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NATIONAL ADVISORY COMMITTEE FOR AERCNAUTICS

MEMORANDUM REPORT

for the
Bureau of Aeronautics, Navy Department
DRAG MEASUREMENTS AT HIGH REYNOLDS NUMBERS
OF 4 100-INCH-CHORD NACA 23016 PRACTICAL
CONSTRUCTION WING SECTION SUBMITTED
BY CHANCE VOUCHT AIRCRAFT COMPANY

- By Albert E. von Doenhoff and Robert J, Nuber
INTRODUCTICN

Calculation of the high-speed performance of some
airplanes involves the estimation of airfoil drag coef-
ficients at Reynolds numbers of the order of 65
to 75 million. Very little data on airfoll drag coeffi-
cients at such hirh Reynolds numbers arc available. At
the request of tl.e RBureau of Aeronautics, Navy Department,
therefore, drag measurements were made in the Langley
Memorial Aeronautical lLaboratory two-dimensional low-
turbulence pressure tunnel of an available 100-inch-chord
model of the NACA 23016 wing section, ~The model was con-
structed by the Chance Vought Aircraft Company according
to practical censtruction methods. In the vresent
series of tests, section dreg coefficients were
measursd over a range of Reynolds numbers from approxi-
mately L to 68 million at 1ift coefficients from about
«0.05 to-0.275 with three types of surface conditions.

DESCRIPTION OF MODEL AND TLST METHODS

The 100-inch-chord NACA 23016 wing section used for
‘these tests had a single spar located at the 30-percent -
chord station. Both the upper and lower surfaces were
unfair at this point, Tn addltion, a flat spot located




at approximstely the 0.095c station on the lower surface
and extending halfway across the model span was detected
by rocking a straight edge over the forward portion of
the sirfoil in a chordwise direction. The skin forward
of the spar was approximately 0,050 inch thick and was
riveted to both chordwise and spanwise stiffeners. A
thinner skin (approximately 0.015-inch thick) aft of the
spar was riveted to chordwise stiffeners spaced 9 inches
apart.

The tests were made with the model surfaces in three
conditions:

(1) As received.- As received, the model was painted
with zine chromate primer. A few rivets behind the spar
had been glazed, Three minor scratches located on the
upper surface near the leading edge, which were apparently
the result of handling and shipping, were filled and
sanded smootii,

(2) Painted.- All local surface defects forward of
the spar, such as rivets, were faired and the surfaces
were spreyed with gray primer surfacer which was sanded
smooth., The surfaces behind the spar were also painted
and sanded, but no attempt was made to correct local
gurfaceg defects in this region.

(3) Camouflaged.- A double coat of neutral gray
camouflage paint (Navy specification no. 1,;105) was
sprayed over the gray primer surfacer (condition 2). No
particular effort was made to spray the camouflage paint
on smoothly because, for this condition, it was desired
to simulate the spraying abilities of an inexperienced
person. Door joints were simulated by shellackinzg a
length of string 0.012-inch in diameter at the 0.,25c sta-
tion across the span on both the upper and lower surfaces.
“hotographs of the mcdel showing the simulated door joints
are given in figure 1(a) and (b). A rear bottom view of
the model is presented in figure 1{c) to show the rivet
spacing and surface irregularities.

Lift and drag coefficients were obtained by the
methods described in reference l. . The data have been
corrected for tunnel-wall constriction by the following
formulas:




cg = 0.896 ¢4

¢y 0.7285 cy!

where the nrimed quantities represent the values of the
coefficients measured in the tunnel.

RASULTS AND DISCUSSION
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The variation of the profile drag of this airfoil
with Reynolds number was similar to that of the turbulent
skin frictior of smooth flat plates up to = Reynolds
number of approximately 15 million. Above thig Reynolds
number, the scale effect on drag was small, These
results appesr to be similar to these for rough pipes
given on page 1.6 of reference 2, where the skin friction
of pipes with relatively small surface roughness at first
follows the sume curve as for smooth pipes. At some
higher Reynolds mumber, depending upon the grain size of
the roughness, the skin friction approaches a constant
value and shows little further change even up to extremely
high Reynolds numbers, As in the case of the rough pipes,
the value of the drag coefficient, for the present tests,
at high Reynolds numbers was primarily a function of the
model surface condition,

. Although extrapolation forimmlas based on the skin
friction drag of smooth flat plates may be reliable for
aiproils having aerodynamically smooth surfaces, the



n

data presented }arein indicate that, at least for models
having surface conditions similar to those of the present
tests, such formulas would tend to give too low values of
the drag coefficient at high Reynolds numbers.

CONCLUSIONS

As a result of tests of an NACA 23016 practical
construction section over a range of Reynolds numbers
from approximately L. to 68 million, the following con-
clusions may be drawn:

1. Above a Reynolds number of about 25 million, the
changes in surface condition of the model had more effect
on the drap coefficient than changes in the Reynolds
number .

2, Extrapolation formulas based on the turbulent
skin friction drag of smooth flat plates tend to give
too low values of the drag coefficient at high Reynolds
numbers when applied to airfoils having surfaces compa-
rable to those of the model investigated in the present
tests.

Langley Memorial Aeronautical Laboratory
National Acvisory Cormittee for Aeronautics
Langley Field, Va., June 30, 194
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(a) Front top view showing simulated door joint.

Figure 1.- Practical construction wing model of NACA 23016 section submitted by
Chance Vought Aircraft, camouflage painted.
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(c)

Rear bottom view showing rivet spacing and surface irregularities,

Figure 1.- Concluded.,



Ca

Section drag coefficient,

3 . L L] *
.012
a) e, = -0.047 approx.|
Q o e e (e
.008 = — a e X X x
— = ) — 00— [0 x X o
B er ¥~%._.__*_ —_— ] __+__+ O+ o+ > [0} "O
% Condition of Model
. 00l o -0.048 1- As receiveu
+ =0.045 2- Painted with gray primer
surfacer
x =0.047 3. Camouflage painted with
0 # simulated door joints
0 I 8 12 16 20 2l 32 36 Lo LL L8 b2 56 60 6L 68x10°
Reynolds number, R
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
.012
L (b) c‘ = 0.012 approx.
X
.008 +— T ~ K X—4 x X o)
—T 11— € S P & q : - )
- — —j—*— t—a+ 4+t + + n n
c, Condition of Model
.00k © 0.012 1- As received
+ 0.010 2« Painted with gray primer
surfacer
X 0.013% 3~ Camouflage painted with
0 | simulated door joints
0 L 12 16 20 2l 2 32 36 Lo LI L8 52 56 60 N 68x10
Reynolds number, R
Pigure 2 .- Drag scale effect of a 100-inch-chord NACA 23016 practical construction wing section submitted by Chance Vought Aircraft.

Tests, TDT 430, 432, and

LL3.




.013
(e¢) e, = 0.075 approx.
S i
| %]
i —
=28 - *rox=—=0—013 s £ i a z T%K xFo
e ] SR + = T+
" A OS¢ Condition of Model
. 00 - ¢ 0.079 1- As received
+ 0.077 2= Painted with gray primer
-~ surfacer
x 0.07k 3. Camouflage painted with
- simulated door joints
2
<
: 0 L 8 12 16 20 2l 28 32 36 Lo inn 18 52 56 60 a, 68x106
o Reynolds number, R
G
Y
[e]
o
;o NATIONAL ADVISORY
S COMMITTEE FOR AERONAUTICS
=}
S
» 012
;3) (a) c = 0.145 approx.
X—
008 R —— x € X X x -
. — A 3 = 1o ad S
— = O—1 O
—h—1gS F‘EE+ 4 e N + + +
¢, Condition of Model
. 00l o O.mg 1- As received
+ 0.1 2- Painted with gray primer
surfacer
X 0,142 3= Camouflage painted with
0 ) simulated door joints
0 L 8 12 16 20 2, 28 32 36 Lo i, L8 52 56 60 6,  68x10®
Reynolds number, R
Figure 2.- Continued.
asL~1
L4 ’ [ . L




cd

Section drag coefficient,

- » * -
L=752
« 016
(e) ¢, = 0.275 approx.
. 012]
_:.(\\ (\x x| x X X
. 008 = + — X D 220 el XK
| — R P "~
I+ ++~9&ﬁ o — +_-ﬂ +' "
s Tondition of Model
« 00l © 0.269 1- As received
+ 0.275 2- Painted with gray primer
surfacer
X 0.276 3- Camouflage painted with
o _8lmulated door Joints
0 L 8 12 16 20 2k 28 32 36 Lo 48 x 106
Reynolds number, R
NATIONAL ADVISORY

Flgure 2.. Concluded.

COMMITTEE FOR AERONAUTICS



L ] L
(@}
- -
i i -
SR i 553
43 18 1 1
5 : SR == = T
S ¢ ogmin e o
i 5 5t mme S e B
BEHE =2 sz =~ B =
g FH —~ FoY, o H bt o
[ Lol o] —+
kst 0 : Bl £
+ [©] () Rt m tH i
2§ Bt : o
e, C Es i, e 2
o e 5= i
£ v .w e} o w i £
HEE o oo gEs i
H 10 > B % wc.u b HH
fisd hetas e sas! i
L 0T a A E, £15222 i 238 o
if " O DS K- : + 3
g 0L m S8 oyt can 5 Hi
[H Vi o] O o e « A
o A M“ 2] m ] s I S HHb
o i HT
<o O W t o HH
T I 0 Hum.
Pt 1 ann i w HH ~
—HAN K I 2 g )
(1T O (@)
53! . = =i
HH o e N
s HHHH __.k ..m AER1 FRBSY (i I FEE £
3. HiFHH HEAHH SEEEERS
~ mw .Wn(» HH __& kel faessz
1 o OO O il i Rhy feeai nas _.: o B =
H . . . H f et ey it ) /
£233 oo O £ ) = i S S i Ses: SIER:
£ 8 = SE8 B! 2 .wﬁ 1S58 i5 SEE H
22222s] E: H =SSSsSs 22223 =R
o+ X I i I e e e
i S sy i : i
o [+ i m =t
G e S| w i 5 4
t s i © i His m H o
SRR =3 = 3 i i .m ==
£ i n Mw : e e M i
Eiind e e st =
Tt o e o
e m:
e sau
: = _
T
I
¥ i I 1]
“ 1] Y m *
i
| il o~
OO0 O O © o o o OON@D -0 N = 8 o
O oD M~ N o N I HOO O O O ©O o o =
(@)= (@l lo) (@) [&) o o oo O O O O o © (@] o
AETE TG D D . . A % o o . . . 5 F
—~

9 “3uaTO0TJ]900 F8Ip UOTI08S

Reynolds Number, R x 10'6
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airfoil section with the skin friction of smooth flat plates.

Figure 3.-



