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SUMMARY

Low speed wind tunnel tests, aimed mainly at finding certain lateral
aerodynamic stability derivatives, were carried out on a rigid 1/80th scale
model of a 70600 cu % kite balloon. The 1ift, drag and pitching mcment,
and the variation with angle of sideslip of the static values of side {crce
and yawing moment, were found. In dynamic tests, the aerodynamic damping
of free oscillations in yaw was measured about three separate axes of
rctation. From these measurements the [ollowing combinations of stability

derivatives were found: (nr - n%), (n, - Yo + yr) nd y o Results were

obtained for the model at zere incidence, with the fins in place and with

them removed,

Replaces R.AB. Techs Note Nos Aer0e2799 = AsRe G 23,692,
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1 INTRODUCTION

The use of kite ballcons as steady platforms in the sky has hitherio not
been possible, since existing types suffer from large scale wander. For
example, the 19150 cu f1 ballocn of Relf.1 on a cable length of 920 f't, had a
lateral wander over a distance cf 500 ft, and lateral velocities of 70k «
the wind speed were measured.

Regardless of whether balloons could ever be developed which could fly
effectively motionlessly with respect to the ground in an atmosphere which is
never at rest, it was felt that there was rcom for imprevement in balloen
design to achieve morc stable flight. For lateral dynamic stability analysis
of kite balloonsz, values of lateral aerodynamic stability derivatives were
required, and the main purpese of the low speed tummel tests was to obtain
these and to assess the respective contributions of the body and fins to them.

2 DESCRIPTION OF THE TESTS

The model was a 1/80th scale model of a 70600 cu 't kite balloon. It
was constructed of pine and had bolsa fins, and was therefcre effectively
rigid, The surface was roughened all cver with carborundum dust tc ensure
early and complete transition. The model was made so that it could be fitted
to the dynamic test rig at three separate positions. Leading dimensions and
the positicns of the axes of rotation are shcown in Fig.2.

A diagram of the dynamic test rig eppears in Pigel. The model is
mounted on the end of a shaft, which is supported on cross spring pivots and
has its axis normal tc the stream. The shal't projects through the tunnel
wall, and outside the tunnel a transverse rocking beam is rigidly attached to
it; this beam is elastically ccnstrained by coil springs attached by fine
wires to its ends. The aims in designing this rig were that the moticn of the
model. should accurately be rotaticnal yawing abeout a fixed axis, that the
elastic constraint te this rotation should not vary with load, and that the
rig demping sheould be small and repeatsable.

Strain gauge balance measurements of rather poor accuracy were made of
the forces and moments on the complete balloon model. Cf these, the 1ift,
drag and pitching moment at zero sideslip are shown in Figsh. The dynamic
test rig was used statically to neasure the variation of yawing moment with
sideslip about the twe extreme axis positions (axes 1 and 3) at zero inciderce.
This was done for bothi the complete ballecon medel and the medel with fins
removed, and the results are shown in I'ige5. The variation of side force with
sideslip was inferred from these results, and plotted in Fig,6.

The dynanic tests consisted of measuring the rate of decay of free
oscillations., There was a capacitor type transduccr for measuring the
angular displacement, and rccords of the decaying oscillations were made on
paper using a galvanometer recorder. The aercdynamic demping in yaw was
found about the threce separate axes.

With reference to Fige3, if the model is cscillating in yaw sbeout a
fixed axis A a distancc x, af't of the origin O, tc which the motion, forces,
moments and stability derivatives arc referred, lhen the equation of motion
cf the [ree oscillations is:-



(I—N;l})i}»f(o'—N‘lf)im»(K-Nw)qf = 0 (1)

where I = moment of inertia of model and moving parts of rig
about A
0 = rotary damping factor of the rig

K = rotary stiffness of the rig

The expressions for the aerodynamic moment derivatives appearing
in (1), as derived in the appendix, are:-

Npo= NMpokxy Ypowxy (Npowxy L) (2)
R N S A N ©)
le = - U(NV + Xy YV) . )

For this rig, i\T'q‘[ and N ¥ are very small compored with I and K,

respectively. This means that the chonge in frequency of the free
oscillations between wind-off and wind-on conditicns is too small for
anything useful to be deduced from it., In any case, therc is a
fundamental indeterminacy in such frequency measurements, since the
change depends on both N&/K and N&/I. In this experiment, it is only

the aerodynamic damping which has been found.

The dimensional formula for the aerodynamic damping derivative 1@
can be rewritten:

N‘If = Nr-UN‘.J_

Y. (5)

v

=)

+ XA(NV +Y,-T )+ x

Y,
v

Non-dimensionalising, by dividing through by pUS&z, we obtain

2

X, xﬁf&
nif = n, -n, + fz-(nv * V. yﬁ) + <7?) Yy o (6)

Thus in principle, for lateral motion which is adequately described
by these linear equations, a knowledge of the aerodynamic damming about
three separate axes means that a "damping parabela" may be plotted, the
coefficients of which are the following groups of stability derivatives
(nr - n%),(nv + Y - y%) and Ve Damping parabolas for the model with

and without fins have been plotted in Fig.7.

3 DISCUSSICN OF RESULTS

In considering the results of these tests, insofar as they apply to
full scale kite balloons, the following limitations should be borne
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in mind. The model was rigid, and the scale and hence Reynolds nunber was
very small., However, for the dynamic tests, the frequency parameters were
chosen to be of the same order as those of the observed motions of full
sized kite balloons. No correction has been made for tunnel blockage or the
interference of the shaft and its falring.

From Fige6, it can be seen that the presence of the fins is responsible
for the major part of the side force on the complete model. The centre of
pressure of the static side forces on the complete model is Oy £ aft of the
nose, whilst for the body of revolution with fins removed, the centre of
pressure is 0,08 £ ahead of the nose.

The important results of the dynamic tests are summarised in the graph
of Fige7. The graph shows two damping parsbolas, one for the complecte model,
and the other for the model withecut fins. The aerodynamic damping of the
model without fins was only a small proporticn of the damping of the camplete
model, Tests were carried out at zero incidence for two not very different
frequency parameters (the same physical frequency of asbout 3 cepsse and two
wind speeds U = 60 ft/sec and U = 100 ft/sec): the variation of the dampings
between these two frequency parameters was barely distinguishable from the
experimental scatter, so that the damping parabolas were plotted using average
values of the damping.

An interesting feature of Fige7 is that the minimum values of the
damping derivative ny are close to zero, Tor both the complete model and the
bedy of revolution with fins removed, The minima occur at x/4 = 0,9 for the
complete modcl, and at x/4 = 046 for the model without fins, There is at
present no theoretical treatment which predicts this result. From the point
of view of balloon stability, it is the values of the aercdynamic damping
about the centre of gravity or the point of cable attachment, which are
significant, and these will undoubtedly be positive,

Note that the only single derivative found from the dynamic tests is N
and one can compare this directly with the static value.

Yy (static) = = 143 Ty (dynamic) = = 1404

The large lack of correspondence between these values is probably mainly due
to the poor accuracy of inferring a value of Yy from the damping measurements
about the three axes of the tests,
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APPEIDIX
EXPRESSION FOR T ATRCDY. UL IC YAVLNG MOMENT VI U1E LOIEL IS
ROTATED Au0Uy DIFIUREIT AVGS

Referring to Fige3, the medel is in retation about a fixed axis A,

3

a distance Xy aft of the origin 0, to which the motion, forces, moments and

stability derivatives are referred. The model is at an angular displacement V.

For § small, the motion of O is defined by:

}:AIT! - Uy (7)

<
]

V. (8)

r

il

The aerodynamic moment about A is:

N, = Na+x,Y (9)

N = N v+, vall v+, T
v v r r
(10)
¥ = ¥ v+le v+l r+¥Y T,
v v T T J
Therelore
7 = 17e T v I r (1 3 T
N, = (NV + Xy Yv) v o+ (T 4 X, f{r)v—;- (ur + Xy Yr)x +(Ji‘ + Xy fi') T

1

T - T T R
(1\V + %, Yv) (xA Vo= UY) + (l\ﬁ- + X, Y\.’) (xA § o= UY)

- -~ 4 - =r ."
+ <Nr + %, ir) Yo+ (Ni + %, 1:2-) U

it

- [0, ey T D (0 + xy X)) = UQT, + 2y To) o+ (I +x, 7)1

.
v

+ [}"A (Nx'r + %y 1{,)+ (M, + xy Yi')] VN (11)

and the relationships (2, 3, ) of section 2 follow.

The sbeve derivation is similar to that given by Neumark and Thorpe3
for longitudinal symmetric moticn.

W.T.2078 C.P.6U3 K3. Printed in England.
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