5, a contour surface of low
pressure, pressure shading on the body surface and
stream lines from the leading edge are expressed.
Figure 6 gives longitudinal component of vorticity,
at angles of attack 8 and 16 degrees, with using two
equi-surfaces of a positive and a negative values. In
fig.6, these equi-surfaces show & characteristic pat-
tern at angle of attack 8 degrees.

4 Conclusion

In the present paper, it was shown that circulation
correction on the far boundary had effect on a flow
field. In other words, under s circulation-correction
condition, the value of lift coefficient increased at
lower angles of attack and decreased at higher angles.
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