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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDENTIAL REPORT

PESTS OF A HEATED LOW-DRAG AIRFOIL

By Charles W. .Frick, Jr., and George B. McCullough
SUMMARY

The results of an experimental investigation of an
NACA 65,2-016 heated wing are presented. The test data
show the following: :

1, The chordwise distribution of high skin temper-
atures normal for heat de~icing can be obtained with
negligible effect either on the drag coefficients in the
low—-drag Reynolds-number range or on the maximum Reynolds
number at which low drag is obtained.

2. Distribution of heat along the chord resulting
in high temperatures near the minimum pressure position
will result in both an increase in the minimum drag co-
efficients and a marked reduction in the Reynolds-number
range over which low drag occurs. This marked reduction
of the critical Reynolds number occurs because the de-
crease in the stability of the laminar boundary layer
promotes earlier transition to turbulent flow,

INTRODUCTION

At the request of the Materiel Command, U, S. Army
Air Forces, thc effect of heat on the drag of a low-drag
airfoil was investigated in the 7- by 10-~foot wind tunncl
of the Ames Aeronautical Laboratory. The tests were made
primarily to find what changes would be cxperienced in the
minimum drag characteristics of the wing with heat de-icing,
and to compare thosc cffects with the results of tosts of
a 10w—§rag wing equippecd with rubber de-icing boots (refer-
ence 1),

The effects of the addition of heat to the laminar
boundary laycr that occur when the skin temperature is in-
crcased may be studied under the following four headings:



(a) skin. friction =~

(v) boundary—layer stablllty

“(e) Meredlth effect

A(d) crltlcal speed

The latter two are eliminated for the purposes of the
present tests because the maximum Mach number attainable
in this tunnel, 0,4, is considerably below the critical
value for this airfoll, and moreover is not- sufficiently
large to find any apprec1able change in drag from Meredith

effect.

The results of the tests, therefore, are discussed

under the first two headings only.

Nomenclature

The symbols ﬁsed throughout this repoit are defined
as follows:

v
U

free~stream velocity

local velocity just outside the boundary layer

local velocify in the boundary 1dyer

wing chord

distance from the leading edge along the chord

distance normal tovthe‘surface

boundary—layer thickness defined as the distance
normal to the surface to the point in the bound-

ary layer where wu 1is equal te 0,707U

the momentum thickness of the boundary layer

= a
8 pLU( >y

where h 1s large enough to enclose the entire
friction layer



free-stream-air temperature,

thémkin?ﬁatic viscosity

the absolute viscosity

free~streanm density

local density outside boundary layer

local density inside boundary layer . |
Reynolds number based on the chorad (Vc/U)‘

boundary-layer Reynolds number based on -
thickness, 8, (Us/v)

boundary~layer Reynolds number based on momentum
thickness, 8, (Us/v) -

_and Rp [, are values of these parameters at
cri

which the laminar boundary layer becomes tur-
bulent

is defined as the maximum Reynolds ﬁumber at
which low drag occurs
Op -

: Ll . o A
free-strecam air temperature, F absolute

“local tempcrature eutside the boundary laver; °F

loéal‘temperature’éutside the boundary layer, °F.
absolute

local temperature inside the boundary layer, Op

local tcmperatﬁré insidc the boundary layer,. °F
absolute .- '

X . )
surface tempcrature at any chordwise point, F

temperature difference across the boundary
layer = (te-ty)

tempeorature difference between any point in the
boundary layer and the surface temperature,
(te=t)



Description of Apparatus

Tests of a heated wing were made in the 7~ by 1l0-foot
tunnel at AAL. This tunnel is of the closed=throat,
rectangular-section, single-return type, capable of air
speeds of 300 miles per hour, "~ The turbulence level of
the air stream is such that a wing chord of 7 feet for
the 65,2-016 scction was neccessary in order that the
ecritical Reynolds number, the uppoer limit of the low~drag
range, could be ecxceeded.

Description of Model

The model was a 7-foot-chord by 7-foot-span NACA
65,2~016 airfoil mounted as a vertical "through model."
Ordinates are given in tadble I. '

The model is shown mounted in the tunnel in figure
1(a). The forward portion containing heating lamps was
of sheet-aluminum construction, and the trailing section
of laminated wood., Construction details are shown in
figure 1(b)., Built into the model were 26 pressure Orim
fices and 41 iron-constantan thermocouples. The thermo-
couples were in three chordwise bands on the span center
line and 4 inches each side extending to 41l-percent chord,
The pressure orifices were connected to a multiple-tube
manometer, and the leads from each thermocouple were brought
out to s multi-contact selector switch which.was connected
to a Lewis pyrometer~potentiometer. The external surface
of the heated portion was bare metal and that of the un~
heated wood part was painted, The entire model was made
aerodynamically smooth by chordwise rubbings with sucecesw
sively finer grit sandpaper. All power, temperature, and
pressure leads were brought out through the top of the model
which was sealed closed to prevent the escape of convected
heat, :

Local unfairnesses of the model resulted in some minor
variations in thoe pressure distribution, as shown in figure
2, but these were not of sufficient magnitude to induce
transition to turbulence.



- Method of heating

The heated’ portlon of the wing was divided into
four compartments by spanwise bulkheads on which the
heating elements, nine rows of ordinary 120-volt incan~
descent lamp bulbs, were mounted (fig, 1(b)). The inside
surface of the aluminum skin was painted a dull black to
increase the absorption of radiant heat, but all other
metal surfaces were bright.

The heat input appropriate to each compartment to
give a temperature difforence across the- -boundary layer
of 100° P at a Reynolds number of 13,000,000 was calculated
by the method of reference 2. The size, number, and loca~
tion of the bulbs within each comparitment were such as
to. give the most nearly uniform skin temperature possible
“within the practical limitations of the design.

Power was supplied by a direct~current generator
eguipped with a remote voltage control which permitted a
convenient means of adjusting the over-all applied voltage.

Other Apparatus

For measurement of the temperature distribution through
the boundary layer, a temperature "mouse" consisting of six
thermocouples was used. 'Each thermocouple was made of small-
diameter copper tubing through which was led a small insu-
lated constantan wire, as shown by the sketch of figure 3(a).
Heights of the thoermocouples above the wing surface were
adjusted by bending the copper tubing, and were measured by
means of a microscope with a2 scale rcading in thousandths
of an inch., The six individual copper leads and onc common
constantan lcad wore brought out through the wing to a
selector switch, Electromotive forces were read with a
Leeds and Northrup potentiometer, A cold Junction immersed
in a vacuum bottle of ice water was used for reference.

A velocity mouse consisting of six total-head tubes and
one static tube was used for measuring the velocity boundary
layer, Tube heights were adjusted and read by the. same
method as for the temperature mouse. Figure 3(b) is a detall
view showing both mice mounted on the wing,

All drag measurements were made with a momentum rake
of 48 total-head tubes spaced 1/4 inch apart connected to



an integrating manometer. Lift was determined from pres=—
sure distribution, No force-~test measurements on the
wind~tunnel scale were made,

Free-stream air temperatures were calculated from
average readings of. three resistance~type thermometers
located in the return passage a short distance ahead of
the entrance cone. Adiabatic expanslon through the en-
trance cone was assumed, ‘

Test Methods and Correctlons

Drag measurements.n Simultaneous pressure distribution
and momentum drag data were obtained through a range of
angles of attack with the model unheated and heated:: Sec-
tion lift coefficients were calculated by integration of
the pressure digtribution. Momentum drag data were com~-
puted by an adaptation of the Jones method, including
correction for compressibility. ©No correction was made
for heating of the-wake because this was found to be in-
appreciable for the amount of heat transfer from the model,
Tunnel-wall effect was corrected by the following factors
based on an unpublished theory of two-dimensional tunncl-
wall corrections.

ey = 0,930 ot
d, e d,
F=1 ) |
CI 0.838 ¢ 1
T o

Slnce the main interest was “in the effect of heat on
mlnimum drag, most -of the runs weére made at the ideal angle
(0°) for the full range ‘of Reynolds numbers with the model
unheated and heated. Simultaneous momentum drag and temperw

ature-distribution data were taken for these runs.

Temperature-distribution data were computed and plotted
in terms of the parameter, Be/To

where

(tE”tL)




te skin temperature, OF
132 local free-stream temperature outside the boundary
) . -
layer, "F .. '
M free-stream temperature, °F absolute

1»i  36ﬁndary~layer‘measurements,—fSimultaneous“velocity
" and temperature boundary-layer profile data and chordwise
temperature data were obtained with the two mice mounted
_on the wing 6 inches either side of midspan at the same
percent chord, To. offset the greater heat transfer from
the surface aft of the mice with consequent reduction of
skin temperature resulting from turbulence in the wake of
the mice, triangular-shaped areas were covered with scotch
tape. These may be seen in figure 3(b).

In order to obtain true air temperatures from indica-
"tions of the temperature mouse, corrections for aerodynamic
heating were applied. Eckert (reference 3) has shown that
the aerodynamic hegting experienced by a similar type of
thermocouple in laminar flow is about 0,845,/ 0, times the
temperature rise which would result if the air were brought
to regst adiabatically. An experimental check was obtained
on this ‘constant by exposing the thermocouple mouse to an
air stream of known velocity and temperature and comparing
the excess temperature of the stream with the adiabatic
‘temperature rise. The indicated temperatures measured in
the boundary layer, therefore, were corrected by obtaining
the velocity in the boundary layer corresponding to the
position of the thermocouple and applying the above cor-
rection.

Velocity bbundarj»layer data were corrected for temper~
ature on the following basis:

u = uty, T/Ty

The magnitude of this correction was small, and it was not
considered necessary to recorrect the temperature boundary
layer using the corrected values of wu.

Temperature beundary layers are plotted in the form
/6, where 8 = te~t, t Ybeing the local temperature

inside the boundary layer. This allowed direct comparison
of the temperature and velocity boundary-layer profiles.



RESULTS AND DISCUSSION

Drag effects at the ideal angle.— The major purpnse
of the tests discussed herein was to determine the e ffect
of heat on the minimum drag of the airfoil section; hence
most of the results obtained are concerned.with the variation
of minimum drag with Reynolds number at the ideal angle of
attacka : : ;m.;~ " x'A~ -

Identlcal tests were made w1th three dlfferent sections
of the "1aminar run" heated as.. follows.(__ :
Entlre lamlnar Tun (O~percent to 52 4—percent
chord) heated to Bg of 02, 50°, 75° and :100° F,
2, .S8ection- ahead of minimum pressure (26 F B percent to
52. 4~percent chord) heated to @5 of 0°, 50°,
. - 78° and. 100 Peo L R
3o Nose sectlon (O—percent to 14 6-percent chord)
heated to e€ of 00, 500 75% and 100° 7.

Results are presented in flgures 4 5, and 6, Figure
7 is a comparison of" ‘the -~ ef;ects ef the three types of
heating for the same value of - (75° F)

Examination” of the’ data shows that the drag coefficients
for all conditlons femain” fearly constant at a minimum value
for a certain range of" Reynolds numbers and then increase
more or less abruptly at” some - eritical value of the Reynolds
number, This critical value has been found to occur when
transition from laminar to turbulent flow in the boundary
layer moves forward through the minimum pressure position.
Thus, for the low-drag range of Reynolds numbers transition
is behind minimum pressure ahd for the high-drag range
following the critical Reynolds number transition is ahead
of minimum pressure. .

Figures 8, 9, and 10 are typical of the chordwise
temperature distributions which were obtained for the vari-.
ous heating ‘conditions., ' It will be noted from figure 8
(laminar run heated) that when the critical Reynolds number
of 8,000,000 was exceeded and transition moved forward of
minimum pressure on to the heated (aluminum) portion of the
wing, the high rate of heat transfer in the turbulent region
prevented the desired ¥ constant" temperatures from being



- maintaineds A similar effect occurred for the "region
ahead of minimum pressure! heated (fig. 9). However,
since this deviation by its very nature occurs only after
the critical Reynolds number has been attained for any
given B¢, the drag results, insofar as the effects on
the value of the critical Reynolds number are concerned, were
all obtained with proper heat distributions. Beyond the
critical Reynolds number it may be anticipated that some-
what grcater increases in drag would have been measured,
had it becn possidble to malntaln the nomlnal temperature
dlstrlbutlons. ;

It is 1mportant to note that the "nose-heatedm con-
dition (fig. 10) gave a temperature distridbution which
was very close to that which is normal for heat de=- 1c1ng

installations, ©For the purpose of comparlson, a typlcal
heat de-icing distribution (taken from reference 4) is
plotted on flgure 10.

A study of the drag results reveals that the maJor'
effect of heat for condltlons 1 and 2 was a marked re-
duction in the critical Rejnolds number." Figure 11 pre—
sents the variation o0f <¢ritical Rsynolds numbeér with
increasing '8¢ for the three heat conditions. .The crit-
ical Reynolds number 1s shown to be negllglbly affected
by-heating the nose. But for the laminar run heated %o
a B¢ of 75° F, there résulted a decreasc in the critical
Reynolds number to about 8,000,000 and for the recgion ahcad
of minimum pressure. ‘heated & correspondlng decrease .to .about
4,000,000, This: compares to a critical Reynolds numbbr of
about 11,000,000 for no heat. (It may be noted that there
is a deflnlte tendenCJ for the reductlon in critical Reynolds
number. to approach a llmltlng value with increasing tempera-
ture.) Such reductions in critical Reynolds numbers would
mean a serious increase in drag for an airplane equipped
with a low-drag airfoil designed to operate slightly below
thé critical Reynolds number with no heat. However, for-the
nose~heated condition which simulated normal heat de~icing
temperature distributions, only minor changes in R :

‘ Cerit
were measurecd.

The minimum drag coefficients in the. range of Reynolds
nunbers below the critical experience negligible increases
for the nose-hcated condition as secn from figure 6. These
increments were so small that they were within the accuracy
of the experimental results. For the other heat conditions,
the minimum drag increases of 0,0002 to 0.0005 cannot be
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aceounted for by the. inecreased shear of the laminar-region
as i¢ shown by the measured momentum thicknesses of’ the

" laminar layer which indicate an actual decrease in the. .

surface shear up to 29-percent chord.. They are most prob-
ably due - to the increased shear of the turbulent boundary

'layer jast aft of transition caused by hcating near the”

-minimum pressure position, since it is unlikely that they

'

~result from 1ncreased pressure drag.

In. the h1gh~drag range of Reynolds numbers greater
than the critical, approximately one-third.of the drag
inerease can be accounted for by the increased area sub-
jected to turbulent flow because of the forward movement
of transition., The remaining two-thirds may.be attridbuted
to the. pressure drag resulting from the inability of the
thickencd boundary layer to develop tho steep pressure
recovery behind minimum pressure.

Drag effects at angles other than the ideal.= mThe
effects of heat at arngles other than the ideal are in the
direction which would be anticipated by the ideal angle
results.: Filgure-.12 shows that the effects of nose heat
are slight, whereas with the laminar run heated the low~-
drag angle~of-attack rangc has disappcared at a Reynolds
number . of 11,000,000, Figure 13 extends the comparison:-
for nose -heat.and fuao. heat" to higher 1lift c0eff1c1ents,
at a. Reynolds number of "6,600,000. .

Comparlson w1th rubber de-icer effects.- Figure 14~

‘has been prepared from the results of tests-of-d-rubder
~de-icer on a low~drag wing {reference l).. . A comparison

is afforded of the nose-heat results with-thoSe'of the -

rubber de~icer, (The “compression” of :the Cd . Rc'
'Characterlstlcs measured in the 7- by 10- foot tunnel -re—
sultlng in lower Re Corit compared . with the tyo—dlmensional

tunnel, ‘is due .to the difference in turbulence ‘levels of
the two tunnels. .The slight unfairness.of the test-wing
causing the:-pressure waves shown on fig, 2 prodbabtly con-
tributed %to this compression,) The figure emphasizes.the
fact that with rubber de-—icers the low~drag advantage of
the laminar-~flow wing is lost, while with heat de-icing
it is essentially unehanged.

BoundarV~1ayer effects.~ As steted prev10ule, the

“critical Reynolds number for any low-drag airfoil ocecurs
" when the transition from laminar to turbulent flow in the

boundary layer moves forward along the chord through the
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chordwise position of minimum pressure, This movemcnt of
transition into the pressure region whose gradient is favor-
able to the preservation of laminar flow has been found to
be associated with the attainment of a critical value of -
Ry (reference 5), It is known that this value of Rg is
-affected by air stream turbulence, surface condition, and
‘vibration., In an effort to gain some knowledge of why-

this stability limit was adversely affected by heating the
‘surface, an experimental investigation of the laminar bound-
ary. layer was made for the same heat condltlons as for the
drag tests.,

Boundary-layer surveys were made at 40rpercent chord
and are presented in figures 15 through 18 for the various
heat conditions at 8¢ of 75° ¥, ©PFigure 19 showing the
variation of u/U, as measured with a mouse surface tube,
-with Reynolds number allows the chordwise position of
transition to be determined at any Reynolds number. Other
surveys were made at 29-percent chord, a position well
removed. from ‘the influence of -transition at the lower
Reynolds numbers, for the purpose of obtaining experimental
data on the relationship between the temperature and veloc—-
ity boundary-layer profiles., Typical results in the form
of u/U and 8/0¢ are given-in figures 20 to 23, inclusive.

Figure 24 presents a comparison between the calculated
variation of &, the boundary~layer thickness, with Reynolds
number and the values taken from experimentally-determined
profilcs at the 29-percent-chord location. ©From these re-
sults, it is evident that for thls test model the  boundary-
layer thickness is not inversely proportlonal to .the &quare
root of Reynolds number-as would be expected from theory,
This dlfference is ‘believed to come about bscause of" the
local reversals in the pressure. gradient ahead of the 29~
percent chord p051t10n ‘due to local unfairness of the sur-
:faces ﬁor the purposes.of these tests, this disagreement
dobs not prévent a comparison between the ‘no~heat boundary-—
layer. results and those obtalned with the various heat con-
ditions. : :

The results of figure 24 indicatec a rcduction of Rg
when heat is added to the entire laminar run, or just for-
ward of minimum pressure., An opposite effect would be
anticipated from an expected increased surface shear due
to higher viscosity of the heated boundary layer, This
apparently contradictory result is explained by an exami-
nation of the experimental boundary-layer profiles from
which the values of § were measured. There is a marked



‘-chanve in. proflle w1th heat conditions 1 and ‘2, which

~:appears near the surface of the airfoil as a decrease in

the :velocity -gzradient at the surface, as conmnpsa .red to the
no-hcat profile., ‘This decrease in (du/dy)y=0 is suffi-
~eient to cause the profile to develop an inflection point,
The consequent redistribution of momentum through the fric-
"tion layer coupled with the increased local velocity re-
“gulting from decreased density of the Heated boundary layer
-causés the upper half of the profile to "bulge" increasing
the coneavity. - e

The distortion of the laminar friction layer is associ-
ated with the type of temperature distribution through the
laminar layer. This is -demonstrated by the results of fig-
ure 25 which show the measured velocity boundary layers for
approximately equal values of B¢ but with different dise-
tribution of temperature through the boundary layer.. The
distribution associated with heating the nose has very
little effect in distorting the boundary layer while the
stecp temperature gradient from the surface resulting from
heating near minimum pressure had a marked effect. (It may
be noted that the temperature distribution associated with
heating the nodse is very similar %to that obtained by aero~-
dynamic heating where T ~ 1/uz2).

It 'is apparent from the above discussion that & ‘as

a measure of the boundary-layer momentum loss loses its
significance. -A more logical c¢riterion for ‘the casge of:
the artificially heated boundary layer which is distorted
+(or the Blasius profilc accompanicd by a temperaturc rise
-duc to friction) is the momentum thickness, &, ..since it
takes into account the variation o6f density. through the
layer and is not dependent on the profile shape. “Tho
"valucs of €, .corrcsponding to profilcs from which the
values of § 'plotted in figure 24 were taken, are givcn
‘as a function of thewing Reynolds number in filgure 26,
These data present a truer picture of the boundary layer,
The loss in momentum represented as € is seen to be
approximately the same with no heat, nose heat, and for
heat at minimum pressures The méasured values of € for
“‘the laminar run heated indicete that the shear was decreased
for this heat condition. This appears to be due to the -
fact that the decressed veloeity gradient (du/dy)y.g ex-
porluncad with this type of heating more than offset the

ffect of tho:'incrersed viscosity on the surface shéar. .
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It has been found that the afore~-mentioned limit of
the boundary-layer stadbility may be expressed as a critical
value of the boundary-layer Reynolds number, Ud/v, where
A4 ‘is .some characteristic length of the boundary layer.
This length has been taken in past research as 8§, the
point in the boundary layer where wu = 0.707U, but 5,
according to the above discussion, loses its significance
for these artificially heated boundary layers. (This is
true also for aerodynamically heated boundary layers.)
Consequently, it is logical to substitute B8 for § in
the boundary~layer Reynolds number so that it becomes
U8/v, which may be designated R@. The value of Rg vwhen
transition occurs may be noted as Recrit.

It then follows that the occurrence of Rgcrlt at

mlnlmum ‘pressure defines the critical body Reynolds number,

Assuming that a given value of Recrlt is associated with
the occurrence of transition anywhere in the favorable

pressure gradient, we may use the variation of 8 with
Reynolds number at 29~percent chord to calculate the varia~
tion of Rg with R, at this point and from these curves

determine the values of Recrit for the heat condition

which caused transition to occur this far forward. Figure
27 presents this variation of RE with Rg.

It is evident that the occurrence of transition will
cause the variation of Rg with R, to become discontin=-
uouse The value of Rf then is Re at.the point of

erit for the

laminar run- heated to B¢ = 756° P 4is 1070 and for heat
applied to minimum pressure about 1190, The Reynolds
numbers at which these values occur agree fairly well with
the Reynolds numbers for transition at 29-percent chord for
these heat conditions taken from figure 23.

. crit
discontinuity, Thus, it is seen that R@

For the nose~heated and no-heat boundary layers shown
on figures 18 and 15, it is found that the occurrence of
transition at 40-percent chord gives a value of RBori it
of about 1600, It is therefore apparent that the stablllty
of the distorted boundary-layer profiles for these heat
conditions is much less than for the convex profiles ob-
tained with no heat or with the nose heated.
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“This has becn verified theoretically by Tollmlen
(reforehce 6), who has shown that laminar proflles de-
veloping inflection roints are essentlally less stable
to small oscillations than convex proflles. This, then,..

ffords an acceptable explanation of the powerful effects
that heat conditions 1 and 2 have on the critical Reynolds
number and why heatlng the nose has little effect.’

CONCLUSIONS

The results of the drag tests of the heated NACA
85,2-016 airfoil show the following:

l. The chordwise distribution of high skin temper=-
atures in the nose region only (as used for heat de-icing)
may be obtained with negligible effect either on the drag
coefficients in the low-drag Reynolds-number range or on
the maximum Reynolds number at which low drag is obtained,

: 2. Distribution of heat-along the chord resulting

in high skin temperaturc¢s ncar the minimum pressure posi-
tion will rcsult in both an incrcase in the minimum drag
coefficients and a marked reduction in the Reynolds-= =number
range over which they occur.

3« The marked reduction in the critical Reynolds
‘number caused by heat near minimum pressure is due to the
fact that this type of heating gives a temperature distri-
bution in the boundary layer which promotes an inflection
point in the velocity profile, The resulting boundary
layer has less stability than one with a Blasius profile,

" Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif,.
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TABLE I.~ ORDINATES OF 7-FOOT-CHORD

NACA 65,2-016 AIRFOIL

p. 9 X N y
Percent chord (in.) Percent chord (in.)
0 0 0 0
.5 «420 1.202 1,010
«75 « 630 1.423 1.195
1.25 1.050 1.796 1.509
2.5 2.100 2.507 2,106
5.0 4,200 3.543 2.978
7.5 6.+ 300 4,316 3.625
10 8,400 4,954 4.161
15 12,600 5,958 ~+ | 5,008
20 16,800 6,701 % | 5.629
25 21,000 7.262 4 6.092
30 25,200 7.647 - 6.423
35 29.400 7.888 - 1 . 6,626
40 33,600 7.995 % = 6.716
45 37,800 7.938 . 6.668
50 42,000 7.672 - 6.444
55 46,200 7.180 . - 6.031
60 50,400 6.497 - ; 5.457
65 54,600 5.647 4,743
70 58.800 4,693 3.942
75 63%.000 , 3,742 ™ 3.143
80 67.200 2.763 7 2.321
85 71,400 1.797 - < 1.509
90 75.600 .982 .825
95 79,800 . 340 .286
100 84,000 0 0
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Figure la.- Three-quarters and front views of model mounted in tunnel.



BACA . ' Fig 1b
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gure 1lb.- Top view of model showing heating lamps.
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