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PRESSURE DISTRIBUTION ON WING RIBS OF THE
VE-7 AND TS AIRPLANES IN FLIGHT.
By R. V. Rhode.

Summary

This paper is the first of a series of notes, each of
which presents the complete results of pressure distribution
tests made by the Natiomal Advieory Committee for Aeronautics,
on single-wing ribs of the VE-7 and TS airplanes for a particu-
lar condition of flight. The ievel flight results are presented
here in the form of curves and show the comparison between the
pressure distribution over a representative thin wing, R.A.F.-15,
and a moderately thick wing, U.S.4.-37, throughout the range of
angle of attack.

Introduction -

This paper is the firet of a series of notes, each of which
presents the complete results of pressure digtribution measure-
ments on single ribs of both the VE-7 (R.A.F.—lé airfoil) and TS
(U.S.A.-237 airfoil) airplanes for a particular maneuver or condi-
tion of flight. These resulis have been partially presented in
Technical Report No. 257 (Reference 1), in which special atten-

tion was given to high and low angle of attack conditions.
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3ecause cf the amount of data involved it was not possible in
Report Ho. 357 to include all the information obtained in the
tests. Since it 1s believed that the complete pressure distri-
bution for other maneuvers than those where the maximum loads
were experienced are of intereset and value, thilis series of notes
is beinz issued. The methods of testing, the apparatus, and a
discussion of the accuracy of the results are given in N.A.C.4-
Technical Report No. 357.

The locations of the points at which the »ressures were
measured are siown 1n Figures 1 and 3. It should pe pointed out
here that too close zn application of the results should be
avoiled since only a single rib in the span of each wing was in-
Vestigated. The Tib chosen in each case was locabted outside of
the slip stream and Inside of the aileron to avoid disturbances
as much as possible. The pressures on the wing ribs in the slip
stream are probably of a greater magnitude and a different dis-
tribution than those at the rib investigated, and taose in the
outer region of the wing , also, differ in magnitude and distri-
tution beceuse of the wing tip and aileron effects. Thus, their
uss for estimating the loading over a complets airplane will

sive only approximate resulis.
Discussion of Results

The results are given in curve form in Figures Sa—6.

It ma7 be merntioned here tiat the peculiar pressure distri-
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bution gave rise to ithe discovery that the wing profiles were
not evenly faired at the ribs investigated on the TS airplane.
The presence of a vulge on the lower surface ant a slight depres—
sion on the upper surface of boith upper and lower wings a few
inches aft of the leading edge where the fourth pressure points
were located indicate that the low pressures there encountered,
vhile true enough for these rlibs, are not likely to be encoun—
tered in the general case. At the same time, 1t was noticed
that ir wind tunrel pressure distribution data, vhere a large
rumber of vcints wecre investigaﬁed over a single rib, low pres—
sures existed at approximately thce same location as found in
thesc tests. These low pressures are very local in character,
however, and are believed to be due to critical points in the
air flow over the surface. In the flight tests herein described,
it is probakle that the critical flow and uneven suriace combine
to produce umusually low pressures at the points mentioned.

As a result of these low pressurcs near the leading edge on
the TS airplanc, the center of pressure travel is quite erratic,
and an attempted comparison with wind tunnecl rerzults showed
nothing but a nuwber of points scattered in the vicinity of the
wind +tunnel curve (Figure 4). The center of pressure curve for
the upper wing of the VE-7 airplane is fairly good (Figure 8),
and the travel is of the same magnitude as indicated by mono-
plane wind tunnel testis, but for any given angle of attack the

center of pressure is about 23%% farther forward on the full-
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Thie ig in accordance with the results found in

a wind tunnel investization of a biplane cellule with the same

airfoill section and approximately the seams gap/ohord ratio and

stagger (Reference 23).

1.

e

Conclusicns

It is zoncluded from %thése regults that:’

{1) The pressure fistribution over the wing of a full-

scale airplane may vary wicdely from the distribution

over a nodel airfoil in tkhe wind tunnel tecause of the

irregularitiss in the surface of the full-scale wing.

/

\3) The pressure curves are similar Tor thin wings and

thick wings at hich angles of attack, but at the lower

anzgles the curves for the thick wing are characterized

by a considerable down load on the leading edge.

Crovley, Jr., J. W.

Hunlk, Max M.
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Figs.3a,b
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Fig.3g
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Center of pressure in per cent of chord

0
10
20
30
x 2 {- »
N 2l e i x X
40 . ‘7(/5 O
~ x/” )
o
50 / o
/ 2
X O
80 <
a
70
80 N
Fa
a0
1001
-4 0 4 T g 12 16
Angle cf attack,degrees
Fig.4 Comparison cf C.P. travel on full scale U.S.4.-37 '

o) Full scale upper wing
“ "  lower wing
X—Wind tunnel model

airfoil with C.P. travel on wind tunnel model.

18



N.A.C.A. Technical MNote No.267 Figs.ba,b,c,d,e
30

20 \o\
: Air gpeed M.P.H.043| 044
: Anglé of dttack 18°
0
10 , .
(@) | o] T g
0 - ot I o o o o N
[©]
20 -
2 : Air gpeed |M.P.H.050}| O 54
' \\Q Angle of attack 12.6°
10 &‘*L _
—~&_ -
o ®
: b ' 3 .
& 0 ®) T4 ot
4
Sgo FS\O
2 [ ' *lair bpeed|M.P.H.065 o 87
;9:10 ' Anglg of attack 7.5
o .
Q1 o=
- (o) - )
g 0 © 5 o=
=t
o2]
4]
8 s0-£78
A Air ppeed|M.P.H.c¢75| ¢ 77
Anglp of attack 5.8P
10 S amea s on - e
O e 8
" ®
0 (4) : \‘T?—F
20— % - .
"Q\G\ Air |speed,M.P.H.c85 o 87
Qo] Anglle” of Bttack 4.3
' o}
(e) gl
0] 10 20 30 40 50 60

Chord line in inches

Figs.ba,b,c,d,e, Pressure distribution. Level flight.VE-7 airplane.



géA.C.A. Technical Note No.267 Figs.5f,g,h,1

Pressure in lb.per sq.f%t.

Air speed,M.P.H. 0 B7 o 99
20 : Angle of lattack 3.1°
OXS;\N
10 00—
0 ' \“#\—-—G—“@ﬂ
30 -
. Air |speed,M.P.H. o 107 g 107
qugﬁ}x-f?’8_“ﬁk\\*m_* ) Anglle of attadk 2.85°
10 B . 3
. ( ) e ' ?\8
J
20
o Air {gspeed,M.PJH. &|117 o 117
5 Bb\~.<y’£*“‘8-~1r_\ Angle of |attadk 2.Q°
10 {;%\\
(h) 3\&\ o
O 'L; o
20
G 3 Air |speed,M.PJH. 0 |137 ¢ 138
: ] peed,M.P.
10 ;§8ﬂ5}~_47,cr © \73~‘;3\> Anglle of attadk 1.40
iy
(i> Q\%\
0 ]
-10
-30
0 10 . 20 30 40 50 60

. Chord line in inches
Figs.5f,g,h,1 Pressure distribution.level flight.VE-7 airplane.



N.A.C.A. Technical Note No.387 Fig.6

B »x Wind tunnel model .
S 0  Full scale upper wing
U .
0
4y
(@)
B 10
[15]
&)
% 20
S - 0
- 30 /X""’"r ol ¥ O,
2| ~
@ 40
[¢b}
)
o,
e DO
o]
[
.80 |
g 0 4 8 12 i6 18
O Angle of attack,degrees

Fig.6  Comparison of C.P. travel cn full scale R.A.F.15
airfoil with C.P. travel on wind tunnel mcdel.



