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WIRE SUSPENSIONS IN WIND TUNNEL EXPERIMENTS. *

By Jean Kerneis.

For a long time there was accorded, in France, but little
credit to the results of wind tunnel experiments. This dis-
trust, though exaggerated, was not entirely unfounded. No ac-
cord was possible between the different laboratories, since
the polers varied, if not with the time, at least with the
balance used. We cannot, however, disavow the services ren-
dered by these early experiments, notwithstanding their inac-
curacy. From the comparative viewpoint, even inaccurate ox-
periments may give valuable results, render it possible to
clear up o problem and indicate the way to follow, but their
comparison requires a perfect knowledge of the experimental
conditions and is practically impossible between different
laboratorics. It is, moreover, very hazardous toc make assump-
tions on the constancy or the mode of variation of an grror,
when its value und cven its causcs are not known. The present
status of expcrimental acrodynanmics requires, moreover, a
closer approximation, while tne cstablishment of a project de-

ands absolute accuracy for a good prevision of the performances.

Our laboratories are trying to attain this accuracy. Certainly

the coefficient of similitude Vi/u 1is far from being rcached
* From "L'Acrophile," Scptember 1-15, 1935, pp. 267-273.
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hardly probable that it ever will be. Thc size
airplanecs are increased much more rapidly then
of wind tunnels or the power of their motors.
this, however, is not so great as has been as-
bad repute is due in part to the imputation to
y resulting from totally different causcs.
of important errors have been gradually elimi-
we may now consider as exact the experimental results
in our laboratories.

elimination of the rigid supports for the models and

L

their replacement by wires constitute a great improvement by

rendering negligible the interactions of the support, phenome-
na of a very complex aerodynamic order which introduce errors
often large and always impossible to evaluate. The use of a
balance with wires has, however, certain disadvantages. The
aerodynamic resistance of the wires is always very large and
their use is rather difficult because the whole suspension
lacks rigidity and easily becomes distorted. We will here in-
vestigate the nature of these distortions, evaluate the crrors
they entail and describe the methods for taking account of or
avoiding them.

Naturec of the Distortions

We will briefly explain the principle of the wire balance

s \ N - . . s 1
g. 1)« The model is inverted and suspended by two systems

of vertical wires a, and a, to the 1ift balances B, and B, .
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7 a system of horizontal wires Cos 8

and a vertical wire a, attached

a, and a or the horizontality of C;+ The

distortions may be due either to pcor initial adjustment or

to th of the wires by the aerodynamic stresses.

Lack of Verticality of 8y

adjustment of balance.- We will Suppose that as a

poor adjustment

a, and a,

Y L) 4 3 -
N the vertical

being at O

respectively occupying the

2s P b'y, etec., the vertical

the wires at',, b!

wecight of the moc.cl,

cquilibrium of the system before

pb', + pbtz = 0.

'b!z L O.

rodynanic forces P anc

which are offset by variations sion of &ty Fak
el \ 7¢ ~ 1 niat

3 LCt B a 1 D'o, 15 (_1'3 e._iid. t'C’3
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curately reasured on

+ al
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<

_pa‘g>—}-pa1'+:sa2
In this case,

the model are

is proportional to the d
here the inverse magnitude of 2
KT <P - D 2‘] + I 8‘2): i-C-,

(P+pa, +pa;)s The recoil

it is often quite important, due to the

erToT in 5% for great lifts.

error may similtaneocusly and it

tions with precision

they introduce.

tions, cither by improving

possible to avoid these

adjusting mechanism

ancec or by diminishing the st n the system of

or by inventing special indcformable combinations.

method is hardly compatible with the sizc of the wind tunncls,

the difficulty of establishing precise and oractical adjusting

devices, light and 1little resistant to the wind, and especially
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with the flexibility of experimentation required in the labora-

. e R e
g harc ©o

torics., As the wire, this 1:

~econcile with thec ne reducing to the minimum

crable drag of the suspension wire
may Be, the whole mechanism rust be studicd
bject of reducing the distcrtions as much as possi-

We call especial attention to the mat y dynamon-

t is practically impossible

.

Horizontality of G,

o a poor adjustment of the balance

47

This lack may be cdue

to an elastic distortion consisting of a vertical displace-

or

ment of O wunder the action of the 1ift (Fig. 4).

On » ceding as before, by double projection,
T tanB, for faulty
W P (T + t b,) for clastic distortion,

possibility of a combination of thege two errors.

which is negligible in th linary .se of air-

with

ction a ), and ikewise revecals

couble projc B

in drag equal to T tanB for faulty adjustment and

w3 A
wrLilci

+ %t b,) tarf for clastic distortion. This error,

zoncrally negligible, decpends, hovever, on tang,
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following equation

+ p':""|1 + D'a'g -+ p ’011 4 p 'b!z
P 1t +1al - 1 ! 4+ 1
L t+ t Ug s t'a 1 4 t a 2 ge v b 1 +

subtraction:

3 (T)"'

Je (41 !

l(u C3

On the other hand, the equilibrium cquations of the balance,

before and during the wind, give, by subtraction, th following
equations (on replacing a's by C's due to the wire being at

an angle of 45°):

J(tc»'a‘l Cpat) s (platy ~p a% ) riltiel, ~ % ESEE Bp el

\ \
[{tlary - t o'yl * (t'aly - T aly )l H 150y L oly) Fin=0

(4)

From equa’tlons‘ 3 N 4) we Ob‘tftin:
Jl) l.;: e
L2) = P + (t'cly = t c's)

acftraty g all)
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For the 1ift, the error is (t'a'; - t a'y;) + (t'alz = % ab)
a value vhich we have szen to be equal to P tang, OT & relative
tana. This error can never amount %o 1% and is negli-

2ll cases.

2) Perfect initial adjustment. Effect of elongation of

the wirecs.— Proceeding as above, We obtain, for the model, the

following equations:

ipta’ ' « P &)

(t ¢'sg - t c3)
and for the balance:

\
(pa'y —pea) +0

t a A TR T

On combining these ecgquatl as above, we obtain, for the drag,

an error equal to

t by, +(tDb', -t

This error depends cntiroly on the tension of "By end b,
i.e., on the value of the uvper counternoiscs, which arc.con—
stont not only during thc same test, but during a whole series
of tests. If b, were vertical, we would have, as error,

(p Byt p bz) tana and, on assuming tana = KT, the relative
error becomes (p by + P b2) X, which is the relative error of

the independent and therefore constent 1ift.
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the equation P =

equal to

p bs) tana

tana always being very smal

The absolute error (§+22,%Z ;) tana 1is, in normal case
of the order of the scnsitivity of the 1ift balance. In cer
tain special cases, in testing hulls, for example, it is im-

e A ~ 3 2 a4 = 14
it 0 take it into accounte.

£

Lack of Horizontality of G

equations of equilibrium show. that the errors in
are the same as with the old balance
mist be taken. In this case, how-
s 1s clearly defined DY
no longer possible to operate with diifer

according to the cases. This congideration rust

choice of the dimensions of the cdrag parallelograni.

and Disadvantages of this Balance

are independent of the 1lift.. They are

~
5

very simply and rapidly by a static cal

2L )
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pration, vhich can be made for several values of the arag.

The 1ift errors, which are negligible in the ordinary
cases of airfoils, are no longer so in thofase of tests where
the 1lift is small in comparison with the counterpoises and
drage

The cisposition of the balance, from the very fact of its
principle, rcnders impossible thc integral calibration rcferred
to above. We must bear in mind that this calibration is of

value only in soc far as it does not risk the introduction of

new errors which might cxcccd or simply equal the errors it

ig desired to eliminate. A very thorough investigation of
thig mattcr should bc made and we should endeavor to find some

simplec device which would be casy to adjust and control.
Conclusions

The vroblem is too complex for us %o be able to say which
is the better solution: the balance of the Saint Cyr type,
which is very practical in certain cases but not in other
cascs, or the old method of suspension with its indispensable
calibration. We have here simply tried to show the great im-
portance which the errors inhercnt in wire suspensions may
assume.

Of course the valuc of a balance depends on the possibil-
ity and the facility of eliminating the errors, but this is

not the only consideration. All the questions of pendularity,
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