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INVESTIGATION OF EFFECTS OF VARIOUS CANMOUFLAGE PAINTS

LND PAINTING PROCEDURES ON THE DRAG CEARACTERISTICS

OF AN NACA -1i20, a = 1.0 AIRFOIL SECTION

2(l21y”
By Albert L. Braslow

SUMMARY

The effects of various camouflage paints and painting
procedures on the drag characte ”l“thS 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 camouflege psint increased the sec-
tion drag coefficient of the aerodynamically smooth air-

foil at a Reynolds number of Ll x 10° from C¢.00L6 to

C.0079 at a sectlon 1lift coefficient of 0.3 and from
0.005% to C.0086 at a section 1lift coefficient of 0.7.

For a camouflave painted surface unimproved after painting,
increased care taken in the application of the paint
r@sulued in an increase in the meximum Peynolds number

at which low drag coefficients were obtainable This

maximum Reynolds number did not exceed 22 X 10o for any

of the surface conditions tested unless the surfaces were
lightly sanded after painting. In order to approach the
drag characteristics of th aevodynamically smooth air-
foil section at hlgh-specd and cruiging 1lift coefficients
and Tlight Reynolds numbers, it was necessary to sand the
airfoil surfaces lightly after painting.

fpplication of camouflage paint to airplane wings
hss been found to decrease the smecothness 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
sreparation and applicetion 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 pre-
liminary investigstion was therefors made in the NACA
two-dimensional low-turbulence pressure tunnel to deter-
mine the effects on the drag characteris+ﬁ0° of various
camouflage painting procedures and of wo types of camou-
flage peint. The moﬂel tested was of 60- luvh chord and
had an NACA 65(u21) -420, a = 1.0 girfoil section. Tests

were made over an &pproximate range of section 1ift
coefificient from —O.¢5 to 0.90 at approximate Reynolds

numbers from & x 10° to 63 x 10
DESCRIPTION OF MODEL AFND-PAINTING PROCEDURES

The model, of 6é0-inch chord, was constructed of
metal in the shops st the Ls glev Nemorial Aeronautlca1
Laboratory and had an NACA 65 S(L21) -420, a = 1.0 airfoil

section., The metal skin was made in one'piece from

'50.8 percent of the chord on the lower surface arcund

the leading edge to 50.& percent of the chord on the
urper surface. This co *st”uCtiﬁn eliminated skin

joints end rivets in the region of laminar 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 acrodynamicsally
smooth finish, and tested to obtain sectlon drag coeffi-
clents as a hasis for comparison of the camouflage paints.
Lacguer camouflage paint was then sprayed on the meodel
and tested in an unimproved condition after painting, as
was a synthetic-enamel camoufllsge paint. Both these
camouflage finishes were also tested after specks had:
been removed by two methods described hereinafter. The
painting o»rocedures used on the model for each condition
are as follows ‘

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

Procedure 2.- Painted with Rerry Brothers lacquer,’

cellulose nitrate, camouflage, No. L3 neutral gray.

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

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

e _I%
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Modél saﬁded clean

Model sprayed with cGoub

using chordwise strok

for last coat

(6)

Mo

del sprayed with sing

AN

le coat of paint
es of spray gun

le coat of lsacquer

thinner using “hordw1se strokes of

spray gun

Procpdure %4,- Painted with lacqu
olive Gran, snade L1, U. S. Army spec
upper surface anﬂ neut”al gray, shade

specification luLOS on lower surfeace.
J. 3. Army Sub-Depot at Langley Field.

field procesdure used there on service

1)

14

{ Paint stirred

Paint thinned with lacguer

er camouflage paint,

ification 11105 on

L2, u. Army
Paint applied at
sccording to a
gairplanes,

S.

thinner in

ratio of 1 part thinner to 1 part paint

(3) ¥odel washed with lscguer thinner and wiped
with cloth

(1) HMocel sprayed with double coat of paint

Procedure L - Painted with synthetic-enamel camou-
flage peing, Lafont cancuflsgze 71-G0%, dark earth.

(1) Paint stirred thoroughly

(2) Paint strained through finz cheesecloth

(3) Faint thirnned with synthetic-ensmel thinner
(Sh=““-~-hilliams Lzrotol) In ratio of
% perte peaint to 1 part thinner

(L.} Model sandsd clean

(5) #oGel spraved with dcuble coat of paint
using chordvise strokes of spray gun
for lazt cosat

(6) HModel sprayed with single coat of synthetic-
gnamel Lhinner using cﬁordwise strckes
of spray gun
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Procedure 5.- Painted with synthetic-enamel camou-
flage »aint, DuPont camouflage T71-009, dark earth.

(1) Paint stirred thoroughly '
(2) Paint strained through coarse cheesecloth .

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

(li) ¥odel sanded clean

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

After the model sprayed with lacquer camouflage naint
according to nrocedure 2 was tested, the surface was
sanded lightly by hand in a chordwise direction with
No. 320 carborundum paper to remove all specks. After
the model sprayed with synthetic-enamel camouflage vpaint
according to procedure ! was tested, the specks were cut
of f with a steel blade pushed lightly across the surface
at the locations of the spezks. With the exception of
painting procedure 1 for the aerodynamically smooth air-
feoil, neither the sanding wnrocess after painting nor
the removal of speclss with a steel blade 1s included in
the term "painting orocedure'" used herein. ‘

TEST METHODS

The tests were made 1in the NACA two-dimensional.
low~turbulence pressure tunnel. The section drag coef-
ficients were obtained by the wake-survey method, in
which an integrating manometer was used. A manomstsr
arrangement, which integrated the 1ift reaction of the
model on the floor and ceiling of the tunnel test sec-
tion, was used to obtain the section 1ift coefficients.
Details of test methods are given in refersnce 1.
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RESULTS AND DISCUSSION

The drag data obtained are presented in figures 1

to 6 as variation of section drag coefficient cqg with
?ewvnolds number R and in figures 7 to 12 as variation
of section drag coefficient cgq with section 1ift coef-
Ticlent c¢; at four Reynolds numbers. The polars at
these four Reynolds numbers are replotted in figure 13 to
facilitate comparison of the results for the six surface
finishes tested. The section drag coeifficients obtained
with the aerodynamically smooth surface (painting pro-
cedure 1, figs, 1 and 7) serve as a basis for comparison
and are referred to as "basic drag coefficients."

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

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

(fig. 13). At Reynolds numbers higher than 20 x 10

uhe section drag coefchienv increased con iderably from
& basic cection drag coefficient oi 0.00LL to approxi-
at 1y 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 dust, lint, or paint specks.

vhen the specks were removed, ‘hp section Arag coeffi-

cients were slightly reduced at Reynolds numbers less

than 1 ~ 10° (fig. 3) and were reduced from 0.0078
fig. 2) to 0.0060 (fig. 3) at the higher test Revmolds
ult 8. The inconsistency of the sharp increase in drag
th 7eynolds number &as the pressure of the tunnel air
eferred to as "tank pressure') was increased led to an
cxaxrination 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 o0il vapor introduced into the air stream by
the air compressors may have accumulated in the scratches
with a resaltant increase in roughness. The model there-
fore was sanded with Ho. LO0O carborundum paper, which
is lighter than No. 320, to avoid sanding through the al-
ready thin layer of camouflage paint. Although the in-
ensity of light reflected from the airfoil surface after
the second sanding was slightly greater than for the un-
sanded condition, the sanded surface coulid still be con-
sidered nonspecular. Removal of the scratches reduced the
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a2t a cectlion angle of attack
epproximataly =2qual to the
ally smooth sirfoil up to the
7

secticn drag coeffisients
of 0% to velues that ars
values of ths gerodynamlca

hishest test Reynolds number, which was 52 x 10%, The
gection drag coeffisients were, however, still Slightly
highsr than f{or the serodynamically smooth alrfoil out-
side the lew-drag range (fig. 13%).

il was sprayed with lacquer camouflage

Army Sub-Dspot at Langley Field (onro-

ction drag cosfficients were higher than

11y smooth elrfoil throughout the

st Ley 1dlds nuwber. (”omndre fig.
similar

When the air
vaint at the . &
edure %), the se
for the aerodinam
entire range »f t
witix fig. 1.) vhen the model was sorayed with a

(D () .
O
o
Joued

naint at LNAT, fnroceiuve 2), chtlsu qrag coefficisnts
anoﬂOX\W1TPl as low &s for the aerodynamically cmooth
alrfcil WPPL obteined un to a Reynolds number of

20 X JDO At the higher test Teynolds nambers, the
difiference batween the drag values Ior nrocedurss £ and 3
was relatively small., The model surfacs, when painted

at the Arwy Sub-Tenot, containsd & Ldrgvr numbar of
ananls than when palnted at LidAL, i spacks have
been shown by these tests to be th use of large in-
creases in the section drag coeffli t. It is believed
that the Arwy oainting procedars < be imnroved Yy
inciuding the use of paint strainers and & final sporaying
of laﬂ“uny thinner over the swr’qcc, stnee the omission
of thesge steps was the maln differsince bstween the
painting vrecadures oi the Army and LIAL and since both
visusl observaticn and touck indicated thal the surface
spraved with a final cost of thinner wess smoother,

Adverse effects of snecls upre also evident when the

model wags rainted with synthetic enqmel camouflage

(figs. S, €&, and 13), Tigure 5 gives the drag w@sults
of the wmodel painted with synthetic-enamel camouflag
with o coat of thinner anplied and with the valnt
strained through coarse “ather than fine chessecloth
(npainting procedure §5). TWigure 6 gives the drag results
of the model spraysd with synthetic-enamel udﬂﬂﬂllﬂgﬁ

(painting procedure i) after the svecks had been put

of f with & stesl blade. Ths model, which was not sanded
after removal of thes spsciks, gave 1OWLV drag valuses up
to & Feynolds number of Ll x 10Y then the model
sprased with synthetic enamel with no spacky remove

[\

¢

n
& comparison oi the nolarsz oresented in figure 1% also

shows this result.
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£n adverse effect on section 11ift coefficient of

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

to ©. A section 1ift coefficient of 0.32 was obtained

at 2 section angle of attack of 0° for al’ surfacse con-
ditions with specs removed (figs. 1, 3, and &), wherea

a reduction in section 1lift CObfflPisn to values of OLﬂ
and 0.3%0 resulted when specks were present on the surface
{figs. 2, li, and 5).

Tho vrainting nrocedures used for these tests were
not sufficiently 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
airfeil with camouflage painting procedures such as thoss
ussd, The results also show that the care taken throeough-
out the painting orocedure to reduce the number and szize
of speckes on the airfoil surface and to nrevent an

nge-peel" effect in the paint has an important
t on the resultant values of the section drag
i

h

[¢]

Most of the vaint and lint specks in the nis
were introduced during the orepsasration of the int
in the cleaning of the surface before Dalntlhh. A
large number of these specks can bes eliminated by straining
the zaint before soraying and by cleaning the surface
pafore spraying by means other than waeshing with a peaint
thinner. The surface :>u.1nte’q by nrocedure 3 contained
a2 lerge number of lint specks that were introduced when
the model was wached with lacquer thinner and wiped with
2 cloth. The use of a lacquer thinner tn clean =
lacguer-base paint is considered inadvisable since the
paint 1s softened by the thinner so that lint and dust
may stick to the surfacs.

“_'5 i
m |...|.

S
nd

j$a]

"

kn orange-pesl effect in the maint inish msy be
reduced to a large extent by skill in applying the
vaint. This skill includes a knowledge of the correct
distence to hold the spray gun from the surface and the
pressure in the gun necessary to obtain a finish that
dries uniformly and rnot too rapidly. It is also of impor-
tance to spray the paint evenly over the surface without
thin or thick 1ayer“ or running of the paint. Although
the benefits derived from the final coat of thinner are
not cleavly indicated by these tests, it is felt that

<t

- P
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the thinner helps reduce the orange-peel effect since
both visual observationr and touch indicated that the
surface which had been sprayed with a coat of thinner

was smoother. The addition of this coat of thinner
incresses the drying time of the cuter layer of paint and
rermifts 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 ezxternal drying.

Since the peainting procedures used for the lacquer
and synthetic-enamel camouflsge peints were not the
same, no definite conclusions may be drawn as to any
possible differences in results attributable to each
type of paint. Hegardless of the tyce of paint used,
the meaximum QeynOL&c pumbur at which the section drag
coefficients of the aerodynamically smooth airfoll are
approached varies directly with the care with which the
paint is prepared and syrayed on the airfoil and the
method of cleaning the alrfoll surface before painting.
For the modél unimproved in any way after painting,
this conclusion is clearly indicated in table . 1t
should be noted, however, that the maximum Reynolds number
at which relatively low values of section dragégoeffi—
cisnt were obtained in no case exceeded 22 X 10~ unless
the airfoil surfaces were lightly sanded after painting.
Table T also presents values of the section drag coeffi-
cient for &1l surface conditions tested at high-speed and
crulsing 1ift coefficients and flight Peynolds numbers.
Section drag coeffizients amrwoach1nf those of the aero-
dynamlcallv emonth airfoll ver@ cbtalned at Reynolds

numbe rs greater than 22 X ’O only when the airfoil
surfaces were lightly sanded after painting.

CONCLUSIONS

The results of an investigation of the effects of
camouflage peints and rsesinting procedures upon the drag
characteristics of an originally smooth and fair low-
drag airfoil indiceted the following conclusions:

1. The effect of a typical field application of
camouflage paint unimproved after painting may be shown
in the following drag data at a Feynolds number

‘
of Iy x 107

dnaignm
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Section drag coefficient at a

. section 1lift coefficient of
Surface condition ke

O.Z O"?

Typical field application 0.0079 0.0086
cf camouflage paint

Aerodynamically smooth . 00L6 .0053

2. Por a camouflage rainted surface unimproved after
pseinving, increased care taken in the application of the

a

paint resulted in an increase in the maximum Reynolds
number at which low drag coefficients were obtainable.

n no case, however, did this maximum Reynolds number

(22 x 10%) extend into the flight range for large airplanes
for which the section tested would normally be used. The
decrease in drag coefricient resulting from improvsd
painting procedures bscams less significant, moreover,

s the Reynolds number and 1iift ccefficient were increased
to cruising values for large heavily loasded airplanes.

3. In crder to approach the drag characteristics of
the smooth and fair airfoil section at flight Reynolds
numvers, 1t was necessary to sand the airfoil surfaces
lightly after painting. :

Langley Field, Va,.
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Figure 7 .- Variation of section drag coefficient with section 1ift
coefficient for 60-inch-chord NACA 5(1421)'1‘20 &8 = 1.0 airfoil

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

TDT %28,
. NATIONAL ADVISORY
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Figure 8 .- Varistion of section drag coefficient with section 1lift _
coefficlent for 60-inch-chord NACA 5(&21)- 20, & = 1.0 airfoil section;

lacquer camouflsage unimproved after painting; painting procedure
jumber 2.  Test, TDT h 1.



NACA CB 3ee. LAGL¥+  seoe "o° ooubipitertr *° °°° Figs. 9,10
R
. ol 1 x 106
.012
& xz&9
iy .
5 x
oy
o ,008 0! £
2 \\*:::?:il /
° X /rép
w A
S.oou =g=t¥
[=}
(o]
o4
FS )
(4]
2 X T -
(73] 0 ]
’_08 -'h 0 ob. ’ 08 1.2 1.6
Section 1ift coefficlent, ¢,

Figure 9 .~ Variation of section drag coefricient with section 1.ft
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coefficient for 60-inch-chord NACA

0 a

(h21) = 1.0 aiffoil section;
~lacquer camouflage lightly sanded; painting procedure number 2. . Test,
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FigurelO ,- Variation of section dra% coefficient with sectlion 11ift
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coefficient for 60-1inch-chord NACA

(h21)"420, &

= 1.0 airfoll section;

lacquer camouflage applied by U. 8. Army unimproved after painting;
palnting procedure number 3. Test, TDT 515.
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synthetic-enamel camouflage unimproved after painting; painting procedure

number 5. Test, TDT L499.
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