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NATIONAL ADVISORY COMMITTEE FOR AEROJAUTICS.
TECHNICAL NOTE NO. 254.

METHOD OF CORRECTING WIND TUNNEL DiTA FOR
OMITTED PARTS OF AIRPLANE MODELS.

By R. H. Smith.

Models of airplanes are now widely used in wind tunnels
to obtain results from wihich the performance and stability of
the full scale airplanes are predicted. The wind tunnel model,
however, does not have complete mechanical similarity to the
full scale airplane. Part of the dissimilarity is due to the
difference between the stationary model in the artificial wind
stream of the tunnel and the moving airplane in still air, in
that the former system can be brought into equilibrium by the
application of forces and moments external to the model wind
system while the latter system can not. As a consequence, the
wind tunnel model may have any weight or centroid location con-
sistent with the capacity of the wind tunnel balance to bring
it into equilibrium at the desired attitudes to the wind.
Therefore the only similarity required between the full scale
airplane and the model is geometric similarity or similarity
of external form.

Further, departures are made from exact geometric simili-
tude in those models which are fo be tested in atmospheric tun-
nels, for the purpose of obtaining empirically the equivalent

of dynamic similitude and thus of escaping the experimental dif-




N.A.C<A+ Technical Note No. 254 3

ficulties of scale effects. While it may be shown that exact
aynamic similitude is obtained, and that the difficulties thLeo-
retically disappear, if the model VI/v ig the same as that of
the full scale airplane, malking the predictlion of T3 £1lght
performance from tests on geometrically similar mocdels scientif-
ically exact, the practical difficulties of constructing such
models and testing them at such high values of Vi/v are great.
Actually, predictions which are sufficiently precise for engi-
neering purposes, can be made on tests run on models, geomet-
rically similar to full scale, at values of VI/Y much below
the full flight value and almost within the upper 1limit of the
larger and more powerful atmospheric tunnels now in use. How-
€ver, for further reductions of the VI/® of the model test,
prediction becomes increasingly tad due to scale effects until
at the moderate spesds of the larger tunnsls only stalling
speeds and stability can be safely predicted from‘geometrioally
similar models. Rather than to strive toward the higher values
of Vi/v for the purpose of escaping scale effects, it is much
more practical and economical for atmospheric tunnels to use a
considerably lower value of Vi/v and to depart from geometric
similitude in such a wvay as to evade the soaie effects of some
parts and to cause the scale effects of others to be cenceled
by the aercdynamic effects of the departure. In thisg artificial
way the equivalent of dynamical similitude is secured with the

result that data, practically free of scale effects, are obtained
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on simplified models tested at moderate air spceds and at atmos-
pheric pressure. The successful and economical prediction of
full scale airplane performance from atmospheric tunnel tests
Tests upon the fact that this can be done for a wide range of
types and over a wide range of V1 ratios between model test
and Tull flight.

Airplane models for tests in atmospheric wind tunnels are
therefore made with two ends in &iew. The first is to provide
a modified model whose wind tunnel forces and rmoments are prac-
tically free of scale effects; that is, whose forces can be con-
verted to full scale according to the squares of the linear scale
and air speed and moments according to the cube of the linear
scale and the square of the air spzed. The second end in view
1s, since exact geometric similitude is to be departed from, to
provide a model as simple as possible for reasons of accuracy
and economy in both testing and constructing. For these two rea-
sons one omits from the model all minor parts of the full scale
airplane, such as struts, wires, fittings, control horns and
other parts, whose scale corrections are large. The resistance
and moments of these omitted parts can be computed from tests
made on them separately at aporoximately full flight VI/v and
added, since the presence of such parts on the airplane adds only
their own resistances as separately determined. On the other
hand, one includes in the model all those parts of the full scale

design where presence causes mutual interference between them—
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selves and other parts of the mcdel and therefore adds forces
and moments waich arc diffsien

Beparateiy. DBesidez the principle paitsief the alroiang, the

wings, body, tail group, and landing gear, such paris are engine

7

cylinders, windchields or guns on fuselages, radiators between

the wings and nacellcs or cockpits on the wings.

By omitting the minor parte of the airvlane in the wind tun-
nel model end adding to the forces and mouents of the modol
those of these cmittod parts measured full scale and propcerly re-
duced, the scale effects of such parts disappear from the rode
data. There remain, however, the scale corrections on the major
parts of the airplane which arc known to be large, particularly
for the wings and fuselage. Except for compensating effeots,
thece corrections would rcnder prediction of full scale perform-
ance from model tests in atmospheric tunnels difficult. Fortu-
nately, the acrodynamic cffects of omitting the propeller and of
making the model surfacc as smooth as possible, two further de-
partures from geometric similitude between model and full scale
that add considerably to the accuracy ~nd economy of model tests,
combine to cancel the scale effects of the major parts. Experi-
ment on both full scale and model, thus simplified, hos shown
that the mutual effcct of the propeller and fuselage, thc effects
of the slip stream, the difference in the surface roughness of
the airplane and its modcl and the scale effects of the major
parts consistently disappeer from the performance by mutual nul-

lification when the model and full flight performances are com-




N.A.C°A° Technical Note No. 2354 5

pared. It is rarely that any individual item of performance,

such as landing speed, maximum speed, climb or stability, is found

to be effected by these correcticns beyond the precision of the
e tlioht teste.

In practice, therefore, airplane wind tunnel models for
tests in atmosplieric tunnels are composed of the mutuslly inter-
fering parts except the propeller, in their correct relative po-
sitions but trussed together with substitute struts whose effects
on the forces and moments of the rest of the model, called the
"remnant" or "residual" model, can be determined and deducted.
In practice such struts are made as simple as possible, usually
they are of 3/32" diameter cylindrical brase wire, cross braced
along the wind where necessary for rigidity, and located with-
out referencc to the design strut positions or attitudes. Their
effect is determined from two tests, one made with the model
fitted with duplicate or dvmmy struts, the other made without
them. The dummies are spaced about ten diameters to one side of
the permanent ones, at the same altitude to the wind and in mod-
el positions as nearly similar as possible. The difference in
the forces and moments of the two tests is taken as the strut
effect. The forces and moments of the single strut test minus
the strut effect gives the forces and moments on the remnant
model.

The forces and moments of the double-strut model, single-

strut model and the residual model (Fig. 1) are given in Columns
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1, 8 and 4, respectively, of Table I. Column 3 gives the strut
effect.

Two ways are open for obtaining the forces and moments on
the complete airplane at full scale from the forces and moments

on its remnant model, and the forces and moments of the various

Comitted parts determined separately. The forces and moments on

the remnant model may be sealed up to full scale VI according
to the square of the speed and the square or cube of the scale,
respectively, and those of the omitted parts at that VI added,
or the forces and moments of the omitted parts may be scaled
down according to the square of the speed and the square or cube
of the scale, added to those of the remnant model and the sum of
the forces and moments scaled up to full scale according to the
game law. The former is better theoryv since it is more direct
and avoids use of fictitious values for the forces and moments of
the omitted parts, but the latter is better practice since it
makes the model V1 the standard for both test and performance
calculation, and thus avoids a second standard VI at full

scale from which to compute performance. The latter method, how-
ever, has f%e theoretical objection of using, at model VI,
values for the forces and moments of the omitted parts which do
not obtain at that V1. This method is the standard one at the
Navy Aerodynamic Laboratory.

In the case of the airplane model (Fig. 1), the parts omit-

ted in the wind tunnel model had a total resistance full scale
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at 70 miles per hour of 44.6 pounds and together with their dis-
tribution in the vertical plane, the line of ‘action 1.69 Teet

below the design centroid. The scale of the model is 1/16.

Hence the omitted parts resistance reduced according to the square

of the scale and speed to 1/16 full scale and to 40 miles per

2 2
hour, the standard test speed is (44.6) (fg>‘ %%) = J0EE
(1)

pounds. The line of action on the model is (3§, (1.69') = 1.37
inches below the design centroid and 5.96 inches above the axis
about which the pitching moments on the model were measured. The
resistance of the omitted parts, therefore, exerts a positive
pitching moment about this axis, which is (5.98) (.058) = +.3486
pound-inch. These values for the omitted parts resistance anc
pitching moment are entered in column 5. Finally, column 6, un-
der the heading "Complete full sbale craft at model Vi" contains
the forces and moments about the pitching moment axis of the
remnant model plus those of the omitted parts, reduced. When
these values of force and moment, the latter now referred to the
design centroid, are se¢aled up to full flight VI according to
the square of the speed and the square or cube of the scale, the
forces and moments of the airplane model (Fig. 1) are obtained.
In such engineering tests on airplane models, as this 6n
model, Figure 1, no correction is made to the yawing moments for
strut effect or for omitted parts. The assumpfion that the yaw-
ing moments, for small angles of yaw, are unaffected by any kind
of pure resistance members, such as struts or truss wires which

are placed symmetrically on either side of the medel plane of




N.A-Ced* Technical Note No. 254 8

gymmetry, has been considered as justified, particularly since
the only yawing moment data that requires high accuracy is that
near zero yaw. Similarly pure resistance parts, which exert
only drag forces, can not enter the roliing moment whose axis is
along the wind, and can enter rolling moments whose axes are
pitched to the wind only to the order of the sine of the angle
BEnltch times the drag noment arising from the asymmetasy OF
e paet these parts cauced by the ailerons. This 18 BNESCorc
order effect and therefore negiigible. Both rolling and yawing
moments, as measured on the molel with round struts, are there-
fore considered valid as rolling and yawing moments on the full
scalc design when sdaled up according to the square of the

gspeed and the cube of the scale.
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TABLE I.
Preliminary Tests on dirplane Model, Design No. 43, Figure 1.
" i a ’
ko Remnant model Remnant medel Strut effect
of + double struts + single struts (faired)
* A * 5k % o ey
T L D M pader D M L L. M
Bl _ 082 .466 +2.241 -.969 .385 $1.810 #.018 0t e
- 8 =s4189 .380 +23.313 -.431 .2394 80 7ESEESCHT NG
-~ 7 ~.155 .366 +3.488 -.167 .280 +1.0868¢ S5 00 SEESEENES
- B e 107  .348 +3.539 +.1235 268 F1.058 SR OGRS
- 5 +.407 344 42.882 +.577 .257 +2.065 +.008 .077 +.574
- 4 +,668 .338 +3.730 +.647 255 80,137 SR O0E . +. 565
- 3 P ls 333 +2.875 +,913 L256NEE ANE 0 .076 +.558
- 2 #1.180 .333 +3.608 +1.1S3 .265 32.092 2008 S0 ey
o Blecwd 339 +3.471 +1.442  .270E1.958 SRl 075 +.547
0 #L.6668  .348 423,305 +1.714 .28% +1.804 -.022 .074 +.542
2 #6.801 397 +1.902 +2.24% 321 +1.280 =:000 A
4 +3.704 .444 +1.304 +23.769 .373 +1.712 -.051 .0%71 +.533
6 Boeeel 505 + .351 +3.260 LAB0NE G -.065 .070 +.531
8 B Ea2 P93 = .715 +3.860 L. EoANEE S -.078 .068 +.529
1119) +4.163 .697 -1.823 +4.2%9 .B833 -3.436 -.093 .067 +.537
2 Y 837 -3.175 +4.701 <7 L. -.107 .065 +.526
14 +5.014 .983 -4.415 +5.153 .916 -4.974 —.121 .084 +.525
16 $5:.549 1.124 -5.334 +5.505 1.081 =8.340 -.136 .063 +.535
18 +$5.680 1.289 -7.239 +5.760 1.247 ~-7.778 —-.153 .0861 +.535
a0 +4.841 1.814 -4.533 +4.976 1.767 -5.294 —-.164 .080 +.525
22 +4,736 3.004 -4.906 -4.940 1.976 -5.688 —.178 .059 +.525
24 #2755 2.194 -5.037 +5.0230 2.211 =6.058 ~.198 WOEE o

* Lift in pounds.
** Drag in pounds.
*** Pitching moment in pound-iuches about test axis.
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TABLE I (Cont.)

10

Preliminary Tests on Airplanc Model, Design No. 43, Figure 1.

&

5

e

Angle
Remnant model Omitted pRrse Complete full-scale
of at model V1 craft at model VI
attack I Ik Ml b g D M L D M
B 081 .304 ,988 O 058 4.00c . nEiREREEEEE
- 8 = edd  .215 +1.132 0O .0B88 #2885 —. 443 878 +1.478
- 7 gl .30] +1.274 0O OS8R EEEEE -.179 vood . 41,680
- 6 S B 8 1] 377, 0 L OS8R A ol 15 seod (SELL AP0
- b WEatY ,180 +1.491 0O .0B8 EEEE +. 369 c0ae | +1aB8Y
- 4 genan . .178 +1.572 0 .058 e +.642 B *+1.,918
- 3 Ee 1o - .1B0 +1.556 O L0680 T +2 91 6 v 1,902
- 2 eouUl 190 +1.541 O .OB8. heS@E SEELEa 248 +1.887
=l FEaDy  .196 +1.408 0 .088 ‘Fo@8  HECUEET .254 . +1.754
0 L 756 .3089 +1.2362 0O .058 #0880 SIS .367 +1.608
A 3 i .oVDd .249 + .843 0O .0BB 4,380 oSy «O07 +1,189
4 +2.8280 .302 + .179 O .058 +,346 +2.820 00 + +B35
S . 058 560 -~ 714 O .058 +.086 et 418 - .368
8 *5.858 456 -1.771 0 .0B8 +.846 +95.988 .514 -1.425
10 FEO58 566 ~3.013 O .088 +.046 4088 .634 -3.667
13 +4.808 .709 -4.356 0O .058 +.345 +4.808 767 -3.910
14 .78 .852 ~5.499 0 .058 +.346 S5 080S <oie 45,153
16 +5.644 1.018 -6.865 O .058 +.346 +5.644 1.076 -6.519
18 +5«8912 1.186 -8.303 0 .058 +.346  +5.9128 " LaSEE 057
20 +5.140 1.707 -5.819 0O .C58 +.346 +5.140 19¥88 =5.4Y3
23 #5.118 1.917 -6.191 O .058 +.946 5118 I EEEESbIHas
24 #0.210 2.153 —6.563 0 .058 . +.346 +5:300 " BEEEE=EIS1T

Bl ft in pounds.
*¥ Drag in pounds.
e itehing moment

in pound-inches about test axis.
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