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Abstract

A thin, low cambered aerofoil with a tab at the trailing edge in incompressible, unstalled flow is
considered. The general expressions for unsteady lift and aerodynamic moment on aerofoil and tab
are derived using two dimensional potential theory extended for the case of varying free stream
velocity and arbitrary, different motions for both aerofoil and tab. To complete the method the lift
deficiency function should be calculated for a particular wake shape and its time dependence.

To validate this approach, the classical Theodorsen case of an oscillating aerofoil is presented.
Loads are calculated in the time domain by applying inverse Laplace transformation to the
approximation of the lift deficiency function in the frequency domain. The agreement of the results
calculated by this method with the results obtained by other methods and experiments is good.

The aerodynamic loads for the case of arbitrary motions of aerofoil and tab are also
investigated.

Notation.
ab - distance of aerodynamic centre from W(x,t) - flow velocity component perpendicular to
aerofoil midchord the chord
b - half of aerofoil chord () - aerofoil angle of incidence
be, - the distance of tab hinge from midchord - v(x,0) - distribution of circulation
C(t,y,) - lift deficiency function &(t)y - angle of tab deflection
C,_ - lift cocfficient . 0 - spatial variable cos = x/b
C,, - moment coefficient Ax,t) - velocity component induced by circulation
k - reduced frequency, k= whbfU £ - air density,
L(t) - lift @{x,t) - velocity potential
M(t) - moment $o - angular coordinate of tab hinge
Ma - Mach number of undisturbed flow { - wake coordinate along x axis
plt,x) - pressure distribution
Q) - velocity component in circulatory part Indexes
s - variable in Laplace transformation {a) - calculated for acrofoil without tab
s=iwt {(b) - calculated for aercfoilftab
t - time, (D) - calculated for tab only
x - coordinate along aerofoil chord (w) - calculated for wake,
U(t) - free stream velocity ()- differentiation with respect to time
U, - relative free steam velocity {C) - circulatory part
w(t) - aerofoil velocity component {(N) - noncirculatory part

perpendicular to the chord
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1. Introduction.

Calculation of aerodynamic loads is a crucial part of aeroelastic analysis of fixed and
rotary wing aircraft. Despite the latest achievements in Computational Fluid Dynamics, the
capability of solving full equations of flow around an aerofoil is still a challenging task.
Evaluation of aerodynamic loads is especially complex in rotorcraft technology when the
main or the tail rotor blades are concerned. Flow velocity components both along and
perpendicular to a blade chord can vary in an arbitrary way as functions of time, due to the
combined effects of rotor angular rotation, rotorcraft forward flight velocity, blade andjor
hub elastic deformations and/or rotations in hub hinges. As a result, blade section angles of
incidence can vary within a broad range including stall.

A need for simple and reliable methods for calculation of unsteady aerodynamic loads
has increased lately, due to intensive investigations into the real time simulation and active
control of aeroelastic structures. This is evident for instance in rotorcraft activity, where
different concepts for “smart structures” and active control are explored [1,2]. An
application of some additional control surfaces mounted on the blade is considered therein,
which raises the problem of calculating unsteady aerodynamic loads on aerofoils with high
lift devices like leading edge slots or trailing edge tabs [3].

The required properties of the method for calculation of aerodynamic loads stem both
from the flow environment which is to be modelled and from prospective applications of
the method.

Up till now in rotorcraft aeroservoelastic problems the assumption of a two dimensional
flow environment has been justified. Within this assumption, the method should cover:

1. Three components of loads: lift, drag, and moment,

2. Arbitrary variations of: angle of attack, "horizontal” translation, (i.e. translation along the
chord line or along the direction of undisturbed flow velocity), and “vertical” translation,
(i.e. translation perpendicular to the chord line or to velocity of external flow),

3. Fluctuations of free stream velocity,

4. Shape of blade wakes,

5. Angle of incidence up to deep stall,
and, which has became important recently,

6. Arbitrary trailing edge tab motion.

The method of calculation of aerodynamic loads should be compatible with existing
computer codes for rotorcraft motion simulation and stability analysis. In helicopter rotor
aeroclastic analysis ordinary differential equations are widely applied for calculating the
steady and periodic motion of the rotor, Floquet or eigen-values for stability evaluation, and
gains in control algorithms.

Some efficient methods developed in fluid dynamics for calculating unsteady loads are
difficult to adopt in algorithms used for solving rotorcraft aeroelastic problems. For
instance, application of panel methods leads to a large number of states. When some
models are utilized the efficiency of numerical perturbation methods and algorithms for
solving differential equation could be questioned.

The way to avoid some of the above mentioned difficulties is to express the flow
motion in state variables, which allows the use of existing codes for aeroelastic analysis
and the description of the changes of the loads or states by ordinary differential equations.
These equations account for arbitrary aerofoil motion, and they also model the motion
history, which is inherent in any unsteady aerodynamic loads case.
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The classical approach for calculation of aerofoil unsteady loads in the frequency
domain was developed first by Theodorsen [4]. The restrictions of his approach included
the constant flow velocity, no chordwise aerofoil motion and the same motion of aerofoil
and tab. Greenberg's [5] extension of this method concerned the varying free stream
velocity, but not the tab. The extensions and modifications done by others [6-9] have not
included a tab either.

The frequency domain formulation is suited mainly to searching for instability at one
discrete frequency, which is not the case in rotary wing activity, where, due to periodic,
parametric excitation, there is no definite frequency for instability. The need for a time
domain approach is then evident.

The transformation to the time domain applied in [10] allows the release of the single
frequency constraint in the above methods.

Arbitrary motion of an aerofoil with tab was investigated using indicial function
concepts in [11], an extension of Greenbergs approach was developed in {12] and an
heuristic application of the ONERA stall model was used in [13].

The objective of the research presented in this paper is to develop a method in the titme
domain for calculation of 2D aerodynamic ioads on an aerofeil with trailing edge tab, both
performing arbitrary motion, different for tab deflections and aerofoil translations. Unstalled
flow is considered.

The method described in this study is considered to cover a more general case than in
previous works, and is simpler and more computationally effective.

2. Formulation of the problem.

An inviscid, 1nc0mpre551ble 2D flow with a free stream velocity U(t) Wthh is an
arbitrary function of time is assumned.

A thin, small cambered aerofoil with a trailing edge tab is considered. The aerofoil
angle of incidence «(t) and the angle of tab deflection &(t) are arbitrary functions of time
not exceeding values at which flow separation occurs.

These assumptions allow the application of linear theory to small perturbations of flow
velocity with the principle of superposition.

For the assumed flow, the perturbation ¢ of the velocity potential fulfils the Laplace
equation

Vi = 0 ¢y

The solution of equation (1) should satisfy the boundary conditions:
- at the aerofoil where the flow should be tangential to the surface, i.e. the flow velocity
component perpendicular to the aerofoil matches that of the aerofoil

w(x, = W x,0) (2)

- at infinity where the perturbation of velocity potential should vanish.
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Having calculated the velocity potential ¢, the differential pressure on the aerofoil can
be obtained from the linearized Bernoulli equation

3 3
Ap=-p [+ UE]A
Y2 p[atF aX] ¢ (3)

where A@ is the difference in the value @ between the upper and lower surface of the
aerofoil

Agp = @l, - ®; (4)

Using the pressure distribution Ap, the lift and moment are calculated

b b
Ly = [ -Apdx, My) = ~[(-Apyxdx + abL(H (3)
b b

It is assumed that lift is positive up. Moment is positive when aerofoil rotates the leading
edge upward, and is calculated relative to the aerofoil aerodynamic centre situated at a
distance ab from midchord.

The aerofoil force and moment are rearranged using the Bernoulli equation (3)

b b
Lib=p | [a‘g—“% U9B®yax,  M(p=-p dﬁéﬂ+ UEA—@}X&wa(f) (6)
J, ot ox 1 ot ox

This is the “classical formulation” of aerofoil loads in two dimensional, unsteady flow.
3. The method of solution.

The approach proposed in this study consists of using the principle of superposition and
calculating total unsteady loads as the sum of contributions from the aerofoil itself and tab:
- lift

LiL~+L, )
- moment
MMM, (®)
~ moment on the tab hinge
M=M, (a=-1) ©)

The same general expressions for calculating loads on the aerofoil and on the tab are
derived. This result could have been achieved by appropriate adjustments in derivation of
expressions for aerodynamic loads.
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The method presented follows the classical approach to unsteady aerofoils [14]. First,
the boundary conditions (2) on the aerofoil are expressed in terms of circulation. Next the
integral equation is formulated which gives the relation between bound and shed
circulation. The solution of this equation is calculated using decomposition of velocities and
circulations into Fourier series [15].

In this method the coefficients of the Fourier series for an aerofoil and a tab are
obtained separately.

Finally the expressions of unsteady loads are obtained in terms of velocities of
aerofoilftab motion and velocities induced by the wake by integrating the pressure
distributions.

To calculate the loads effectively, assumptions concerning wake shape and its time
dependence are necessary. For such a particular case, the transformation to the time domain
is obtained via approximations of lift deficiency functions.

To check the validity of this method, the wake shape from [4] is considered and
different approximations of lift deficiency function are analyzed to find the best one.

The loads calculated by this method are compared with other approaches and available
experimental data.

4. Extension of unsteady thin aerofoil theory.

In this chapter the expressions of unsteady loads on aerofoil are re-derived and
extended to account for arbitrary flow and aerofoil/tab motion.
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Fig.1.

Because of the small camber and thickness, the aerofoil is decomposed into two parts
(Fig.1):
- a symmetrical profile, with the axis of symmetry along the mean flow velocity,
- a cambered mean line at incidence angle «(t) to the flow direction.
It is assumed here that the trailing edge tab influences aerodynamic loads in a similar way,
as does changing of the aerofoil camber line.

For the symmetrical case the pressure distributions on the upper and lower surfaces of
aerofoil are the same and there is no net force or moment,
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For the unsymmetrical case the velocity potential and aerodynamic loads are
decomposed into a circulatory part, which relates to the aerofoil/tab, and a noncirculatory
part, which relates to the wake. At the trailing edge, these two parts are reconciled using
the Kutta condition, which requires no discontinuity in velocity. The circulation ¥y, results
from the difference of velocity between the two points considered, so for x€[-b, b]

RAYY

Jx

99

= A -
Yo u Y |

CTT
ox v (19)

because v, does not exist for x € [-», -b]. From the definition of velocity potential, the
difference A and its time derivative are expressed as

X

A A A
A(p=£ybdx=:[;ybdx, | —QgT@:—r%nfybdx=%beb(X,Odr (11)

o0

The flow velocity component in the boundary condition (2) is calculated as

L) 12
Wxl) = - f par dar (12)

-b

This expression is transformed into an integral equation [14] and inverted using Songen’s
kemel transformation

b
.2 | bx bl BW-A (15)
Yo%) T \J bu’_fb ¢ x-¢ @
With a new spatial variable # defined by
x=bcos(®), x<[-bb], Oc[w,0] (16)

equation (15) is transformed to the form

_2b, 8.7 (I+cosD) 2P an
Yo T fg(z)£ cos@-cos?

The aerofoil/tab and wake velocities are decomposed in Fourier series

w =Y wgos(P), A= Y A cos(a0) (18)
=0 =0
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After mcludmg (18) into (17), the c;rculatxon Yy » which fulfils Kutta condition i.e. v,=0, is
obtained i the form

Y5723 (w, - X)) £(0), £(0) - (‘g(%), £y = sin(0)  for n=1 (19
=0

The coefficients of the series of the induced velocity A due to wake circulation are
calculated as

mflwb(uﬂ)d) . fy,V(tC)[C (22 (209
b (E-b?

Using the series (19), lift and moment are expressed as

L() == 2mp bUwyt = w)-(hgt AT +p w02 L {(w-Lwy)-(hg-2A01 @D
2 2 Jt 2 2

MO = - Tpo Um+ w)-(Ay+hy)) +(5 DL

(22)
b3 i i
- (v A= ) <Oy~ )4 (g A)]
Conservation of circulation gives the relation
1 . _°° C*b 2
21rb(u/0+5w1) = {Y L68) C*bdc (23)

Inserting (20) into (21) and (22) and then using (23) and rearranging, the lift is obtained in
a "standard unsteady aerodynamics” form

L = wpbz(wo—%wz) .

-1
+2fn-pb0(f){ fm[ L paps L2 fmc T b%dc:]p " }

where

(24)

Q) = Ui 5 ) 25)
and the expression

34-7



CAY ) = { [

C* 21yt fmc VTr- bZ)dc} } (26)

is a lift deficiency function in the time domain.
The influence of the wake on moment comes from the lift contribution and from the
wake itself. The wake influence is expressed as

Col¥ 1) fmc Vi bleq L1b }dfv

(27)
g—w{[ AL/ B "-afmbf ¥ L/ bzwc}
The aerodynamic loads are decomposed into noncirculatory and circulatory parts

Lo =L+ LD (28)

INCE qrpb2(w0—%w2), LAD=2mp QDCLY .0 29

M = M5 + M5 (303

MyD = wﬂgﬁ[w{m-} Wz)-b(%—ws)—sz(%—%wz.)]+(%+a)bzw(z)
G

MLb - —%puc',,,cv,,,r)-+(%+a>ch(t)

To obtain effective expressions for calculating lift and moment, the dependence of
velocities and circulations on time and on spatial coordinates should be established.

The above derived expressions are valid for loads on the aerofoil and the tab with the
proper adjustments of tab velocities given in the next section.

5. Modifications for tab loads.

The tab rotation relative to the aerofoil changes the direction of the free stream velocity
and gives its own contribution to the flow velocity

w, = UDS(H-bep( w, = B (32)
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To obtain formulae for the Fourier series (19) for the tab only the first two harmonics of
the spatial function for tab velocity are taken into account. The bound circulation of the tab
is first calculated in the form

Yor = %2 17,40} 33)

=0

where

£40) = Db Wiy h i (A Jsing)
2

| in(2
£A0) = sin(o){2< e b sings v, g ) 1}
(34)
£40) = sin0){( wro-kro)sin(2¢>0)+%( W, A, )(sin2 cosd,tsing,)]
in(2
£40) = sin(39)[(%)(w,0—l ,o)sm(3¢g)+(wr,-x,,)-sir-‘%@}
and the rest of series
R=Y (%)sin(nﬁo){kin(zﬁ)(w,o-ko)+ [sin((zr 1)8)+sin((-1)8)] w, ) (35)
=4

In the above formulae the value of @, relates to the tab x coordinate.

The main difficulty in obtaining (33) lies in the calculation of the Glauert integral

P

_ cos(ai) 36
4 !;cos(f))mcos(())dﬁ (36)

for the boundaries appropriate to tab coordinates. This is solved by decomposing the
integrand into series.
After rearranging (34) to the same form as (19) one obtains for the tab

. . in(¢,)
Wrp =hoWph W, singy, Wz = 2wsinggt w, (gt = )
Wiy = wmsmcwo)%(w,,(sin2¢ocos¢o+sm¢0), 37)
$in(2,)

Wrs = (2w w,
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6. Classic unsteady aerofoil case.

In the following the assumptions for the wake from [4] are applied. The wake shape is
not spatially dependent and flow disturbance is convected downstream with a mean flow
velocity, so

0w _ } _ ac
3 0, ¢ =4 = bUoy,

= U (38}

In this case the lift deficiency function Ci(v,k) has the form

) fv TONES (39)

The same assumptions results in the influence of the wake on the moment being zero.

QY 0= QY b fv V(tC)

For the case considered the lift and moment are written in the form

L = 2mp by Rty ) + prz(%-%%)

(40)
3
My = -Zpo Uy rw) T 5w, ws)w’”z‘” <%~—%%)+(%+-a>mo
or as coefficienis
b, . 1. _ 2
C(H = ?f;f(”’° 2 C, (b = E);O(f)avw,t)

b b, . . b . 1. 1 ‘

Cyr (D) % LWy wy)= 2 (i) =2 =y W) [H (54 D C (0, 41

0
Gl = (+aC, (0

This is the generalization of classical unsteady theory to arbitrary aerofoilftab motion.
To obtain the loads, usually the harmonic motion is assumed and a Laplace transformation
utilized to calculate the function C(y_t) in frequency domain. This part of derivation is not
included here.

7. Transformation to time domain.

Having the lift deficiency function in the frequency domain, and assuming that the
motion does not differ much from periodic, the calculation of airloads can be transferred to
the time domain, According to (40) only the circulatory part of the lift is considered.

Applying a Laplace transformation to both sides of the second equation in (29) one
obtains
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LAY = 2mp BL{ AN L AN} (42)

or

LAs) = 2mpbXs)Us) (43)

where L(s), Q(s) and C(s) are Laplace transforms of L(t), Q(t) and C(t).
Function C(s) is put in the form

as = A9 (44)

and a new state variable X(s) is defined as

XK = s (45)

Including (44) and (45) in (43) and applying the inverse Laplace transform, the circulatory
lift in time domain is obtained

LAY = 2mp b 1 Hs) X(s)) (46)

Usually, because of the complex form of function C(s), it is difficult to find the inverse
transformation, even for the simple wake pattern assumed here. The expression (44) is then
used to approximate the lift deficiency function with H(s) and K(s) assumed as two
polynomials of the M-th order

M M
Hs) =Y a,s™ K=Y b,s" 47)

=0 nr

Coefficients of these polynomials are determined by the proper approximation of function
C(s) in the frequency domain.
The right hand side of (45) is transformed to the form

: M1
X(9)byrs™ Y b,s™ =QAs) (48)

el

Applying an inverse Laplace transformation to both sides of this equation yields

dM M-1 d
e + ;P +h = (49)
SAOEY by 2 X0 by X = A
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Having solved equation (49), the circulatory component of the lift is calculated as

M-1

Lc(f) = 2wpbh (‘?0_'3M bo)X(t) + Z (‘?nf‘aMbm) Y;"(f)+aﬁ,[0(f) (50)
=1
where
anx
y =42 51
" S (5D

The results of calculations based on the present method are discussed in the following
chapters.

8. Verification of the method.

To verify the method, first the different approximations of lift deficiency function are
investigated. Next the unsteady loads calculated in the time domain are compared with
results obtained by other authors and experiments. Finally the loads for the aerofoil and tab
performing different motions are presented.

8.1. Approximations of Theodorsen function.

The lift deficiency function derived in [4] has the form

Hl (2)( £
HOWR) + i HyP (k)

k) =

The approximations considered here have the form

m=M
Z a S n, a
a S) ~ nrl

1

SM+ Z bm5m+‘30
a=M-1

The coefficients of approximating polynomials up to the third order are given in the
following table:

a4 ) 4 dy b b,
1{16] 0.55 0.15
II 0.5 0.28076 0.01365 0.3455

I [17]  0.50465 04414  0.07566 0.00189 0.08512 0.64750

For these approximations the real and imaginary parts of the lift deficiency function are
compared in Fig.2.
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Fig.2. Comparison of original and approximated lift deficiency functions.

The second and third order approximation gives fairly good agreement with the original
function, especially for the lower reduced frequency range.

8.2. Aerofoil loads.

In this section an aerofoil without a tab is considered.

To check the validity of approximations and the transformation to the time domain, the
amplitude and phase of lift obtained from the third order approximation and original
function is shown in Fig.3 for pitch motion and in Fig.4 for plunge motion. The curves
calculated are practically undistinguishable from those obtained using Theodorsens function.
This confirms the feasibility of this approach. ‘

1.0 ~ 30~
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a. 4 u 104
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~ : -
06 T T T T T T T 1 "‘?O T 1 T T T T T 1
¢.0 0.1 Q.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4
0.15 = ,_>300*
ul .
§ 3290'
g 0.10 - W)
;_ 1 2280—/
& . = .
5005 ¥ 270+
= . 2 |
. e e e s s e e T 9 260 +———rmm——— 1 K
0 OOO.D 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4

Fig.3. Calculated amplitude and phase for lift and moment on aerofoil.
Pitch motion. Third order approximation of Theodorsen function.
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Fig.4. Calculated amplitude and phase for lift and moment on aerofoil.
Plunge motion. Third order approximation of Theodorsen function.

Lift and moment calculated for aerofoil motion are compared with the experimental
data for NACA 23010 aerofoil [18] for pitch motion in Fig.5 and for plunge motion in
Fig.6.

CL C]d
. 0.06 7
0.6 Model e ]

O 4 e vene Test ‘

02 1777 Static ’ 0.02 I )
0.0 - —0.02 + =
0.2 7 —0.06 -
—0.4+ .

Iy

— - . ; om  —0.10 - : : o)
0880 20 20 60"’ 6.0 -20 20 60

Fig.5. Comparison of calculated lift and moment with experimental data for NACA 23010 aerofoil.
Pitch motion, k=0.125, Ma=0.4. Third order approximation of Theodorsen function.

In both cases lift hysteresis is less intensive for the calculated results. The lift curve slope
-of the calculated results is the same as that obtained from experiment data for the pitch
case and differs slightly for the pure plunge case. This suggests, that the lift deficiency
function for plunge motion should be slightly different, than for aerofoil pitch. Taking into
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Fig.6. Comparison of calculated lift and moment with experimental data for NACA 23010 aerofoil.
Plunge motion, k=0.129, Ma=0.4. Third order approximation of Theodorsen function.

account that in the calculations the lift curve slope is taken as 2, the agreement with
experiment is fairly good.

1.5 —?L Model . 0.06 —?“ .

1.3 oo vse Test . 0.04

11 1~ - Static 0'02:

0.9 . 0.00 4

0.7 - ~0.02 1

0.5 ~ ~0.04 -

03 F“ 578 15 12 1450 0TI T T T 1 1A

Fig.7. Comparison of calculated lift and moment with experimental data for NACA 0012 aerofoil.
Plunge motion, k=0.2, Ma=0.3. Third order approximation of Theodorsen function.

A similar comparison for the NACA 0012 aerofoil with the results presented in [19] is
shown in Fig.7.

C

1.4 Joo. appro. | 0.05 S
1.7~ eppro. ”I y

1.2 jm g?\lpErgA model 0.03 i

1.0 1 0,01 A

0.8 -0.01 T

0.6 - —0.03 -

0.4 T T T ¥ T O( ""D.GS H T T T T
5086 7 & 11 130 A R R A

Fig.8. Comparison with ONERA model for different approximations of lift deficiency function.
Pitch motion, k=0.15. '

In Fig.8 the comparison of lift and moment with results from the ONERA model
modified in [13] is shown for all three aproximations of the lift deficiency function. The
second and third order approximation of lift deficiency function gives the most intensive

hysteresis.
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8.3. Aerofoil with tab.

There are few experimental data relating to aerofoils with tabs, which can be used for
comparison purposes. Considerable experimental evaluation performed by the NLR
concerns mainly higher Mach numbers and frequencies.

In Fig.9. the effects of the influence of reduced frequency for an aerofoil with
deflecting tab is presented as functions of angle of attack and time. The trend shown is in
good agreement with [18].

0.3 5t K001 0.3
— — k=0.2
iy )
0.1 oerems static 0.1
~0.1 ~0.1
A
~-0.3

'|-|—ril1—l|f|6(") -0.3
-6 —4 -2 0 Z 4 6

Fig.9. Calculated lift on fixed aerofoil with oscilating tab for different reduced frequencies.
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0.2 007
: ~0.1 4
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—0.2 -
-0.6 - i
o & =5%in(wt) —0.57
R T T T T T T (X “-‘0.4 T T T T T T
5 e Th TR T O PP T T I S

Fig.10. Calculated loads on aerofoil with tab oscillating with the same frequencies.

The results of calculations for Theodorsen’s case, i.e. an aerofoil with tab oscillating
with the same frequencies, are shown in Fig.10. The results are exactly the same as those
obtained from the original expressions [4].

In Fig.11 the results of calculations according to the present theory and the modified
ONERA model [13] are compared. The aerofoil is performing pitch oscillations and the tab
deflection amplitude is +10°. For the lower aerofoil and tab frequency ratios, both methods
predict qualitatively the same load changes. At higher aerofoil and tab frequency ratios, the
present model gives the more reliable results, as the changes of aerofoil loads are more in
accord with the ratio of aerofoil/tab frequencies.

The tab motion changes the arnount of energy involved in the aerofoil motion, which
manifests itself by the differently shaped hysteresis loops. This could influence the blade
aeroelastic behaviour and possibly lead to a tab induced type of blade instability.

34~16



Model
— —— ONERA

3 af°)

,éwﬁ

-8 24 20 2 4

Fig.11. Comparison of calculated aerofoil loads with modified ONERA model
for pitching aerofoil and oscillating tab. Amplitude of tab motion £10°.
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Conclusions,

The 2D aerofoil theory for incompressible, inviscid flow is extended to the case of
aribtrary aerofoil/ftab motion and varying free stream velocity. The expressions for
calculating lift and moment have general form and are valid for arbitrary wake shape. The
obtained formulae are easily programmed, as the same expressions are valid for aerofoil
and tab the only difference being in the velocity expressions involved.

The theory is validated using the classical Theodorsen case and compared with
experimental data. For this case the transformation to the time domain is performed using a
Laplace transformation for approximation of the lift deficiency function.

The influence of mutually different aerofoil and tab frequencies on aerodynamic loads
is presented.
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