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COMPUTATION OF UNSTEADY TRANSONIC FLOW
AROUND THE WINGUSING FULL - POTENTIAL EQUATION

Lu Zhiliang, NUAA Branch, CAE
R.Voss, DLR

ABSTRACT
The conservative full — potential equation and C — H grid are used to compute the unsteady
transonic, flows around airfoils and wings. The equation is solved by time — accurate approximate fac-
torization algorithm and internal Newton iterations. The wake is modeled by solving the unsteady vor-
ticity convection equation. A 2D integral boundary layer method based on the dissipation integral is
used to account for viscous efforts. Calculations are presented for NLR7301 airfoil LANN wing. All

results are in agreement with experimental data.

[. INTRODUCTION

The accuracy of the flutter prediction depends mainly on the knowledge of unsteady aerodynamic forces. For
unsteady transonic flows, the governing equation of flow cannot be linearized. Now methods for unsteady transonic
flow calculations in order of ascending completeness of flow modeling and of computational effort are based on :
Transonic Small Disturbance(TSD), Full Potential(FP), Euler equation, and Navier — Stokes equation. An impor-
tant intermediate step is FP codes which need much less computation time than Euler codes and do not have restric-
tions of geometry as TSD. In present paper, C — H difference grid is used!) . and a time — accurate approximate
factorization algorithm is used to solve the unsteady FP equa\tion[z’31 . At each time level, internal Newton iterations
are performed to achieve time accuracy. A flux biasing technique is applied to generate proper forms of artificial vis-
cosity. The wake is modeled by a cut behind the trailing edge across which the density is matched at any instant of
time by solving the vorticity convection equation. A 2D integral boundary layer method based on the disipation inte-
‘gral with algebraic turbulence model of Drela/Giles is used to account for viscous efforts.

The code of this method is used to calculate the transonic flows about NLR7301 airfoil and LANN wing. All re-

sults are in agreement with experimental data.

II. BASICS FOR THE FP ALGORITHM

1. Governing Equation and Approximate Factorization Scheme
The unsteady full potential equation written in a body fitted coordinate system is given by
(o0)e + (U + (pVI)y + (oW = 0 (1)
where o is density. U, V and W are the contravariant velocity components in the £, 7 and § directions. T means
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time. J is Jacobian.
Let Eq. (1) be represented as

F($) =0
where ¢ is the unknown to be solved at the current time plane. The Newton iteration for solution to this equation is
oF
F($.) + | 5g ($-9.) =0 (2)
(5,

where ¢, is the currently available value of ¢.
At convergence, A$=¢-¢, , will approach zero.
Calculation of iteration matrix % in Eq. (2) demands several derivative expressions, such these of p, U,

V, W with respect to $!2/. The method of approximate factorization is used to solve Eq. (2). In the approximate
factorization procedure, the equation about A$ is written as
LEL'V]‘L'CA¢ = R(¢* ) (3)

where

Le= 1+ AcUR - 5oxptJand:

1
§ a,lp".l 0,228,,

L= 1+ AcUS, - %atpujauag

L,,: 1+ A'L'Ua,7 -

and p" denotes the upwind density to produce the necessary artificial viscosity .
Eq. (3) is solved in three steps

a. LAY = R b. LAY =AY c. LA = AY (4)
Each one results in a tridiagonal matrix equation, and the new f is given by
4) = é* + A¢

2. Boundary Conditions

The grid generation is obtained by a method presented in Ref. (1). C - H grid is used. Although the vari-
ables in Eq. (4a) and Eq. (4b) are two complicated functions with little physical meaning, it is not difficult to
impose the far field and symmetry plane boundary conditions to Eq. (4a) and (4b). The original variable A$ in
Eq. (4c) makes it possible to apply flow tangency condition on the body surface and unsteady wake condition on
the cut line exactly.

On the wing surface, the contravariant velocity component W has to vanish : W =0. Let i be the running in-
dex in the § direction, j in the 7 direction, k in the ¢ direction, and k = K denotes the body point. From W =0
the follow relationship is given

kel
og

Eq. (4c) for the body points can be represented as
20
Ly =1- E(P Ja33a§)i,j,k+'%

(W), ;.. = 2(pWI),

l,j,k+%

The pressure is continuous across the cut line. In the full potential framework, this results in the continuity of
density. An unsteady transport equation for the pot_ential jump across the wake can be written as
L.+ U+ VI, =0 (5)

where U and V are the averages of contravariant velocities above and below the wake. In general case the compo-
— 7 P



nent in 7 direction can be neglected and the Eq. (5) can be treated as
AT, - IV, -Ti + AU (T + ATy = Ty )
b 1+ AtU; ;
where I is the currently available value. The vorticity value at the trailing edge (point T) is given by
AT'r = Abp, - Adp

where the subscripts u, | stand for up surface and lower surface.

3. Viscous Inviscid Interaction

The effect of viscosity can cause the inviscid simulation of moderately strong shock case to be inaccurate.
Boundary layer correction is a necessary step to improve the inviscid results.

The three — dimensionality of the wing, due to sweep, taper and twist, was considered by the inviscid solution
which provided the boundary condition at freestream for the boundary layer solution. A two dimensional boundary
layer is calculated at each cross section of the wing span at each time step or after several steps. In transonic flow,
the laminar region is very small, the effect on the aerodynamic performances is insignificant. The dissipation integral
with algebraic turbulence model is used. This yields the boundary layer thickness distribution, which is used to
modify the surface tangency boundary condition.

Along the wing surface, the corresponding blowing velocity can be given by
28"  op¥”

9s ~ Os Os
where s is the cross section surface of the wing span. It can be regarded as the gradient of a velocity potential in-
duced by viscosity. On the body surface

w, = u

Ve =w
Since the contravariant velocity component in the { direction can be written as
W=v©¢ v

with w; and § in the same direction along the wing surface, the body condition then becomes

W=wlv ¢l = waxn
III. PRESENTATION OF RESULTS

The code of this method is used to calculate the transonic flows about NLR7301 airfoil and LANN wing. The
2D steady test results have been obtained on a C - type grid with 225 x 33 nodes and a coarse grid of 135 x 22
nodes, which are shown in fig. 1. The same figure shows the comparison of steady pressure distributions obtained
by viscous and inviscid computations on both grids and from experiment. The influence of viscous effects is signifi-
cant and shows up in a tremendous shift of shock position and shock strength. The agreement of the computations
with test results is good.

Unsteady computations have been carried out again on both grids. Looking at the unsteady pressure distribution
(first harmonic component) on the surface in fig. 2, the results for the different grids differ only in the region of the
pressure pulse caused by the oscillating shock wave. The agreement with test results is good.

For the 3D case, we present results of computations for the LANN supercritical wing and the AGARD steady
and unsteady test case CT5!, see fig. 3, 4 and 5. Results have been obtained on a C — H type grid with 161 x
41 x 33 nodes. The Mach number is 0.82 and the steady angle of attack is 0.6 degrees. Reynolds number is 7.3
million with root chord as reference length. The unsteady test case in fig. 4 is about rigid harmonic pitching about
an axis through 62% root chord. Pitching amplitude is 0.25 degrees and reduced frequency is 0.206 with root

_8_



chord as reference length. All results are in agreement with experimental data.

IV. CONCLUSION

A time — accurate approximate factorization algorithm is used to solve the unsteady FP equation. A 2D integral
boundary layer method is used to account for viscous efforts. The steady and unsteady transonic flows about
NLR7301 airfoil and LANN wing are calculated. The 2D results show the stability of this method and the influence
of viscous effects. The results of 3D steady and unsteady transonic flow for LANN wing are in agreement with experi-

mental data.
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Fig.1 Wall pressure measurement systems




