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A Note on the Theory of the Wind Tunnel Interference

By

Busuke HupimoTo
Department of Applied Physics

(Received October, 1952)

The problem of the wind tunnel interference has long been studied and
not a little is known about it?’. But recently, many experiments are made on
the wing cascade, using a special kind of wind tunnels. And to »obtain charac-
teristics of the wing cascade, it is necessary to make corrections as to the
theory of interference of these wind tunnels. In this peper, I have explained a
fundamental theory based on the well-known method of correction, and then
made a comparison with experimental results.

1. Theory

We assume, in this theory, a two-dimensional flow of inviscid fluid and
will explain in the first place, the wind tunnel interference in the case of a
boundary partly composed of solid walls and partly of free jet as shown in Fig. 1.
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Let the velocity of the flow far ahead of the aerofoil be ¥V, and the breadth
of the wind tunnel be b. Take x-axis along the tunnel axis bisecting the dis-
tance between the two solid walls and y-axis through the two edges of the
solid walls, and assume that the aerofoil is situated at x, and is expressed by
a vortex of circulation 7°. To satisfy the boundary conditions, parallel and half-
infinite solid planes passing through y=—g~+nb, (n=1, £2, £3,...... ) and a row
of vortices situated at x=x, y=#nb, (#=%1, +2, +£3,.... ), together with a
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flow due to these vortices are also to be considered. But the deflection of the
free jet caused by the aerofoil is assumed to be very small.

Let z=x+7y and {=§+1i%; z-plane is transformed into {-plane by the fol-
lowing relation:

b

TN P
= 5 log5-({-2+5). (1>

¢

By this relation, the solid wall is transformed into a unit circle on {-plane
and point z=x, corresponds to point {=§,.
Then, the complex velocity potential of the flow can by given by

F(z) =Vz+Fi(2),

(2)
Fy(©) =L 108 (¢~ e(,)-llog(c —>+’P*1ogc

Circulation I", is here added to avoid the infinite velocity at the edges of the
solid walls, which is determined by the condition that the velocity at A on the
{-plane is zero, i.e.,

6
Ie= 5:+1 3

In the existence of solid walls, the velocity induced by the vortices except

the one at z=x, is given by the following relation ;

dF(2)_dF(2) i’ 1

dz dz 271' —Xo .

and in the neighbourhood of z=x%,,

‘% = fl( o>+2271; foxo)dz+.....n.. ’ (4>
where dz=2—x,,

1 2¢
fl(xo) 2 (80':1)2’

_ 1 &1 (§-1%, &4-3
Sfo( %) = EGES), (50+1>s+(50+1)4°
Considering the case when the flat plate of chord length ¢ is placed at an
angle of incidence ¢« with the x-axis, the aerofoil is replaced by two vortices,
one with circulation I"; at the ¢/4-point, and the other with circulation I, at
the mid-chord point. Let the positions of these two vortices be x; and x;

respectively (xz—x1=%), the velocity components %, and », at the mid-chord
point along the chord and normal to it, and %, and »;, the gradients of these
velocity components, are as follows: i
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=V cos a+ %fl (x1)sina+ I—g;)—%cfz(xl) sin ¢+ %fl(xz) sing,

=Vsing-— &f1(x1) cos “—I;;gcfz(m) cos a—&fl(xz) cosa, - - (5)
F72% —Plznfz(x1> sin a+ sz f2(x2) sin »
v = F127rf2(x1) cos a— sz fo(x2)cosa.

The circulation I around a flat plate in an unlimited uniform flow is
I'o =krc V sing,
where theoretically 2=1, and, in the real fluid, k<1.
In the present case, the magnitude of circulation /", is determined by #,
and I3 by v, viz. I=krcvy, and Fz=7];—knczvl ,
I"=F1+I'2=kn:c(vo+%vl). (6)

Hence, neglecting small quantities,

krcV sin a[ _%(5_0)21,2(’:1)]
= U3 k [rC (7)
1+k;f1(x1)+—(—) fz(x1)
and the lift L and the drag D are;
L=oVI, (8)

D= P'g[Plfl(x1> + 2 fi(x)] + pl_'1pzé%g[fz(x1)—fz(x2)] .

In a special case when x;=x;=—o0 i.e. when the aerofoil is placed between
two solid walls, f1=0, ;= ~L and

24’
L_ 1
=

Ly being the lift of an aerofoil in an unlimited uniform flow. And when
X1=%2==00 i.e. .in the case of a free jet, /A =%, fz=%, hence,

L 1 D_r
Lo 14 k (n0)+ fz(nC) * L2V

When the exit edges of the upper and lower solid walls are not even with
each other in the direction of x-axis, somewhat different conformal transfor-
mation is to be applied.
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The case as shown in Fig. 3

, ¥ z yt 4
will be explained here hriefly. The Alr,
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respectively, as shown in Fig. 3 (a) ()
(a). Though, in this figure, a vor- g ) r 7. r"
tex is placed at origin, the treat- 6T 1 8y -:'9 @,
i . q -q
ment applies to the vortex at any B Kf/b - /52/\5’\
position. The flow in z-plane can "~ 5 < ;
be treated, as before, by consid- % Af;) I}'\\\Bl
ering a row of half infinite plates (3 (d)
and a row of vortices as shown in Fig. 3

Fig. 3 (b). z-plane is transformed into {-plane by the following relations:
2
=’b—10gC1: $o=Ct+im, C2‘~=C‘g“,
2 ‘ ¢
b . a?
=2 —im— LY. 9
o log (¢—im : D (9>
For point A,
Gia=74%, logr, = —*g“tanfy 0‘4:"72:‘,
and for point B, ’

Cip=756%5, logr, = 12r~tanr, Oz = — -
and ‘

a= 4(74+r3)— 1 cosh( ~tany),

m = éﬁ(rA—rB) = sinh(g—tan 7).
The complex velocity potential of the flow is

. , F(z) =Vz+Fi(2),
C—Co)X&+80) 2T q .. .6
Fi(&) = 271_ géci—‘f(?:) : log &— logc+c

(10)

where &, is the point vcorresponding to O on z-plane, 7, the conjugate complex
of &y, ¢ the value of ¢ at point E; corresponding to x=—co on z-plane and &,
the conjugate complex of &,.

The values of I, and g are determined by the conditions that the velocities
at A and B are not infinite. Generally, the value of g is not zero and hence,
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the velocity at x=—o0 is V -% , while at ¥=00 the velocity of free jet is equal
toV.
Procedure of the further calculation is the same as in the previous case.
In the aerodynamic research of the wing cascade, such wind tunnels as
shown in Fig. 4 are most widely used. Prof. G. Kamimoto? applied the present
method of calculation to this type of wind tunnels, replacing each aerofoil with
single vortex, and the result thereby obtained is
reproduced in Fig. 5. In this figure C; indicates
the lift coefficient measured by the wind tunnel, —
Cr. the corresponding lift coefficient of the wing - —
—-—
—_—
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2. - Experiment

To test the validity of the above-mentioned theory, an experiment was
made. We used a tiny wind tunnel of Gottingen type with square working

L ”s N

Fig. 6
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section of 20cmx20cm. The experimental section is attached to the entrance
cone or nozzle C of the wind tunnel as shown in Fig. 6. This experimental
section consists of two vertical plates S; and S, and two horizontal plates T
and Ty. A is an aerofoil of 75 mm chord length and P is a Pitot tube. The
experimental section has a length of 80cm and the mid-chord point of the
aerofoil is placed at 40 cm from its entrance. The lengths of the plates T,
and T» were changed, unlike those of the plates S; and S, which were kept
the same throughout the experiment.

The lift experienced by the aerofoil was estimated from the measured pres-
sure distribution on the aerofoil. This method had to be applied owing to the
lack of a balance, and accordingly the accuracy in the measurement of the lift
had somewhat suffered.

Fig. 7 shows the measured value of lift coefficient C,, « being the angle
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of incidence. Experiment No. 1 deals .2 e
-

with a case when the lengths of the G| - o /
plates Ty and T, are 80cm, i. e. the *° ' //

case of a closed type wind tunnel.

08 e

Experiment No. 2 treats of a case when
the lengths of plates T, and T, are o6 . /"y
40cm each and the mid-chord point ‘V
of the aerofoil is at the exit of the **
closed tunnel. The case of a free jet 02
is seen in Experiment No. 3, and Ex- J/
periment No. 4 concerns a case when 0 G —s—— Qi v & g &
the exit of the tunnel is cut at an Fig. 8

i
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angle of 45° and the c/4 —point of the aerofoil is placed at the exit of the tunnel.
Reynolds number is R=Tiycz105, v being the kinematic coefficient of viscosity.
In these cases the theoretical values of C;/C,o, where C, is the lift coefficient
in a two-dimensional unlimited flow, are as follows:

Experiment No. 1 No. 2 No. 3 No. 4
C;/Cro 1.052 0.816 0.610 0.920
The value of k is set at 0.86, which is determined by an experiment made by
means of a much larger wind tunnel.

These experimental results are then corrected to the 'case of a two-dimen-
sional unlimited flow and shown in Fig. 8. The points lie almost on a single
curve. The line in this figure shows the value of a two-dimensional flow in
a larger wind-tunnel. The value of ¢/b in this experiment is a little too large
to apply the present theory. Yet from this experimental result, we may con-
clude that the theory is satisfagtory.

Figs. 9 and 10 show the pressure difference between the upper and lower
plates, T, and T;. Fig. 9 shows Experiment No. 1 in which C;=1.06, and
Fig. 10 No. 2, when C;=0.80, the abscissae being x/b (see Fig. 1). In these
figures, the theoretical values are also shown. '
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Fig. 11 shows the boundary y : e
of a jet when C;=0.66. The points :5 o= —'=’:—»""‘:-:://
show the positions where veloc-
ities are 0.5V. The full lines show z
the theoretically calculated jet ’; BT 3 L2
boundary. The broken lines in
this figure are obtained as the ) ‘/__:_f:;_:

locus of 0.5V points when the -_,.Q,E‘lv e o
estimation of the points are made ’ Fig. 11



8 : _ BUSUKE HUDIMOTO

according 1o the theory of Tollmien®, taking into account of the possible
spreading out of the jet boundary by turbulence.

Cbnclusion
In this paper, I have at first treated theoretically the interference effect of
a wind tunnel partly composed of solid walls and partly of free boundary of
a two-dimensional flow and then compared it with the experimental results.
Coincidence between them is fairly perfect and it seems that this method can
be extended to the wind tunnel interference of the wing cascade test.
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