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REPORT No. 225

THE AIR FORCES ON A MODEL OF THE SPERRY MESSENGER AIR-
PLANE WITHOUT PROPELLER

By Max M. Munk and WaLTeER S. DiEEL

SUMMARY

This is & report on a scale-effect research which was mads in the variable density wind
tunnel of the National Advisory Committes for Aeronsuties at the request of the Army Air Serv-
ice. A 1/10 scale model of the Sperry Messenger airplane with USA~5 wings was tested without
a propeller at various Reynolds Numbers up to the full scale value. Two series of tests were
made: The first on the original model which wes of the usual simplified construction, and the
second on & modified model embodying a great amount of detail.

While the present report is of a preliminary nature, the work has progressed far enough to
show that the scale effect is almost entirely confined to the drag. In the tests so far conducted,

the drag at any given angle of attack within the normel flying range is found to vary as (VTZ)H-

The exponent n is constant for any one angle of attack, and ranges from — 0.045 at large angles
of attack to —0.17 at small angles.

It was also found that the model should be geometrically similar to the full-scale airplane
if the test data are to be directly applicable to full scale. If the condition of geometric simi-
larity be fulfilled, the data obtained at a fullscale value of Reynolds Number agree very closely
with free-flight data. The variable density wind tunnel therefore appears to be a very promis-
ing instrument for procuring test data free from scale effect. It is also admirably suited for
studying the scale effect and obtaining information which is necessary in an interpretation of
the results obtained in atmospheric wind tunnels at Jow values of the Reynolds Number.

INTRODUCTION

Until recently the only method of increasing the Reynolds Number (?) in a wind-tunnel

test was to increasejeither,V or [ or both together, but the maximum practicable value of (TW)

thus obtainable is far below that corresponding to the average airplane in free flight. The
variable density wind tunnel of the National Advisory Committee for Aeronautics, using models

of 'normal size and employing moderate speeds, while varying the kinematic viscosity » (=%)

by changing theldensity, supplies & means for bridging the entire gap between a conventional
wind-tunnel test and full scale.

Owing to the interest attached to the results of the variable-density tests on account of
their novel nature and their probable value to the designer, it has been considered advisable to
meke available immediately a preliminary report on the first complete series of tests. The
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tests with which this preliminary report is concerned are the part of an extensive free-flight
and wind-tunnel research conducted by the National Advisory Committee for Aeronautics for
the Army Air Service on the Sperry Messenger sirplane.
. In a new field of research such as that opened by this report, it is to be expected that the -
test dats will show some inconsistencies, partially due to the personal elements, or to the new-
ness of the work, or possibly to some unknown and unsuspected physical law. There are certain
inconsistencies to he observed in the data in this report, but time has not been sufficient to
investigate them more fully and ascertain the cause or causes. It is expected that the present
report will prove instructive both as to the nature of scale effect and as to the probable value of
the variable density wind tunnel in further testing.

1184 ' 18/%"
29.6 cm 471 om ]

F1a. 1.~Original 8perry Massenger model set up In variable density wind tunnel
METHOD OF TESTING

The original model of the Sperry Messenger as supplied by the Army Air Service was a
geometrically similar replica of the airplane so far as the main dimensions were concerned, but
many minor parts and details, including the propeller, were omitted in order to simplify the
model construection. The original model, therefore, fairly represented the average wind-tunnel
model in the amount of detail used. '

During the tests the model was attached to the balance in the variable density wind tun-
nel by means of two vertical “stilts” of ordinary stream-line wire which were hinged at their
upper ends to the wings and rigidly connected at their lower ends to the balance. The model
was also connected .to a vertical shielded balance bar on the down-stream side by means of a
short skid which was hinged at the fuselage and rigidly attached to the bar. ThlS arrangement
allows the angle of attack to be changed readily. (Figs.1and 2))



attachments were determined by separate runs.
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16.
17.
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During & test run the tank pressure was held constant, and readings of the air forces and
moments taken for various angles of attack. The drag and interference corrections for the

F1a. 2—Method of

supporting model

RESULTS OF THE TESTS

After completing a series of five runs on the original model it was decided to add to it as
much detail as practicable in order to get a more exact geometrical similarity. Accordingly 31
changes were made as follows (figs. 3 and 4):

. New air intake added to earbureter.

O1il filler cap added.

Fiel tank drain cock added.

01l valve and drain cock added.

Pan built up on under side of fuselage.

Brass plates added to the sides and bottom of
fuselage to approximate bomb rack supports.

Chain and sprockets added to side of fuselage.

. Strips added along top longeron of fuselage.
. Control cables, horns, and wires added to horizontal

tail surfaces.
Hole made in under side of fuselage near tail skid.

. Holes made in stabilizer for confrol wires.
. Small fin removed from rudder and fin.
. Alleron horns and inter aileron struts added with

wires running into wing.

Cross wires and shock absorbers added to landing
gear.

Cross wires added in center section above fuselage.

Pilot tube added on outer strut.

Trailing edge of upper wing aliered at center sec-
tion and hand holes added.

18.

19.

20.
21.
22.
23.

24.

25.

26.
27.
28.
29.
30.
31.

IS

Edges of wing changed from round to straight at
center section.

Angle of attack bomb and cable with rack for
bomb added.

New engine constructed with fins and valve gear.

Length of cockpit changed and hollowed out.

Height of wind shield changed.

Bump added on top of the fuselage forward as in
the full-size airplane.

Groove added in ailerons at top and bottom for
hinge gap.

‘Wires added to fuselage sides neer nose to approxi-
mate hinges on cowling. )

Nose of fuselage hollowed out behind the propeler.

Ball bearing propeiler hub added.

Aflerons fastened in position with screws at ends.

Ends of tie struts beveled off at fuselage.

Brace wires added between stabilizer and fin.

Turnbuckles on all wires approximated by twist-
ing the ends. '
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F16. 3.—View of modified model

F16. 4—Three-quarter rear view of model

Upon completioni of these changes a series of three runs was made on the modified model.
The results of the two series of tests are given in Tables I to VIII and on Figures 5, 6, and 7.
The lift coefficient (i and the drag coefficient Cp are computed by dividing the measured lift
or drag by the wing area and the dynamic pressure. . The moment coefficient is computed by
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dividing the observed pitching moment about the specified center of gravity by the productof .

the wing area, the dynamic pressure and the wing chord. That is,

L D M, ,

0 S) Op Sl and Ou— Q‘Og

The angle of attack is measured from the line of thrust.. The Reynolds Number has been com-
puted in the usual way, taking the wing chord as the characteristic length of the model.

An inspection of the test datashows that the scaleeffect on lift isnegligible everywhere escept
at and near the maximum lift, the maximum effect being of the order of a 4 per cent increase in

lift in passing from the Reynolds Number of an ordinary wind tunnel test to the full scale yalue.
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Figure 8 has been prepared to bring out the effect of scale on drag by plotting logarithmically

the drag coefficient at a given angle of attack against Reynolds Number. In each case, for the -

original model, it is found that the expenmental pomts lie on a straight line, showing that-the
drag varies as (W) For the modified model only three points are available at cach angle of

attack, but-these points also lie on straight lines, which appear to be justified by the more com-
plete data in the first series. The value of the exponent n varies with angle of attack as follows:

' Angleot | Orlgingl | Modified
a.rtltsg.ck model model
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The absolute decrease in drag in passing from the lowest to the highest Reynolds Number
appears to be substantially independent of angle of attack except at the highest angle —18°,
These differences are as follows:

Original model Modified model
An‘%gg: t Cp at Cpat
@ ACD ACp
R. N.= R. N,= R.N.= R. N.=
189, 000 3, 400, 000 165, 000 3, 450, 000

-g° 0.0811 0. 053¢ 0. 0281 0. 0846 0. 0648 0.0198

0° 0701 . 0423 L0278 AT i . 0539 .0188
+6° . -1075 . 0800 0275 - 1088 0318 .0172
12° . 1800 - 1495 . 0305 . 1808 - 1635 .0178

| 18° . 3551 2815 . 0878 .3434 [ .3002 L0432

The great increase af 18° is no doubt due to the change in type of flow which is beginning to
oceur at this angle. At lower angles the scale effect apparently agrees very closely in form with
t at pred ted by Diehl (Reference 1) from his study of test data at low Reynolds Numbers.
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F16. 8.—Variation of drag coeficlent with Reynalds Number for Sperry Messenger
model. Variable Densfity Wind Tunnel

The differences between the absolute drags and the exponents for the original and modified
models can not be entirely accounted for at this time. A study of the list of changes will show
that while some tend to increase the drag and others reduce it, there is a preponderance in
favor of an increase in drag. It is possible, of course, that the drag of some of the added parts,
when measured on the model with the mutual interferences present, may increase more rapidly
than the square of the Reynolds Number. The curves of the drag coefficient against Reynolds
Number for such parts could slope upward to the right on the logarithmic plot, and partially
explain not only the lower exponents for the modified model but also close agreement between
the drag of the two models at low Reynolds Number.

Theresearch on the Sperry Messenger airplane has not progressed far enough to make possible
a complete comparison between the model and full scale data. Based on the free flight data
at hand the conclusion is reached that the modified model gives resulis which are not only sub-
stantially correct and in better agreement with free flight than those given by the original model
but that the differences are in the same direction. That is, it would appear that the more
exact a model is made the more nearly will the test data obtained in the variable density wind
tunnel agree with full scale.

These results have a direct bearing on the tests of airplane models made at low values of
Reynolds Number in atmospheric wind tunnels, in that they show the common practice of using




388 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

simplified models to be unjustified and the test data without meaning unless corrections are

applied not only for the omitted parts but also for the scale effect. At present the scale effect
correction is rather uncertain, but the variable density wind tunnel will be able eventually to
supply the necessary information. A pre}munary study indicates that a large part of the scale
effect may be due to the model struts and wires, in which case a partial scale effect correction
may be readily applied with data now avaﬂable Too much emphasis can not bé laid ¢n the
unsoundness of the assumption that test data obtained on a simplified model can be used with-
out corrections to predict full-scale performance.

CONCLUSIONS

Owing to the preliminary nature of this report, it is impractical to draw any but the most
general conclusions, as follows:

1. Thescale effect on lift appears neg]igible except at the maximum lift where a 4 per cent
increase was obtained by a twenty-fold increase in Reynolds 1\Tu:mbcar This effect probably varies
with the wing section and arrangement.

2. The scale effect on drag is represented by an exponential va.natlon with Reynolds

Number. Thatis, 0,,0:(—) where the exponent n is probably of the order of —0.10.

3. A model must represent the full size airplane as accurately as possible if the data ob-
tained from tests in the variable density wind tunnel are to be valid.

4. The test date appear to justify the principle of the variable density wind tunnel, which
now offers an extremely valuable means not only of supplying data free from scale effect but
also of studying scale effect and similar design problems.

5. The common assumption that data obtained on simplified airplane models at low Rey-
nolds Numbers can be used without corrections to_predict full scale performance is unsound
and may lead to absurd results in certain cases. -

More test data are required along the lines coyvered by this report before final conclusions
can be drawn. Itis recommended in particular that the effect of the major changes made on the
original Sperry Messenger model be investigated one at a time in order to find the cause or
causes for the very slight effect of the changes at low V1. It is also recommended that & similar
research be made on another airplane of a different type, for example, a bomber or & very simple

monoplane.
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TABLE I - . T ) TABLE II
SPERRY MESSENGER MODEL (ORIGINAL) SPERRY MESSENGER MODEL (ORIGINAL)
S an, 24 Inches (61 cm); area, 0. B n, 24 inches (61 cm); ares, 0,139 m
Chord, 4.8 inches (12.2 om); fJ s A 5 alrfoll. * Chord, 4.8 inches (12.2 em); U, 8. A. 5 alrfoil.
1] -
A | s &‘ﬁ?é’&. ;‘feﬁ‘{, “ﬁ&‘%&f“ k73 : -%ﬁ%‘é’k‘f‘ E%E:u'?é" ma‘?ﬁim, cooiibat, | G
degrees |g=kg/mt| - € clent,! C | [273 ) | degrees | gwkg/mi CL %) Co
: T e - _ - —
—9.0 27.8 | U188 | "O.1121 | 0002 ~1.68 | : -0 | W7 —0.139 0.0978 —L42
—6.0 2.0 028 L0811 | —068 | 28 [ M -0 | 800 4.048 | - L0078 o7
-84 82| .22 . 0687 —.083 .17 o -23.0 } 80.6 219 . 0535 408
—L5 2.8 .13 . 0668 .57 4.68 : —15 8.6 305 0540 584
0.0 2.8 +406 L0701 —. 062 579 ) 0.0 . 8L3 .402 0579 893
L5 | B2 Az | Lovs7 | —.088 6.2 T L 810 .498 - 0653 .8
.80 28,0 572 . 0840 -~ 08l | 680 : 2.0 81.0 . 583 . 0735 7.03
45 2.0 .688 0952 -.087 7.17, 4.5 aL5 . 681 . 0839 811
6.0 2.0 LTS L1075 —087 § T2 . 80 8L5 775 . 0065 8.08
%.0 21 .962 L1303 | —.090 6.9 O SN | 8L5 | . 967 B0 I I A 1)
12.0 2.0 1,118 . 1800 —. 08¢ 6.20 . 120 8L & L107 . 1657 6.08
15.0 ®B1 1188 | | .2424 —. 184 482 il 150 814 L1o7 . 2308 518
18,0 7.8 1244 ", 8851 —. 136 3.50 18.0 .8 L2es | L8357 268
21.0 27. 4 1181 L4872 —. 250 2 58 210 7.8 | LiIn . 4380 273
1 Moments taken ebout the center of gravity. Average samperatm-e. T8 0. ernza “tapk pressure. 282

Average temperature, 20° C,; average tank pressure, latmosphere ~atmospheres; sverage Reynolds Number, 482,000,
average Reynolds Number, 159
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TABLE III

SPERRY MESSENGER MODEL (ORIGINAL)

Bpan, 24 inches (61 cn); area, 0,139 m'
C%a umchag(lzz)cm‘), U.8. A, 5a[rtoﬂ.

TABLE IV

SPERRY MESSENGER MODEL (ORIGINAL}

ga.u es (61 cm); a.rea, 0.139 m!
Chord, 4.8 anhes (12.2 mn) U.8. A, 5 alrfofl.

I ‘
A.nsle ot Drsglassuazrm'le.‘= eoeggent coefﬂr?ent mﬁl &
degrees q-kx/m’ Cr Co Cu Cp
~9.0 140 | —0.151 | 0.0948 | —0.007 | -—~lLeo
' —00 M0 [ 4041 L0648 | —.015 0.63
I =80 140 .23 L0500 | —.048 426
I —L§ 142 . 306 L0462 | —~.049 6.21
P00 140 402 0835 | —.085 7.48
. ¥ 140 .498 L0602 | —.065 8.28
P a0 142 . 590 L0684 | —.077 8.62
N M1 -850 079 [ —.089 862
a0 140 LT 0022 | —.007 845
i o0 189 - 966 L1234 | —.075 776
! 12.0 139 L134 .1651 | —.076 6.87
[ 180 138 L2 L2228 | —.161 552
18.0 138 1.220 3222 | —.187 2.79
2L0 138 1189 4272 | 288 278

Angle of Dynam!cl. Lift Drag | Moment c

attack, | pressure, |coeflicient coeficient coettrclent!] ==

degrees | g=kg/m? Cr Co Cu Co
—8.0 292 —0. 158 0.0888 -+0.013 -1.78
~8.0 208 +.035 L0573 -.026 | Jo0.61
~3.0 205 ~207 . 0428 -—.029 4.83
-15 28 297 L0421 —. 032 7.05
0.0 283 409 . 0468 ~-. (042 8.75
LS 208 487 .0528 ~—. 038 .20
%0 268 515 . 0608 -, 043 9.45
4.5 208 .078 0718 -—. 060 9.39
6.0 28 -700 .0849 -—. 061 9.07
&0 209 .52 . 1168 -, 078 817
12.0 28 Li27 . 1562 —.086 7.22
150 28 1.225 L2112 -, 154 5.81
18.0 208 1.287 .3023 - 219 408
o 203 1238 L4148 -. 2650 297

T Moments taken about the center of gravity.

Average temperaturs, 26° O.; svemge tank ressare, 4.83 atmos-
pheres; average Reynolds N umbet, P &

1 Moments taken shout the center of gravity.

Average temperalure, 34° C.; averags tank pressure, 10 atmos-
pheres; average Reynolds Number 1,670,000.

TABLE V TABLE VI
SPERRY MESSENQER MODEL (ORIGINAL) SPERRY MESSENGER MODEL (MODIFIED)
S%an. 24 Inches (61 cm); ares, 0.139 m! 8 24 Inches (81 cm); 0.1377 m2,
C umcnas(mznm),tr.s A, 5a£rtoﬂ. Chord, 4.8 inches (12.2 em); U. 8. A. 5 alrfoil.
ﬁt‘i&?‘ Emum,a coeggent.[ coe]?ﬂ%nt,[memﬁl L ‘:-ntt‘algk‘:t presaure? ooeggent, eoe]girg‘ent, L3
degrees | g=kg/m? [+ Cp Cux Cp degrees | g=kg/m! CL Cp Cp
-Q.0 615 -—0. 158 0. 0841 -+0.001 ~L88 —~0.0 26.8 -0. 191 0. 1208 ~L&
—8.0 617 024 . 0530 —. 034 4-0. 45 —-8.0 2.7 .019 .0848 022
-~3.0 621 .13 . 0380 -. 034 508 ~3.0 2.9 .216 .0707 3.05
—L5 818 284 . 0380 -.028 7.47 -~L5 26.9 . 310 . 0699 443
0.0 622 .38%0 0423 . (41 8608 0.0 26.9 .405 L0725 5.74
L: 621 475 . 0490 -—. 036 9.7 LS 28.9 . 500 . 0787 6.35
3.0 621 .563 0573 —. 047 g.83 30 6.7 582 . 0850 8.85
4.5 02 .664 . 0684 ~. 068 0.71 4.5 26.8 670 . 0867 7.01
6.0 623 754 . 0800 - 068 9.42 X1} 26.8 778 » 1088 714
0.0 621 940 L1124 —. 080 8.44 0.0 2.8 .952 . 1393 6.83
120 619 L 130 . 1495 -~ 102 7.57 12.0 26.8 L0g8 . 1808 8.08
150 619 1258 . 2033 - 178 568 15.0 26.8 L1s4 2478 478
18.0 611 1.285 « 2875 —. 241 4.47 8.0 8.8 L225 s 357
- 2L0 2.7 238 . 4528 2.73
1 Moments taken shout the center of gravity of full scals afrplane. gsmra venza tank pressure, 1 atmos-
phere, average 165,

Average temperaturs, 35° C.; mzetank essure, 19.88 atmos-
phates, averags Reynolds l\nmber 3,400,000, o

348—267—=26
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TABLE VII TABLE VIII
SPERRY MESSENGER MODEL (MODIFIED SPEBRY MESSENGER MODEL (MODIFIED
an, M Inches(61 om); ares, 0.1377m 3, %% an, 2¢ Inches (81 cm); area, 0.1877m *,
o ord 4.81nches (12, 2cm) U. 8. A. 5aiclofl, ord 4.81nches (12.2em); U, 8. A. Sairfoll.
Angleof | Dynsmic |  Lin Dreg | . " | Avgloot | Dynamic |  Lass D
a?t%‘,ck, preasure, coaflicdent } coefficfent % attack, pressre, coefficdlent coemra%nt Ce
degroes | g=kg/m! 0 Cp D degrees | g=~kg/m Cr Co Cp
~9.0 260 —0.167 Q. 1001 —L67 0.0 628 —0.183 0. 1006 —-1.82
—6.0 208 +.02¢ 0887 +4-0.85 1 -6.0 634 +.010 . 0648 +0.29
—8.0 202 . 204 . 0528 *38 -850 637 . 196 - 0604 3.88
1.5 201 . 298 . 0500 5.70 -L5 637 . 300 <0801 500
0.0 200 . 308 . 0550 7.19 0.0 634 . 390 . 0539 7.24
L6 290 . 488 .0014 7.81 1.5 836 487 . 0810 7.98
3.0 200 675 0698 823 3.0 635 . 575 . 0689 8.3
4.5 200 .670 . 0808 &40 45 044 N 079 8.48
8.0 200 .78 . 0830 &3 . Ry 643 . 767 0016 8.3
0.0 200 . 054 . 1251 1.7 - 0.0 648 961 . 1238 7.71
120 200 L114 . 1651 © 8T 120 638 1128 . 1636 6.9
15.0 200 1228 . 2214 b 85 15.0 €30 L2279 . 2166 592
1340 286 1.244 . 8144 8.98 180 632 1.208 - 3002 431
2L0 25 1228 4218 2.9 -
= T Pl -___a_:____ ‘% E T .
Aver ature, 44° C.; average tank pressu.re, 10 3 atmospbetes, A 0, 39 C nvern e tank press 20,
average Yer ds Namber, 1,§00,000, pherw. averaxe Reynolds I\um'b g 50,000, pr ire atmos
2
Jhgma/ moc‘:’e/ 1t

Modlﬁe«lj ¥ eemaieses

B

oo =+ & i B
o

F19. 9.—~Varation of LD with Raynolds Number
Reynolds

Number
189, 000
000

BExEags:
888888
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