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By Albert L. Braslow
SUMMARY

The effects of various camouflage paints and painting
procedures on the drag characteristics of a 60-inch-chord
low-drag airfoil have been investigated in the NACA two-
dimensional low-turbulence pressure tunnel. A typical
field application of camouflage paint increased the sec=-
tion drag coefficient of the aerodynamically smooth air-
foil at a Reynolds number of Ll x lO6 from C.00L6 to
0.0079 at a section 1ift coefficient of 0.3 and from
C.0053 to C.0086 at a section 1lift coefficient of 0.7.

For a camouflage painted surface unimproved after painting,

increased care taken in the application of the paint
resulted in an increase in the maximum Reynolds number
at which low drag coefficlents were obtainable, This

maximum Reynolds number did not exceed 22 X 10° for any
of the surface conditions tested unless the surfaces were
lightly sanded after painting. 1In order to approach the
drag cheracteristics of the aerodynamically smooth air-
foil section at high-speed and cruising 1lift coefficients
end flight Reynolds numbers, it was necessary to sand the
airfoil surfeces lightly after painting.

INTRODUCTION

Application of camouflaege paint to airplane wings
has been found to decrease the smoothness of the surface
of the wing with a resultant increase in the drag of the
airfoil. It was believed that the care taken in the
preparation and application of the paint was the pre-
dominant influence upon the resultant drag characteristics
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rather than the inherent qualities of the paint. A »nre-
liminary investigation was therefore made in the NACA
two~dimensional low-turbulence pressure tunnel to deter-
mine the effects on the drag characteristics of various
camouflage painting procedures and of two types of camou-
flage paint. The model tested wes of 60 inch chord and
had an NACA 65(h21) -420, a = 1.0 eirfoil section. Tests

were made over an approximate range of section 1ift
coefficient from —O.h) to 0.90 af approximate Reynolds

numbers from 6 x 108 to 63 x 106,
DESCRIPTION OF MODEL AND PAINTING PROCEDURES

The model, of 60-inch chord, was constructed of
metal in the shops at the Lengley Nemorial Aeronautical
Laboratory and had an NACA 65 9(121) =420, a = 1.0 airfoil

section. The metal skin was made in one piece from

50. 8 percent of the cbcrd on the lower surface around
the leading edge to 50.& percent of the chord on the
upper surface. This construction eliminated skin
Jonnts end rivets in the region of laminer flow forward
of the point of minimum pressure, which is located at
50 percent of the chord. The model was first painted
with lacquer primer surfecer, sanded to an aerodynamically
smooth finish, and tested to obtain section drag coeffi-
clents as a basis for Oﬂmpari on of the camouflage paints.
Lacquer camcuflage paint was then sprayed on the model
and tested in an unimproved oondltion after painting, as
was a synthetic-enamel camnuilage raint. Both these
camouflage finishes were also tested after spﬂcks had
been removed by two methods described hereinafte The
painting procedures used on the mecdel for ezach condition
are as follows:

Procedure 1.~ Painted with lacquer primer surfacer,
glazed locally with pyroxylin putty where needed, and
sanded to obtain an aerodynamically smooth surface.

Procedure 2.- Painted with Berry Brothers lacquer,
cellulose nitrate, camouflage, Wo. L3 neutral gray.

(1) Paint stirred thoroughly
(2) Paint streined through fine cheesecloth

(2) Paint thinned with lacquer thinner ir ratio
of 2 perts thinner to 1 part paint
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(1.} Model sanded clean

(5) Kodel sprayed with double coat of paint
using chordwise strokes of spray gun
for last coat

(6) Model sprayed with single coat of lacquer
thinner using chordwise strokes of
spray gun

Procedure %.- Painted with lacguer camouflage paint,
nlive drab, shade Ll, U. S. Army specification 11105 on
spper surface and neutral gray, shade L2, U. S. Army
specification 11105 on lower surface. Paint apnlied at
. S. Army Sub-Depot at Langley Field saccording to a
field procedure used there on service airplanes.

(1) Paint stirred

(2) Paint thinned with lacquer thinner in
ratio of 1 part thinner to 1 part paint

(2) ¥odel washsed with lacquer thinner and wiped
with cloth

(L) Mocel sprayed with double coat of paint

Procedure L.- Painted with synthetic-enamel camou-
flage paint, bDupont camouflage 71-009, dark earth.

(1) Paint stirred thoroughly

(2) Paint strained through fine cheesecloth

(3) Paint thinned with synthetic-enamel thinner
(Shervin-¥illiams Aerotol) in ratio of
3 parts paint to 1 part thinner

(5) Model sprayed with double coat of paint
using chordwise strokes of spray gun
for last coa

(6) Model sprayed with single coat of

<
enamel thinner using chordwise strokes
of spray gun

ynthetic-

€
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Procedure 5.- Painted with synthetic-enamel camou-
flage paint, DuPont camouflage T71-009, dark earth.

(1) Peint stirred thoroughly
(2) Paint strained through coarse cheesecloth

(3) Paint thinned with synthetic-enamel

thinner (Sherwin-"illiams Asrotol) in
ratio of 3 parts paint to 1 part thinner

(4) ¥odel sanded clean

(5) I'odel sprayed with double coat of paint
using chordwise strokes of spray gun
for last coat

After the model spnrayed with lacquer camouflaze naint
according to nrocedure 2 was tested, the surface was
sanded lightly by hand in a snordwise direction with

No. 320 carbarindun paper to remove &ll specks. nf*pr
the model evnrsyed with synthstic-snomel camoufla veaint
according to procedure i was tested, the specks ere cut
of f with a steel blade pushed lightly across Lne surface
at the locations of the specks. %With the exception of

painting orocedure 1 for the aerodynamically smooth air-
foil, nelther the sanding orocess after nainting nor

the removal of specks wlth a steel blade is included in
the term "painting nrocedure" used herein.

EST METHCDS

b=
Iea|

ere made in the NACA two-dimensional.
low-turbulence pressure tunnel. The section drag coef-
ficients wers obtained by the wake-survey method, in
which an integrating manometer was used. A manomster
arrengement, which integrated the 1ift reaction of the
model on the floor nﬁd ceiling of the tunnel test sec-
tion, was us=sd to obtain the sectior 1ift coefficients.
Details of test msthods are given in referesnce 1.

The tests w
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RESULTS AND DISCUSSION

The drag data obtained are preaented in figures 1
to 6 as variation of section drag coefficient cg with

Reynolds number R and in figures 7 to 12 as wariation
of section drag coefficient c¢g with section 1ift coef-
ficient c¢j; at four Reynolds numbers. The polars at
these four Reynolds numbers are replotted in figure 13 to
facilitate comparlison of the results for the six surface
finishes tested. The section drag coefficients obtained
with the aerodynamically smooth surface (painting pro-
cedure 1, figs, 1 and 7) serve as a basis for comparison
and are referred tc as "basic drag coefficients."

When the airfoil was sprayed with lacquer camouflage
paint according to procedure 2, the snctwon drag coef-
ficients at a section angle of attack of 0° showed no
appreciable increase over the basic drag coefficients

for Reynolds numbers less than 20 x 10° (fig. 2). The
section drag coefficlents outside the low-drag range were
slightly higher, however, than the basic drag coefficients

(fig. 13). At Reynolds numbers higher than 20 x 10°,
the section drag coefficient increased conulderably from
& basic section drag coefficient of 0.004)L to approxi-
mately 0,0078 at a section angle of attack of 00 (figs. 1
and 2). The surface was then sanded lightly with No. 320
carborundum paper to remove dqust, lint, or palnt specks.
When the specks were removed, the section drag coeffi-
cients were slightly reduced at Reynolds numbers less

than 1 106 (fig. 3) and were reduced from 0.0078
(fig. 2) to 0.0060 (fig. 3) at the higher test Remolds
numbers. The Iinconsistency of the sharp increase in drag
with Reynolds number as the pressure of the tunnel air
(referred to as "tank pressure) was increased led to an
examination of the model, which disclosed ‘scratches 1in

the surface probably caused by the previous sanding. Al-
though the reason for this inconsistency with increase in
tank pressure is not definitely understood, it is possible
that dust &and oll vapor introduced into thv air stream by
the air compressors may have accumnulated in the cratohes
with a resultant increa in roughness. The mod0¢ there -~
fore was resanded with Po. 1,00 carborundum papsr, which

is lighter than No. %320, to avoid sanding through the al-
ready thin layer of camouflage paint. Although the in-
tenslty of light reflected from the alrioil surface after
the second sanding was slightly greater than for the un-
sanded condition, the sanded surface could still be con-
sidered nonspecular, Removal of the scratches reduced the
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wPCtiCﬁ drag coeffisients at a section angle of sttack
of 0° to values that are approximately esqual to the
values of the aerodynamically smooth alrfoil up to the

highest test Reynolds number, which was 52 X 106. The
section dreg coeffisients were, however, still slightly
higher than for the asrodynemically smooth airfoil out-
side the low-drag range (fig. 1%).

When the airfoil was sprayed with lacquer camouflage
palnt at the U. S. Army Sub-Depot at Langley Field (pro-
cedure 3), the section drag cosfficients were higher than

for the serodynamically smooth airfnil throughout the
entire range »f test Reynolds number. (Zompare fig.
with fig. 1.) Vhen the model was sprayed with a similar
paint at TLMAT (procedure 2), section drag coefficients
approximately as low &s for the aerodynamically smooth
atrfoil wrrb obtalned un to a Rﬂynoln number of

20 x 10°. At the higher test Reynolds numbers, the
difference between the drag values for procedurss 2 and 3
was relatively small. The model surface, when painted
at the Army Sub-NDenot, contained a larger number of
gpecks than when oainted at LMAL, and specks have

been shown by these tests to be the cause »f large in-
greaseglin the section dreg coefficlent, It 1s believed
that the Army wainting orocpdlre could be improved by
insluding the use of paint strainers and a final spraying
of lacquer thinner over the surface, since the omission
of these steps was the main difference bstween the
painting proccedures of the Army and TlMAL and since both
visusl observation and touch indicated that the surface
spraved with a final coat of tnthh=r wes smoother.

LAdverse effects of specles were also evident when the
model was painted with synthetic-~enamel camouflage
(figs., 5, &, and 13). Figure 5 gives the drag results
of the model painted with synthetlc-enamel camouflage
with no coat of thinner applied and with the paint
strained through coarse rather than fine cheesecloth
(painting vprocedure 5). TFigure & gives the drag results
of the model spraved with synthetic-enamel camouflage
(painting procedure L) ther the specks had been cut
off with a steel blade. The model, which was not sanded
after removal of the specks, gave Twwcv drag valuss up
to a Feynolds number of Ll x 1 ) b than the model
sprayed with synthetic enamel wltb no specks removed.
A comparison of the polars nresented in figure 1% also
shows this result. '

CONFTDENTT AL
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An adverse effect on section 1ift coefficient of

specks on both the unimproved lacquer and synthetic-
enamel camouflaged surfaces may be noted in figures 1

to 6.7:4 section’1ift coefficlient of ' 0:52 was obtained

at & section angle of attack of OO fqr 8ll surfacs con-
ditions with spec' s removed (fig dgl 55 and 6), whereas
a' reduction in section 1lift “OPffiﬂien 7o) values of 0.29
and 0.30 resulted when specks were present on the surface
(figs. 2, L, and 5).

The painting »rocedures used for these tests were
not sufficlently controlled or varied systematically
enough to permit drawing very many definite conclusions
as to the quantitative effects of individual steps in
the procedures. The data are indicative, however, of
the drag results likely to be obtained on a low-drag
airfoil with camouflage painting procedures such as thoss
used. The results also show that the care taken through-
out the painting orocedure to reduce the number and size
of specks on the airfoil surface and to prevent an
torangs-peel" effect in the paint has an important
effect on the resultant values of the section drag
coefficient.

Most of the paint and .1int specks in the finlshes
were introduced during the pnreparation of the paint &and
in the cleaning of the surface before painting. A
large number of these specks can be eliminated by straining
the paint before spraying and by cleaning the surface
pefore straying by means other than washing with a paint
thinner The surface painted by procedure 3 contained

a lerge nuwbe_ of 1lint specks that were introduced wlen

the modsl was washed with lacquer thinner and wiped with
cloth. The use of a lacquer thinner to clean a
ler-base paint is considered inadvisable since the

is softened by the thinner so that lint and dust
Llckibosthehguriace.,

W oM Mm
He O
B

(7o W

An orange-peel effect in the naint finish msy be
reduced to a large extent by skill in epplying the
paint., This skill includes a knowlecdge of the correct
distance to hold the spray gun from the surface and the
pressure in the gun necessary to obtain a finish that
dries uniformly and not too rapidly. It is also of impor-
tance to spray the paint evenly over the surface without
thin or thick layers or running of the paint. Although
the benefits derived from the final coat of thinner are

not clearly indicated by these tests, it is fslt that
COTTTDE T A
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the thinner helps reduce the orange-peel effect since 3
both visual observation and touch indicated that the

surface which had been sprayed with a coat of thinner

wes smoother. The addition of this coat of thinner

increases the drying tiwe of the outer layer of paint and

permits the under layer to spread out over the surface

more smoothly without the orange-peel effect that might

occur as a result of too-rapid external drying.

Since the peinting procedures used for the lacquer
and synthetic~enamel cemouflage paints were not the
same, no definite conclusions may be drewn as to any
possible differences In results attributable to each
type of paint. FRegardless of the type of paint used,
the maximum Reynolds number at which the section drag

.coefficients of the aerodynamically smooth airfoil are

approached varies directly with the care with which the
paint is prepared and sprayed on the airfoll and the
method of cleaning the alrfoll surface before painting.
For the model unimproved in any way after painting,

this conclusion is clearly indicated in table I. It
should be noted, however, that the maximum Reynolds number
at which relatively low values of section dragégoeffi-
cient were obtalned in no case exceeded 22 x 10~ unless
the airfoil surfaces were lightly sanded after painting.
Table I also presents values of the section drag coeffi-
cient for all surface conditions tested at high-speed and
cruising 1ift coefficients and flight Peynolds numbers,
Section drag coefficients approaching those of the asero-
dynamically smooth airfoll were obtained at Reynolds

, " & : ;
numbers greater than 22 X 10~ only when the airfoll
surfaces were lightly sanded after painting.

CONCLUSIONS

The results of an investigation of the effects of
camouflage paints and painting procedures upon the drag
characteristics of an originally smocth and fair low-
drag airfoil indicated the following conclusions:

1, The effect of & typlecal field application of
camouflage paint unimproved after painting may be shown

1

in the fol}owing drag data at a Teynolds number
of Ll x 20°:

CONFIDENTIAL
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Section drag coefficient at =

> I f"*to
Surface condition section 1ift coefficient of

0.2 0.7

Tyrical field application 0.0079 0.0086
of camouflage paint

Aerodynamically smooth .ooL6 5(018)5%:

2. For a camouflage painted surface unimproved after
peinting, increased care taken in the application of the
raint resulted in an increase in the maximum Reynolds
number at which low drag coefficients were obtainable.

In no ce 258, however, did this maximum Reynolds number

(22 % 10°) extend into the flight range for large airplanes
for which the section tested would nornially be used. The
decrease in drag coeflficient resulting from improved
painting o“ocedurfs became less ulﬁﬂlflcaﬂu, moreover,

as the Eeynolds numbe” end 1ift coefficient were increased
o cruising values for large heavily losded airplanss.

3. In order to approach the drag characteristics of
the smooth and falr airfoil section at flight Reynolds
numbers, 1t was necessary to sand the airfoil surfaces
lightly after painting.

sngley Memorial Aeronautical Laboratory

v
o

Hational Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE .- EFFECT OF PATINTING PROCEDURE ON REYNOLDS

NUMBER AND DRAG CHARACTERISTICS
CONFIDENTIAL

Painting
procedure

Description of
surface condition

Maximum Reynolds number ca Zt Cd Zt
at which relatively low |R = 25 x 10° (approx.)|R = Ll x 10° (approx.)

values of section drag
coefficlient were obtained| ¢; = 0.3 |cy = 0.7 cy =0.3 | ¢y = 0.7

Typlcel field application
of lacquer camouflage
paint; unimproved after
painting

6

Less than L x 10 0.0083 0.0095 0.0079 0.0086

Careful application of
lacquer camouflage paint
with finel coat of thin-
ner; unimproved after
painting

20 x 106 0.0067 0.0083 0.0078 0.0088

Careful application of
synthetic-enamel camou-
flage paint with final
coat of thinner; specks
cut off after painting

22 x 1o6 0.00L48 0.0075 0.0070 0.0083

Careful application of
synthetic-enamel camou-
flage paint; no final
coat of thinner; unim-
proved after palinting

6

Less than 6 x 10 0.0065 0.0079 0.0066 0.0083

A rfoll surfaces 1lightly
sanded after painting

Greater than 52 x 106 0.0042 0.0053 0.0045 0.0062

Aerodynamically smooth
finish

Greater than 60 x 106 0.0041 0.0049 0.00L6 0.0053
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Figure 2 .- Variation of section drag coefficlent with Reynolds number for 60-inch-chord
NACA 65(h21)'h2°' a = 1.0 airfoll section; section angle of attack, 0°; ¢y, 0.29; lacquer

camouflage unimproved after painting; painting procedure number 2. Test, TDT L61.
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Pigure 4 .- Variation of section drag coefficient with Reynolds number for 60-inch-chord
NACA 65(),21)=20, & = 1.0 airfoll section; sectlon angle of attack, 0°; ci, 0.30; lacquer

camouflage applied by U. 8. Army unimproved after painting; painting procedure number 3,
Test, T™T 515.
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camouflage 1ightly sanded; painting procedure number 2. Test, TDT L61.
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Figure 5 .- Variation of section drag coefficient with Reynolds number for 60-inch-chord
NACA 65(),21)-420, a = 1.0 airfoil section; section angle of attack, 0°; ¢, 0.30; synthetic-
enamel camouflage unimproved after painting; painting procedure number S Test, TOT L99.
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Figure 6 .- Variation of section drag coeffizient with Reynolds number for 60-inch-chord

NACA 65 -120, a = 1.0 airfoil section; section angle of attack, 0°3 ¢;, 0.32; synthetic-
(h21) 3¢ v

enamel camouflage with all specks cut off with blade; painting procedure number L.

Test, TDT L86.

‘ON dD VOVN

LTOPT

"s871d

9°¢g




NACA CB No. L4G1l"7 CONFIDENTIAL Figs. 7,8

R
o1 x 106

;
2550
et

5e
. 012 5e

7.

<a

.008

_xl._._ /%

° OOL‘- —

i CONFIDENTIAL
"08 "').L O o).]. 08 102 1.6
Section 1ift coefficient, cy

Figure 7 .- Variation of section drag coefficient with section 1ift
coefficient for 60-inch-chord NACA 5(h21)-h20, a = 1.0 airfoll

Section drag coefficlent,

section; smooth condition; painting procedure number 1. Test,

DT 328.
NATIONAL ADVISORY
o 'COMMITTEE FOR AERONAUTICS
©15.0 x 10 4
.012 -+2h.6 e : :
o X 3L. A
o 208 CONFIDENTIAL
"y
5 X — X3
o = e A
% OG-+ +4—+ -
» oo
5 . 004
o}
(o)
o
°
LA CONFIDENTIAL
"08 -.h. O ch 08 102 1.6

Section 1ift coefficlent, ¢,

Figure 8 .- Variation of section dra% coefficient with section 1ift
coefficient for 60-inch-chord NACA 5(&21)- 420, & = 1.0 airfoil section;

lacquer camouflage unimproved after peinting; painting procedure
number 2. Test, TDT L6l.




+
*

NAGCA CB: No. L4GlY7 CONFIDENTIAL Figs. 9,10
R
©15.1 x 106

oy =012 ;2 -9
5 e
ity
8
5 .008 > z)
b 4 . /
P9 Xy
0 T Tt |
g .ool ==
(=]
(o]
o
4>
;.; CONFIDENTIAL

0

"08 -oh 0 0)4. t8 1.2 1.6

Section 1ift coefficlent,

o1

Figure 9 .- Varlation of section dra% coefficient with section 1.ft
5

coefficient for 60-inch-chord NACA

(h21)" L20, & = 1.0 airfoil section;

lacquer camouflage lightly ssnded; palnting procedure number 2. Test,

T 461,
R
015.0 x 106
.012 +2[1.7
o° X3lo3
aly. 6

T T

CONFIDENTIAL

Eh—de g Jo

.008 =5, %

.00l
|

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

CONFIDENTIAL

Section drag coefficient,

°.8 2 NIRRT g L T -

Section 1ift coefficlent,

1.2 1.6
&7

FigurelO ,- Variation of section dra% coefficient with section 1ift
S

coefficient for 60-inch-chord NACA (h21)~

420, & = 1.0 airfoll section;

lacquer camouflage applied by U. 8. Army unimproved after paintingj;

painting procedure number 3. Test, TDT" 515




NACA CB No. L4G17 CONFIDENTIAL rigss. -1L, 12

; 251" *x 106
.012 ~-2
o° X E.g
D L]
oy
=] :
b %
© ).S £
Gy g?kzr—X” (Y)G/
. \1}~§h:%§: o
o TO~= :
-1
5 .00k
=
(e}
o
°
] CONFIDENTIAL
O . 3 == =
".8 -oh O 'h .8 1¢2 106

Section 1ift coefficlent, ¢

Figure /1 ,= Varistion of section drag coerficient with section 1ift
coefficient for 60-inch-chord NACA 5(&21)- 20, & = 1.0 airfoil section;

: synthetic-enamel camouflage unimproved after painting; painting procedure
number 5. Test, TDT L99.

R
olh.g x 106
- -012 +2ho = i
X h: CONFIDENTIAL

o
=
£ oo8 Qﬁg
o .00 ;
5 e | gy
3 SISy L L 2
o o= — ;
8 r.{}\x—/ R T o NATIONAL ADVISORY |
% +HE—3 < COMMITTEE FOR AERONAUTICS
& .00k R
Lo]
: |
(o]
5 ,
° CONFIDENTIAL
N 0 5 > :

-.8 -t 0 J .8 1L 1.6

Section 1ift coefficient, ¢,

FPlgure /2 .- Varistion of section drlg coofrieient with section 1lift
coefficient for 60-inch-chord NACA 5(h21 )=420, & = 1.0 airfoil section;

synthetic-enamel camouflage with all specks cut off with biade;
painting procedure number L. Test, TDT 486.
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Paint Surface condition Pr;:Jcedure CONF IDENTIAL
© Lacquer primer surface Aerodynlnioallz;u.ooth 1
+ Lacquer camouflage Unimproved; psinted by LMAL 2 Paint Surface condition Procedure
X Lacquer camouflage Lightly sanded 2 © Synthetic-enamel camouflage All specks cut off
@ Lacquer camouflage Unimproved; painted by Army 3 &  Synthetic-ensmel camouflage Unimproved 5
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(a) R, 15 x 10° (approx.).
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+ Lacquer camouflage Unimproved; painted by LMAL 2 Paint Surface condition Procedure
X Lacquer csmouflage Lightly sanded 2 © Bynthetic-enamel camouflage All specks cut off
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Figure 13.- Comparison of drag characteristics of 60-inch-chord NACA 65(h21)-h20, a=1.0
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(b) R, 25 x 106 (approx.).

alrfoll section with six surface conditions.
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Paint Surface condition Procedure CONF IDENT IAL
Lacquer primer surface Aerodynamically smooth 1
Lacquer cemouflage Unimproved; painted by LMAL 2 Paint Surface condition Frocedure
Lacquer camouflage Lightly sanded 2 © Synthetic-ensmel camouflage All specks cut off
Lacquer camouflage Unimproved; painted by Army 3 A Synthetic-enamel camouflage Unimproved
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CONFIDENTIAL (e) B, 35 x 10° (approx.). CONFIDENTIAL
Paint Surface condition Procedure
Lacquer primer surface Aerodynamically smooth 1
chuer canoaﬁnse &"éﬁi’?"d’a"ih’“" by LMAL g Paint g gurrlce condition Procedure
cquer camo age y sande & Synthetic-enamel camo age All specks cut off
Lacquer camouflage Unimproved; painted by Army 3 A Synthetlic-enamel camouflage Unimproved
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Section 1ift coefficlent, ¢,

Section 1lift

(@) R, 45 x 106 (approx.).

CONFIDENTIAL Figure 13.- Concluded.

coefficient; ¢,
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