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This repert presents the detailed results of a study of temperatures
attained in a dummy wing, A summary of these results is given in Ferest
Products Laboratory Mimeograph No, 1343A.

Introduction

The wings of aircraft enclose air spaces that are vented to the out- ‘
side atmosphere only through a limited number of very small holes that provide
little or no circulation of air through the spaces when the craft is at rest
on the ground, For that reason, higher temperatures ave attained within the
wings and within_ the plywood wing coverings than those prevailing in the sur-
rounding atmosphere, - The use of camouflage paints of dark colors contributes
to the absorption-of ‘heat from sunlight and the attainment of still higher
temperatures, The experiments herein described were made to supply data on
the magnitude of the temperatures so attained. Information was also sought
about the relative temperatures attained when the wing surfaces are finished
with paints of different colors and different reflective power for infrared
radiation. No attempt was made t4 determine temperature conditiens that might
prevail 'in an aircraft wing during flight and, in view of that limitation of
objective, the dummy wing used resewbled an aircraft wing only to. the extent
of being a skin of aircraft plywood glued around a light frameweri of wood,
not to the extent of following aircraft preportioning and contouring, e

1m

=This mimeogreph is. one of a series of progress reports issued by the Forest
Products Laboratery to further the Nation's war effort., Results here re—
ported are preliminary and may be revised as additional data becomes
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Details of Construction of Dummy Wing

The dummy wing (fig, 1) was made with parallel sides in such a manner
that both edges simulated leading edges having a 2-inch radius of eurvature,
This type of construction was adepted for two reasons: first, it was simple
and convenient; second, it permitted testing a maximum number of treatments
of the leading edges, in which the plywood is sharply bent or glued t» shape.
The over-all size of the test structure was 4 by 28 bty 96 inches, The frame-
work was constructed of 3/4- by 4-inch solid spruce stoeck which was used for
the spars and all of the ribs. All ribs other than the end ribs were bored
with four 2-inch lightening holes. ;

The skin was &/32-inch aircraft plywood of 3-ply censtruction, applied
to the framework with the face grain parallel to the spars, Three species of
wood -~ birch, yellowpoplar, and mahogany -- were used in the face plies.,

Some of the details ef construction, together with the arrangement of the test
sections and the numbers assigned to them, are shown on the sketch ian figure 2.

The sketch shows the division of the dummy wing into six test sections
numbered 1 to 6, starting at the left., ZXach section consists of a central
poertion B, covered with panels of flat plywood, and two leading edges, A and
C, covered with curved plywood. Panels on the tops of the central portions
are designated By panels and those on the bottoms Bs panels, The plywood

skin on sections 1 and 2 was of yellowpoplar, that on 3 and 4 of wahogany,
and that on 5 and 6 of birch, '

Holes l/8.inch in diameter were drilled in the four cerners of each of
the bottom (By) test panels to simulate the vents in an actual airplane wing,

Holes were likewise drilled at 8-inch intervals in the flat bottam faces of
the leading edges.

Two glues, Butacite 4644, a thermoplastic pslyvinyl butyrate resin
glue (a licuid glue); and Tego, a high~temnperature thermssetting, phenol-
formaldehyde resin glue (film form) were used in the plywood constyuctian,
The leading edges were made by four different methods:

1, TFlat plywood bent dry and nailed in place,
2. TFlat plywood bent after soaking in cold water and
dried on a form before being attacied to the framewerk.
3, Flat plywood bent after soaking in hot water and dried
s on a form before being attached to the framework,

4. Plywood bag molded before being attached.

Some of the pieces of flat plywood for the top and bottom surfaces of
the wing were nail glued in place, leaving the nails in place, whereas the
nthers were nail-strip glued, thereby leaving only nail holes, Details of
the plywood comstruction, including the type of glue, the method of gluing,
and the method of attashment to the frame, are recorded in table 1., & gg*

CRET S ’ e Moy 4

Light empper-constantan thermocouples of No, 30 gage were installed

in the dummy wing, In each case the thermocouples were placed at the center
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of the 16-inch square center sectiens,. Neo. thermeceuples-were installed in
sections 1 and 6, All thermecouples were checked before installaticn and
found to read 211° F, in boiling water, which is abcut right for the boiling
point of water at the elevation of ladison, The lecation of the thermo-
couples in section .2, 4,;.4, -and. b was as follcwsi

In section 2: _
One in the upper glue line of panel 2By,

One in the air space between panels 2Bj:and 2Bs.
‘One in the bettom clue line of pansl 2Bo.

In section
One in the air space between panels 3By &and 3Bg.

g

In section 4.
One in the air space between panels 4B; and 4Bs.

In section 5
One in the upper glue line of panel 53y.

One in the air space between panels 5By and 5Bo,
One in the bottom glue line of panel 5Bs.

Two more thermecouples were installed after the dummy wing was assem-
blied; ene (dipped in camouflage paint) was taped to the top surface ef panel
3By and the other was suspended by string about 6 inches below panel 3Bg, in

the shade., The thermecounles installed in the air spaces within the wing were
placed about 1/2 inch from the top (By) panels., Their positions are more

clearly shown in the end view of the diagram given in figure 2,

4 central constantan lead was strung from section 5 to the outside
opening in section 1 and constantan leads were extended from it to tihe thermo-
couples, Individual copper wires were led from each thermocecuple te the
epening in sectien 1l At this point, 20-foot extensicns of copper and
constantan wires were soldered to the respective leads and all of the wires
were taped into a cable leading te the potentiemeter,

Finishes Avplied to the Dummy Wing

a

After the wiring was coupleted, the interier of the dumwy wing was
finished, The Tuf-On finishing system designed by the Wipe-On Corpsratien
wag used in finishing the intericr and exterior of the dummy wing, -Among the
interlior surfaces, only these «af sections 2B, 3B, 4B, and 5B were finished,
All finishes were applied by brush because the Laboratory is not equipped to
spray.an object of this silze, Sections 2B and 3B were given a coat of clear
sealer (Tuf-On Mo, 74 clear sealer), which was followed 1 hour later by a coat
of aluminized sealer (1—1/2 pounds aluminum paste to 1 gallon of No, ‘74 clear
sealer), - Sections 4B and 5B received 2 coats of the Tuf-On No, 74 clear
sealer, Leavy cardboard separators were stapled to beth sides of the center
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rib (fig. 1) for the purpose of dividing the interior of the test struvcture
into two separate coupartments, The bottom test panels were then nailed into
place on the frame with 1/8-inch wire brads.

iie exterior finishing systems were next applied, as follows:

Jor yellowpopler and birch, 1 coat Tuf-On No. 74 clear sealer; 1 coat
Tuf-On Lo, P-40 primer surfacer, and 2 coats Tuf-On o, 261 dark olive drah
camouflege enanmel.,

For mahogany, 1 coat Tuf-On Mo, 74 Tillery 1 cogt Tufs0n No, FP~20
primer svrfacer, and 2 coats Tuf-On o, 261 dark olive dreb camouflage.

liost of these were fast-drying finishes designed for repid =roduction
work; it was hence necessary to reduce them with kerosene in order to apoly
them with a orush.

Zxposure of the Dummy "ing

The dummy wing was then ready for exposure. Accordingly, on July 1,
1942, it was mounted on a hinged supporting rack on the south promensde out-
side the wain Forest Froducts Laboratory building, with the north end about
2 feet from the building, The dumumy wing was mounted so that the spars were
in a north-south line and the section sloped to the south at an angle of about
7° from tie horizontal, This angle was selected because it was thougnt to be
representative of the wmsximum dihedral for a modern plane wing, Haturally,
since this angle was constant, the wmeximun angle of elevation of the sun de-
creased from day to day. Starting July 10, temperature readings were taken
at iantervals varying between one-half and 1 hour from 8 or 8:30 a,m. to 4:30
or 5 p.m,, except on rainy days, when fewer readings were taken. Atteantion
was also .iven to the recording of the weather, relative bhunidity, aad wind
velocity., Daily readings were taken until August 2«,

The readings for several of the wmore representative days are recorded
in table 2 :

In this location, the maximum angle of elevation of the sun was about
76°, at 1 p.m,, C,W,T., on July 10. The glass architectural panels of the
Laboratory building directly abcve the dummy wing reflected some lisht on it
between 11 a,m, and 3 p.m, This condition undoubtedly added somewhat to the
total radiatioa. The teuperature readings recorded on July 10 in this loca-
tion are given in table 2, I% should be added that the reflections from the
aforementioned glass panels were somewhat spetty and the inconsistent temper-
ature readings for this day are attributed to this circumstance,

srom table 2 it is seen that the maximum temperature of 184° ¥, was
recorded for thermocouple No, 1, which is located in the top glue line of
panel 58y. This reading was taken at 2 p,m,, at which time there was fo ap-

preciable wind, and the sky was clear.
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It was felt that wore accurate and consistent readings could be 00—
tained if the dwamy wing were erected further away froam the side of the duild-
in., at a moint where reflection from the glass panels could not fall on ift,
Accordingly, the test structure was moved 15 feet farther from the building
to its preseat location., (Fig. 3).

A cousparison of the teuperatures recorded on July 11 and July 17 is
very enligihtening. 3Both of these days were very cleer; however, the 11th was
extremely quiet, whereas the 17th was definitely windy. The maximum zlue~line
teuperature recorded on July 11 was 1756° F. at 12145 p.m. on thermocouple 8,
which is ia the top sxlue line of section 23, At tais time the sun was very
aesrly at its highest elevation, aad the air temperature in the shade was 86° T,
The asaximum .lue-line temperature on July 17 was only 155° T, (at 12 noon on
the saue tnermocouple) although the azir temperature in the shade at this time
was 94° ¥, Tuois would seem to indicate that the surface teaperature is af-
fected uzreatly by the velocity of air wovement over the surface,

A stucy of the readings taken on July 11 results in the further coa-
clusion that taie interior finish has an effect on both the top and vottom skin
teuwperatures, as well as a slight effect on the air tempersture witiin tne
enclosed space, The teuperatures for the top glue line in the section painted
on the inside with aluminum were slightly, but consistently, higher than the
corresponding teuperatures over the clear finish. As would be expected, siace
aluainum is a good reflector, the bottom skin temperastures were coasistently
lower in the aluminized sectioans than they were in the clear sections, The
air temper-tures in the aluminized sectioas varied from O to 3° F. lower than
those in the clear.seectioas.

The above observations are supported by the data recorded for other
days. Included in table 2 are the temverature readings recorded on August
11, 13, and 17, A couparison-of these shows the effect of wind and cloudiness
on the relative teuperatures, :

The test shows that, under the weather conditiods prevailing at Madison,
Wis,, for those days, other than July 10, designated in table 2, it was wo0s-
sible to attain a temperature of 175° 7, in the top glue line of a cwany wing
finished with the conventional dark olive drab camouflage paint with a maximum
su?angleto the wing surface of only 75° and an outside air temperature of
B . I,

Cracking and Delaminatien

On July 11, the second day of exposure, a crack in both the finish and
the face ply of veneer between sections 6B; and 6C was observed, These two
sections were of bireh plywood, glued with Butacite 4644, the therwoplastic
glue (teble 1). anperently, exposure to a temperature above 150° F., for sev—
eral hours softened the glue and allowed the top ply of veneer to shrink
slightly, The crack is shown in figure 4,
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Although cracks developed in the plywood skin glued with both Tego
thermosetting glue and Butacite 4644, they were far more general and more
severe waere Butacite was used,

Far better results were obtained with nail-strip gluing than with
plain nail gluing, In the case of the latter, the nails soon worked cut suff.
ficiently to crack the paint coating and permit the ingress of woisture, which
ultimately led to cracking around the nails, On the other hand, the slight
depressions left by the withdrawal of the nails on the nail-strip glued nenels
did not wrove a source of cracking, TFigures 4, 5, and 6 show different t;pes
of brealtdown of the skin and finish.

Moisture Content of ‘Wood Within the Dummy Wing

The variations in tewperature in the air space within the dumny wing
caused corresponding changes in the relative humidity within the enclosed
space which tended to set up fluctuations in the moisture content of the
wood, <rrotective fianish on the wood surfaces siould reduce the extent of
variations in moisture content taking nlace within short intervals of time;
but no finish would be expected to prevent changes in moisture content under
successive widely differing conditions which persist for a considerable length
of tiie.

To obtain preliminary data on the subject, arrangements were made to
insert two small pieces of spruce, one finished and one unfinished, in the
air space of section 6 of the dwmmy wing in such a way that they could be re-
woved, weighed, and reinserted periodically. The sipecimens were taken from
braces in a rib from a Fairchild trainer plane., They bore a generous coatiag
of clear sealer which is understood to consist of two ap lications of Tuf-On
No, 74 sealer. The coated surfaces exhibited a full, uniform varaish zloss
with numerous "runs" and "beads" where the coating was exceedingly thick,
Frem one shecimen the finish was comnletely removed by planing off apy roxi-
mately 1/64 inch from each face, The specimens were then cut to such length
that each contsined 0,38 cubic inch of wood, The dimensions then were, for
the speciuen protected with finish, l/é by 5/16 by 4—7/8 inches and, for the
unfinished specimen, 7/32 by 9/32 by 6~1/8 inches, The cut ends of tae fin-
ished sseciwen were given three coats of Tuf-On No, 74 sealer so that all
surfaces would be protected,

The specimens were dried to ccnstant weight at 105° C. and weighed.
One end-grein end of each specimen was then fastened by means of a small nail,
the weight of which was recorded, to the center of a rubber stooper, which in
turn was iaserted in a hole drilled in the end of section 6 of the duLiny
wing, (Fig. 3). The specimens therefore hung freely in the air space of
section 63,

The oven-dry weight of the unfinished specimen wes 2,701 graiss, that
of the finished specimen 3,047 grams. After the nortion of the work described
in this re ort had been completed, the specimens were brought to constant
weight in & room at 65 percent relative humidity and 80® F, The unfinished
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specimen then weighed 3,064 grams, representing a moisture conteant of 9,8.
percent, The finished specimen weighed 3,305 grams from which, assuming that

it likewise contained 9,8 percent moisture, the weight of dry wood was com-
puted to be 2,635 grams and thne weight of the finish 0,412 crams. In view of
the obviously thick coating applied and the wany thick runs aad beads of

finish left on the surfaces of the specimen, this weight of coatings seems

guite reasonsble, For purposes of calculéting moisture content from the changes
in weigat observed during these experiments, it was therefore assuamed that the
dry wood in the finished snecimen weighed 2,635 srams snd that the coating of
finish remeined constant in weight under all conditious.

Starting at the oven-dry condition when nlaced in the dwmmy wing at
11:30 cem, on July 18, both the finished and unfinished svecimens pro.ptly
began to absorb moisture, By 8 as.m. on July 20, the unfinished specimen
reached a moisture content of 5.5 percent snd the finished specimen one of
2.4 percent., The air temperature outside was then 68° F, and the teaperature
within the dumay wing 88° ¥, During the day the outside tempersture reached
a maximum of 87° F, and the enclosed air space 140° F, As a result, the
moisture content of the unfinished specimen fell te 5,1 percent but that of
the finished specimen continued to rise throughout the day, reaching 2.9 ver-
cent by 5 p,.m.

During the next 7 days of auch the same weather conditions (warm deys
with clear sky), the moisture content of the unfinished specimen alternately
increased during the night and dropped te a minimum during the day as the
temperature within the air space soared. The maximum moisture content ob-
served during this period was 6.3 percent and the minimum 4,6 percent. The
unfinished specimen was clearly in fairly close moisture equilibrium with its ‘
euvironment, and fluctuated as much as 1,1 percent in moisture coantent be-
tween morning and evening conditions, Apparently the unfinished s.ecimen
came to rougn equilibrium within 2 days after it was placed in tne cummy wing,
The finished specimen, however, required 6 days to approach closely enough to
rough equilibrium with the environment to exhibit a slight drop in moisture
content between moraing and afternoon. Uy to that time the moisture content
continued to increase during the daylight hours when that of the unfianished
specimen fell off, On July 22, for exauple, when the moisture coantent of the
unfinished s:ecimen at 8 a,m., 4 p,m., and 6:30 5,m, was 6,3, 5,2, and 5.4
percent respectively, that of the finished specimen was 3.7, 4,0, and 4.1
percent, respectively. By July 25, however, the finished specimen reached
4,552 ~ercent moisture content at 8 g,m, and dropped slightly to 4,518 percent
by 12 m. The moisture content of the unfinished specimen at this time was
about 5.1 percent, By 4 p.m., on July 27, the moisture contents nf finished
and unfinished specimens approachned within 0,3 wercent of each other, nauely
4,6 perceat for the unfinished and 4.3 nercent for the finished svecimen, If
the weatier had remained unchenged for another day, they probably would have
cowe to tne same moisture countent,

Zlioisture contedt was net determined accurately enough te justify exporessing
it to the second decimal place but the actual weighings of the snecimens
were reliable enough to show that on July 25 there was a slight loss of
moisture between 8 a,m, and 12 m, The second decimal nlace in moisture
contents is reported here only to show the direction in which such slight
changes took place,
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The next 3 days, July 28 to July 30, marked a change in the weather
from clear to overcast skies, with mich lower maximum temperatures within the
cummny wing in the middle of the day and less change in relative humidity
during the day, 3Both specimens responded to the change in weather by gaining
in moisture content, but the unfinished specimen reacted sooner and more
markedly, 3By 8 a,m, on July 31, the unfinished specimen reached 6.5 vpercent
and the finished svecimen 5,42 percent moisture content. July 21 was a clear
day with a maximum temperature within the dummy wing of 146° 7, at 3 n.m, and
a sharp drop in relative humidity during the day. 4s a result, by 4 n.m. the
molsture content of the unfinished specimen fell off sharply to 5,7 nercent
and that of the finished svwecimen to only 5,392 percent.

avgust 1 and 2 were again overcast with the unfinished specimea gain-
ing moisture wore rapidly then the finished specimen, but August 3 to August
S marked a resumption of clear days with soaring temperatures within the dumuy
wing and low minimuin relative humidities, At 8 a,m, on august 3 the unfin-
ished speciuen contained 7.5 percent and the finished specimen 6,75 nercent
moisture, but both specimens lost moisture during the day, the unfinished one
more rapidlr, until at 5 p.m.  they both reached 6,56 nercent, agreeing in
moisture content for the first time sinece their insertion in the duwuiny wiag,
In 9 hours the unfinished specimen lost 1.0 percent while the finished speci-
men lost only 0,2 perceat of moisture., On August 4, a gtill warnmer day with
relative humidity between 32 and 42 percent, the uniinished specimen dropped
1.3 percent and the fiaished specimen 0,6 percent in moisture content in a
space of 6 hours. ¥row 1l a.m, on August 4 to the early morning of August 6,
the finished specimen contained more moisture than the unfinished one, 4dugust
6 was cool and overcast and the finished specimen contained less moisture than
the uwnfinished specimen throughout the day; but on August 7, a bright, warm
day, the tvo specimens again agreed in moisture content at 11 a,m., containing
6.3 percent.  This is a trifle below the moisture content of 6,56 »sercent at
which tiey agreed the first time, TFor the rest of August, overcast days
brought the moisture content of the finished specimen below that of the un—-
finished snecimen, whereas sunny days ceused the finished specimen to retain
more moisture than di¢ the unfinished speciuen,

During August the unfinished specimen fluctuated between 7,6 anc 5.4
percent moisture content, a variation of 2,2 percent, whereas the finished
specimen fluctuated between 6.8 and 5.7 percent, a variation of 1.1 percent.
In both cases, the fluctuations for the period centered close to an over-all
average of approximately 6.5 percent moisture content, that is, the finish
failed to alter significantly the average moisture content of the wood but it
cut the extent of fluctuation above and below the average abgut in half and
greatly slowed the rate of change from ene level to another.* The ocbserva-
tions in the dummy wing were continued through the fall and early winter, As
the intensity of sunlight znd the length o f day decreased, the specimens
steadily gained in moisture content until by the middle of Decewber they
reached moisture contents of appreximately 15 percent,

SThe 6.5 percent average moisture content about which the specimens fluctu-
ated is much below the moisture contents reported for airplane woodwork in
table 2-4 on page 22 of the "Wood Aircraft Fabrication Manual," The data
in the lanual, however, are for woodwork in equilibrium with outdoor condi-
tions uacomplicated by eaclosure in spaces raised to the high teuperatures
that prevailed within the dumuy wing during the miiday hours of clear days.
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It is further true that the drying of the specimens.at 105° C, bvefore
inserting them in the dummy wing reduced somewhat the moisture content at
which they would subsequently come to equilibrium in an atmosphere of given
relative humidity and temperature., 'hen equilibrated at 65 percent huuidity
and 80° F, at the ead of December, they attained only 9.8 percent moisture
content, whereas the equilibrium moisture conteat for normal wood under tiis
condition is considered to bte approximately 1l1.5 percent, Jther studies have
been started in which the specimens were not reduced to the oven-dry coandition
before being inserted in a dumuy wing.

= | ' s
Effect of Reflective Power of the Finish
on Temperatures Attained in the Dumuay Wing

Another objective of this study invelves a determination of the rele~
tion between the temperatures attaiised within the duwmay wing acd the color and
infrared reflective power of the exterior finish, A second cummny wing was
designed for use as a test frame in which the center panels could be replaced
at'will, This arrangement was designed to permit the testing of several fin-
ishing systems simultaneously.

The construction is very similar to that of the first dummy wing; they
differ only in length, Its over-all size is 4 by 28 by 108 inches. 'Details
of the framework sre shown in figure 7, The ribs and spars were again made of
3/4~ by 4-inch solid soruce, The "skin” (except on the center panels) is
3/32—inch mahogany plywood of aircraft grade, made with hot-pressed ohenclic~
resia glve, lahogany plywood was used to cover the entire frame except the
center panels, which are replaceable and are made of 3/32—inch birch wlywood
bonded with Tego glue., The leading edges were made by scaking the mahegany
plywood in hot water for one hour and permitting it to cool .in the water over-
night; the sieces were nail-glued in place next morning,

Thermoccuples were nlaced in the center cf the inside surface of each
birch test janel, under a spruce rib-cap 1/2 by 3/8 by 15 inches in dimension,
which was glued perpendicular to the face grain of the test panel, In ad-
dition, thermocouples were suspended en string in the ceanter of each space
between the tep and bettom test panels, Twa thermocouples were also placed
between the upper and lower glue lines of the top panel in test section 1.

The locations of the thermocouples, and their post numbers, are givea in
table 3, The relative position of each thermocouple:is illustrated in
figure 7, ;

The interiors of the test sections and the imside surfaces of the test
panels were given 2 brush eoats of Tuf-Un Jo, 74 clear sealer. Heavy card-
board separators, which also received 2 ccats of the clear sealey, were
stapled to both sides of the ribs,

The 12 test panels (B top and 6 bottow) were then finished before deing
attached to the test frawe, Thus 6 &ifferent finishing systeas were used,
since the top and bottom paaels of each section received the same finish. The
finishing systems for the respective test sections are as follows:
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Sectien 1, 1 coat Tuf-On No, 74 clear sealer and 2 coats ryroxcote
#14-109 camouflage olive drab (10 percent infrared reflectance).

section 2, 1 coat Tuf-On do. 74 clear sealer and 2 coats ryroxcote
#14-109 camouflage olive drab (50 percent infrared reflectance).

Section 3, 1 coat aluminized Tuf-On Yo, 74 sealer and 2 coats
ryroxeote #14~109 camouflage olive drab (50 percent infrared reflectaace).

Section 4, 1 coat aluminized Tuf-On No, 74 sealer and 2 coats Fvroxcote
#14~109 camouflage olive drab (10 percent infrared reflectance).

Section 5, 1 coat Tuf-On o, 74 clear sealer asand 2 coats Fyroxcote
=485 blue-gra; laccuer (5 percent infrared reflectance).

Section 6, 1 coat Tuf-On No, 74 clear sealer and 2 coats Tuf-On
orange-yellow enamel Mo, 173 (said to have about 80 percent infrared re-
flectance).,

Mith the exception of the finish coats, which were sprayed, the finishes were
apowlied by brush,

Sopper wire (24 gage) and constantan wire (30 gage) extensions were
soldered to the therwocouple wires and strung from test section 6 through
small holes in the cardboard separators to an ocutlet in the opposite end of
the test structure. The edges of the ribs and spars were then coated with a
comgercial latex manufactured by the General Latex and Chemical Corporation
for the »ur.ose of making water-tight joints without using glua. The test
panels were laid in their respective positions and cailed in place with 1/2-

ineh, cemeat-coated nails,

This second dummy wing was set up August 24 on the south promenade of
the Laboratory on a hinged supporting rack in such a manner that the spars
were in an east-west line and the surface sloped to the south at aan augle
of about 15%, (Fig. 8). “rom August 25 until September 5, temperature read-
ings were taken at approximately 1 hour intervals (on some days readings were
taken every half-hour). The temperature readings are not so consistent as
wight be desired; they were found to be very seasitive to changes iun the
weather, It took some time to determine and record all of the teuperatures,
and the mere passage of & cloud before the sun had a pnronounced effect on the
teuperature in the test vanel;

Typical temperatures for two different days are recorded in table 3,
The thermocouyle numbers 1 ta 6 wive the teuwperatures at the center of the
interior surface of each top panel; numbers 7 to 12 give tae air space ten-
peratures, and.rzumbers 13 to 18 represent the temperatures at the interior
surface nf eaoch bottom panel, HNumbers 19 and 20 represent the teaperatures
in the glue lines of the top panel en section 1; through an error, however,
it is not known which glue line is represented by 19 and which by . 20 - < LHAS
can be determined whea the panels are removed from the test frauwe, but it is
of no consequence because the saine temperztures, within the limit of error of
the aeasurements, were observed in both glue lines, Moreover the close

)
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agreement of thermocouples 1, 19, and 20 indicates that essentially the same
temperature was attained in the secondary glue line between plywood and ribd
cap and in the primary glue lines of the plywoed covering,

Several interesting observations can be made from table 3! Coasidering
first tne readings for August 26, it is apnarent that at 8 a.m, and 5 v, ,
times at which the angle of the sun was so low that it was not an important
factor, the temperatures throughout the dummy wing structure were verr nearly
the same, This was especially true when the outside temperature was low
(about 70° 7.),

3y comparing the temperature readings of thermogounles 1y 7;:and 12&; of
2, 8, and 14, or of any similar series, the relation between the temperatures
at the top, in the air space, and at the bottom, respectively, (all interior
surfaces) of a panel is obtained. Comparison of the temperature readings of
thermocouples 1, 7, and 13 at 1 p.m. on August 26 shows that the temperature
at the bottom panel was 12° F, lower than that at the top panel, and the tem-
perature in the air space was 5° lower than that at the top panel. Readings
of the same thermocouples at 1 pe.ity on August 28 show a difference of 35° T,
between the top and bottom panels. As the dummy wing cooled off, this dif-
ference gradually decreased until the teuperatures were practically the same
throughout the structure.

A comparison of the values in table 3 for August 26 and 28 shows defi-
nitely that the olive drab finish having 50 percent infrared reflectancs pro-
duced lower temperatures than the finish having oaly 1C percent infrared
reflectance, Again, this difference was wost warked when the sun was at its
highest elevation.

Yo great difference in temperature resulted from the use of the
aluminized sealer under the conditions encouatered in this study. Olosely
agreeing temperatures were recorded by thermocouples 1 and 4 for the 1O-
percent reflective paint over clear sealer and aluminized sealer respectively,
Similarly, closely agreeing temperatures were recorded by thermecouples 2 and
3 for the B0-vercent reflective naint over clear sealer and aluminiged sealer
respectively.

Thermocouple 5 recorded the temperature at the inside surface cf, the
top panel finished with the 5-percent reflective blue-gray lacquer.  Wnen
these temperatures were compared with the readings of thermocouple 1, it was
found that the blue-gray lacover nroduced slightly higher temperatures than
were obtained with the 10 percent infrared reflectant olive drab pakaty’ The
same ‘'relation existed betwesn the air space temperatures (compare thermo-
couples 11 and 7) and between the temperatures at the surface of the bottom
panel (con@are thermocousles 17 and 13).

4s would be expected, the orange-yellow enamel produced the lewest

temperatures at the top and bottom panels, as well as in the air svace, This
can be attributed to its high (80 percent) infrared reflectance value,

Mimeo, WMo, 1343B T B




Table 1l,-~-Details

plywood gluing, forming, attachment, and interior

Cfinish for various wing sections
Section: Flywood $ Glue ¢ lMethod of :Method of: Interior
numder i construction and : gluing and;attaching: finish
: species : ¢ foruing ! :
14 ) =3~Uly vellowpoplar :Tego tPress, beat:Nail :  Hone
) t1/40-inch face and : tdry (20 tglued :
) iback y ipercent ! :
) :1/20-inch core : swoisture i :
. : z :content) : :
1B ) :(Forest Froducts :Tego tFre tNail s None
) t Laboratory manu- 1 tglued :
1C ) : facture) :Tego ‘tPress, hot :¥ail ; None
¥t : _swater bent :glued !
2A ) : :Tego tFress, cold:Nailstript None
33 $ twater bent !glued i1
28] . tButacite:Iress tdaikstrip Alumi nun
J 3 s 4544 ! s glued :
a0} ; tButacite!Bag molded Mail-strip: None
VN 1 4644 s glued :
3A ) :3-ply mahogany :Tego tPress, cold:Nail : Lone
) :1/&0—1nc face and twater bent }glued ]
33 ) :back :Tego tPress tNail ¢ Alumni nun
) 11/20-inch poplar : : glued :
3C ) icore : Tego tFress, hot :Wail : . None
4 : twater bent :glued ;
4A ) :(Commerciel manu- :Tego tPress, cold:Nail t None
) : facture) : twater bent :glued :
4B )1 1 Tego tEFress iMaikstript  Clear
31 H : tglued 3
40 ) tTego t¥ress, bentilail : Yone
31 : sdry (20 tglued :
Tt ; ipercent ; :
) : tmoisture : s
555 ! icontent) 3 :
54 ) :3-ply birch tTego 1Press, bentiNail : Hoae
) :1/50-inch fece and : séry (20 tglued :
) tback $ :percelt 3 :
) :1/20-inch core : tmoisture & i
¥4 : tcontent) : :
6B ) :(Torest rroducts tTego tFress tNail } Clear
) ¢ Laboratory wanu- @ s tglued :
5C ) ; facture) :Tego tPress; hoet :dail : Noue
33 : twater bent iglued :
6A ) :Tego $Press, coldiNail ; Hone
i } swater bent :glued $
88 ) 1 :Butacite:Fress tNailkstrip  Hone
b4 ¢ 464« 3 tglued 3
8c ) 1 tButacite:Bay molded :Wail ¢  Heae
L 1 4644 3 ielued
Mimeo, No, 1343B




Table 2.

Temperature readings in dummy

wing on days selected

to represent different

typical weather condition.

5B bottom; 5Bz air

4B, alr

2By top.; Alr temp.

§ : : [ : B T T ¥
Hour 5 Weather 3551 top & : : 3B air : 233 air : 2B, bottom : : Palnt : Relative
A :glue linof glue line f space : space : sDace : space glae line :glue line: shade : surface : humidity
8 - v 4 - : : : : : “: temp. H
2 H ¢ : : : : - ¥ H & 3
& : Temperature(Fahrenhedtt) i Percent
July 10, 1942
8:00:Cloudy $o08 3 72 3 Ly TN G 71 i 16 : 67 : ™ i
10:00:Clear-no wind : 141 : 112 2 1iBe H 131 . 129 s 229 103 1 J44 : 73 : 141 H
o & 8 Koo g 049 : 113 30t R i A 138 106 1 155 8 T4 3o B
11:00: * N e S [ : 121 & F1A8 - 3 146 t 145 s 148 115 e 107 ] 80 3 161 .
REi0. -t X AR : 125 : 160 H 155 ol e 35 45T i L ;182 : 85 : 170 :
T %1 165 H 124 T Ly e R & -158 s 118 $ 177 K 85 §Fa 188 "3
12:30: 4 L oy 2 150 17 165 iyt 7160 7 160 T 169 o Lk 3 180 H 86 Lelekp [ L e tRa v
1:00: * s Nosi 168 : 131 SR 16T e 1R i 162 $ 166 4 l2i i 180 H 89 : 182 ¢
o S s 170 : 127 o TSR R e ) $: 16T o122 : 179 H 87 - Haglt | 10
23004 " ¥ s 17 184 H 135 s 1705 2 0 260, 8. 2160 : 164 %125 i 181 : 91 g s T
a3gs v LTS : 136 53162 L4 416)Y 28 360 i 165 &% 128 : 180 H 96 Y
3:00:Partly ocloudy : 158 s 123 Y e T s i 145 £:7120 35170 : 92 5.5 166 s
3:30: " e 1 156 : 123 : 143 i 142 i 142 s 143 & a2l : 166 H 94 H 164
4:00:Clear 4. 150 : 120 : 142 : 142 i 142 i 144 s 3le 17158 : 92 i 154 $
July 11, 1942
8:30:Clear & still : 108 : 79 1303 1 TR08 : 100 92 1 72 v 08 4
9:30: " L v ket H 107 : 122 i 120 i 122 105 i 19 : 129 :
10:00% " 142 H 120 H 136 H 139 : 134 115 H 84 : 144
10:30: * [ (T : 121 3 1140 - 1 :138 4 138 + 140 117 : 88 t v 158
31100%.. b (i : 126 T NARE 0 - Qas Ty 145 t 145 119 3 84 -]
132304 ¥ b $ 160 : 127 $ 152 ¢ - 148 . : 148 : 150 121 ' 85 $ + 168 |
12:00:81ight haze : 158 : 123 ST 1A9 LY g AT s 148 118 : 86 T T He
12:45: X L : 133 § a186 0 A58, £ 185 5. 158 120 H 86 fg 1T 06
2300: " i 1% 165 H 128 : 156 : 155 156 3258 122 H 87 H 165 H
e L u 1 162 : 131 s L1656 c oo 2B@d v 152 i 153 125 : 89 3 il
3300 ¥ L + 160 H 131 H 152 H 151 L Y 17158 126 $ 165 H 90 H 161
4:00: " b i 149 : 129 Voo Y4610 4 346 4 L3286 1 146 124 {458 : 92 i, 150 4
5100: " x 3 129 : 115 00129y s ka9 L AN 130 115 3135 3 94 1 ¢ 130
Tilst " 5 99 : 95 : 95 ¢ 951 95 1,399 93 i 90 s 88 : 90
July 17, 1942
8:00:Clear - wind : 102 H 94 : 98 96 i 98 98 - 90 H 82 : T s B
gy L ¢ 109 : 99 H 107 105 i 105 i 104 B 93 H 82 : 101 :
9:05: " s e H 104 : 116 112 : 118 (R H 98 H 86 : 107
93135 ! " $:-132 i 112 H 124 121 3, 12D 5 s 101 H 90 : 123
10:00: " ) g H 112 : 127 125 3125 3 - 1Y i 104 H 88 : 118
104308 N e i lab : 116 : 137 133 R L W 2ld H 96 : 122 H
25003 Y 0 t 147 : 118 138§ 138 AN 134 $* 7110 : 88 o %138 1l 4g
229908 ¢ Boa' i WY 3 109 §- o108y A .4 339 i 140 &% 438 : 93 Sopdd
18v00% Y i e 1 B 118 Re¥1e5 o RAD. ot 1438 1 138 118 3 94 w150 4
12:40: * e ¢ 195 s 118 143 3.~ 140 i 136 ¥ 450 : 109 gl 3 148
a0y Y et : 114 R ERR s e B b ) : 134 & 105 : 91 i #1359
23501 " - 1 %50 : 119 H 142 H 142 T A3l A $. 1k H 92 H 142 :
2:00: " N t 149 H 116 i SIAY T 80 ke A58 2. 188 & 118 : 92 30139 AThe
23304 +" N 1155 ¥ 124 t- 148 8 145 ot 1M 3 139 gt : 98 1 e
FQ01 ¥ 3 AL : 123 S5 148 TR IR s & ) i 139 & 114 H 99 e
3508 " X : 143 H 121 R L T e Sl 3236 L ¢ - 100 3R s
4:00: * ki3 185 3 125 3140 bk s 135 1 135 4 117 : 99 b
4:30: " . 1 14 H 121 TR G b (! 134 s By ] & 1A {an T 1 : 96 : 135 i 49
August 11, 1942
8:00:Clear-no wind : 87 H 81 : 4 Lol (- T e e L 3o P8 H 66 : o R L i !
LT P e, " 3 106 H 90 S w02 s reian) i 99 399 : 85 s H 64 H 89" -3
10:00: * LS e H 97 4116 Als TRl : 114 209N 3 127 : 66 : 9% -1
. T 5 110 T L T SRR N i 3y 203 t 148 § 71 s leg Th aag
L] 0L B LN H 114 A8 et (3N A AR 1158 = 301 i 15% H 68 (g 20T s
" L] L e L - 114 x 143 2 1 SR 141 o o)~ 3. X6k . T7 ’: 112 1
. L L e B 118 3 1hY W A0 i N i 140 w113 i 156 H 78 s L2
. Wy 125 : 113 o o180 e igen e 1l ;108 3 103 17 : 81 & 200
L] B8 102 : 88 H 96 % 96 i 96 i 96 i 91 1. 104 : T4 : 87 T
August 13, 1942
:Clear & windy : 86 : 17 : fR o 823 83 (e HiEe SR : 67 H 67
. . .dy &118 e o o] s 108 g 110 : 110 :+ 110 : 93 i 18D : T4 : T2 3
. L] 1:.185 : 102 t %116 .3 113 s 1) t- XA i 88 % H 71 : T8 %58
N S g de9 : 103 e Ti e E akan $ 19 2 ¢ 130 2. ¢ 78 i
. " ¥ 185 H 104 : 125 H 124 & 12 e H 94 3 14l : 76 H 76 I
] wo e 130 § 109 { - R100. - TR R Lo - L8 125 9% i 130 : T4 : 8L
" . e H 95 : 97 ¢ 100 : 102 4099 %90 i 9 H 8y H i 46
August 17, 1942
8:00 :Cloudy,slight : : 67 s 5% 6t o § 68 e 1 -8 H 64 : ;67
9:30 : wind H : 82 H 95 3 95 H 95 ¢ 94 . 83 3 97 f T2 : :
1ONG L N X H 90 02308 3 1% 1 38 : 106 £.087 i 115 H 7 : i 59
11:45 3 * " ] : 98 3= w128 L 2284 AT 138 : 118 %97 3129 H 79 : :
12:50 : % * ® o e bl o e TUR TRy G el e S 3ok
e e ) " ' 108 s E108 o 10kE Tg A 1Y, 3 9N i 128 : 19 : :
4:50 ¢ " s : : 25 H (Y AR - ARG TR o 3100 H 91 i 102 H 80, : HI- )}
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Figure 1.--The dummy wing partly assembled, showing some of the wiring
for the thermocouples.
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THE THERMOCOUPLES AND SYSTEM OF IDENTIFICATION NUMBERS
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