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MFMORANDUM REPORT

for the

Department of Ccmmerce

TESTS OF A 1/1,0-SCALE WING-HULL MODEL AND A 1/10-SCalE

FLOAT-STRUT MODEL O¥ THE HUGHES-KAISER CARCO AIRPLANE

IN THE TWO-DIMENSIONAL LOW-TURBULENCE PRESSURE TUNNEL

By Melicien F. Mullmer, Jr,

INTRODUCT IOH

At the request of the Department of Commerce, aero-
dynamic and hydrodynamic tests have been made of a 1/40-
scale wing-hnll model and a 1/10-scale float-strut rodel

of the proposed arrangement of the Hughes-Kalser cargo
The aercdynanic tests were made in the HACA

alrplane.
two-dimensional low-turbulence pressure tunnel and the
The hydrodynemic

results are presented iIn this report.
tests were made in the MNACA tank and are being rcported

separately.
The aerodynamic tests were made primerily to study
the drag characteristics of these models &s originally

designed and to determine, if possible, how the proposed
The investlgation

designs could be improved.
accordingly included tcsts of these models as recclved
and after various modifications had been mude. Some of
these modifications wcre mude as the result of hydro-

dynamic tests at the NACA tan!:. tihenever nracticsable,

additional tests were made to estudy the 1lirt character-

Istics of these models. The tests of the wing-hull

model were made at a Reynolds number of apnroximately

22,5 million based on the model-hull length of 62.25

inches. The float-strut model was tested at &
Reynolds number of aporoximately 7 million bascéd on the

model-float length of 23.00 inches.

IODETLS

Wing-hull model.- The model arrsngement tested is
shown In figurc 1 in the original condition and in figure 2
with the added chine-flare strips as rccommended by the




NACA tenk. The span of the model was 36 inches (tunnel
test-section width); therefore, ounly the inboard portion
of the wing {approximately 37.5 percent of the fullrspan)
was modeled. The airpluane wing tapers from an NACA
63(1120)-321 root sectlon to an LKaCia 65,3-L18 scction ut
the tip. The airplene hull was developed from and 1is
simllar to the NACA model 84-# hull. The wing and hull
were constructed of mehogany and all surfaces were
painted and sunded untll aerodynumically smooth. for
some tests fillets made of modeling clay were added to
the model at the wing-huil junction. These filllets
were of the expanding-radius type und were very small
forwerd of the maximum ‘hickness of the wing. at the
wing tralling edge the fillet radii were 1 inch and
0.563 inch,. respectively, on the upper and lower wing
surfaces, The fillets extended along the hull aft of
the intersection for a distance of 2.25 inches. Tlhe
sten fairings used for some of the tests were made of
modeling clay and extended approximstely 8.5 inches aft
of the step. Roughness was applied to the hull by two
methods, first, by gluing number 50 thread around the
hull 3.1 inches aft of the bow and later by shecllacl:ing
0.012-inch carborundwm grains to the hull for a dilstance
of 3.1 inches aft of the bow.

Float-strut model.- The model arrangement tested
1s shown in flgure 3, The model was constructed of
mahogany: all the surfaccs were painted and sanded untll
aerodynamically smooth. for these tests the model was
attached to a 36-inch-chord airfoil in such a manner that
the strut leading edge, extended, intersccted the
quarter-chord noint ¢f the wing for all angles of inci-
dence of the float. The 36-inch chord of the model
approximates, to the same ccale, the chord of the air-
plane wing at the juncture of the wing and float strut.
The airfoill used was choscn only because of 1ts avall-
abllity and was an ILCA 66,2-216 section. Mgure li(a)
shows the flouat-strut model and the %6-inch-chord
airfoil mounted in the test section. Thie wing was
mounted approximately 13 inches above the center line
of tlhie tunnel so that the float and lower portion of the
strut would be within the working limits of the wake-
survey mechani sn. As a result of tests in the lNACA
tank, a spray strip was added, the step was removed, and
a cove was cut into the alter sectlion of the chine
(fig. L(v)).




SYMBOLS .

The coefficients and symbols used in this report are
defined us follows:
Ly

model 1ift coefficient ——
qSM
airplane-drag-coefflclent increments

4D
s

drag coefficients bused on the maximum cross-

D. - D,
sectionul area of the hull - .

gA
total 1ift on the model
wing area of the model
dynumic pressure of air (%pva)

drag of surveved nortiosn of the model scaled to
fral gise

total wing area of the alirplane

drag of survered nortion of wing-hull combination
drag of surveyed nortlon of the wing alone
maximum cross-sectional area of the hull

angle of attaclk of the model wing

pitch angle (uangle of attack of the hull)

TEST METHODS

The 1ift coefficients were obtained by measuring
the reaction of the 1ift on the floor and ceiling of
the tunnel (reference 1). The 1ift data-ure presented
as model 1ift coefficlents CLM.




The drag measurements were made by the walie-survey
method (reference 1), The drag datu are nrescntod &s
airnlene-drag-eceffielent increments ACp becuause the
differences in drag eoeffilelent resulting from modifi-
cations of the arrangements represent directly the
resulting ehange in drag eoefficlent of the aetual
airolane. The value of this drag eoeffielent also
renrcsents the eontribution to the total airplune drag
coefficient of the nortion of the model surveyed.

Spanwise drag surveys were muade over the central 20
inehes of the model sran. By intergrating these survey
dlagrams the alirplane-drug-eoet'fielent increments for the
wing-hull model wére determlned. TLe unodel wing aresa
surveyed corresponds to 28.2 percent of the actual alr-
plane wing area. A typical survey for one condition is
presented in figure 5. The section drag eocefflelents
shown in this figure are based on the meun geometric
model ehord of 13.72 inches.

The airplane-drag-coefficlent inerements for the
floest-strut mccdel were obtained by the integration of
drag surveys made over the flott and lower 12 inchcs
of the strut.

To compare the drag eoefl'ielents for this model
with those of other hulls, the coefficlents were also
based on the maximum cross-sectional area and are
presented as drag coefflclents CDA'

RESULTS AND DISCUSSION

Wing-hull rodel.- The important 1ift data obtalinod
are presented in figure 6, Sinee minnr modifications
to the hull had 1little effeet on the 1lift churacteristics,
these data are not presented. The incidenee of the hull
1s shown to have an appreelable affeet upon the angle of
zero 1lift, the slope, and the maximum 11ft coefficient.
These changes would have been much less if the totul wing
area of the alrnlane had been represented on the nodel.

The drag data for each model arrangement ware
obtalned at 1ift eoefficlients eorresponding approxi-
mately to the expected high speed, erulsing, snd elimb
conditlons for -the airplane. The drag date obtuined are




presented in figures 7(a) and 7(b). A comparison
between these figures showsthat tlie step falring used
with wing incidences of 2° and L° appreciably lowercd the
drag coefficients of the model. The addition.of wing
fillets reduced the drag coefficients obtained Wwith a
wing incidence of 2° but gave a small increase in drag
with the wing incidence increased to °. The lncreased
chine. flare added to the model following hydrodynamic
tests caused a small increase in the -drag coefflclents.
Doors, mooring apparatus, and other protuberances would
be expected to prevent extensive laminar flow over the
actual airplane hull:; therefore, roughness was added to
the model to determinc the drag coefficients of the hull
with fixed transition. At a 1ift coeflicient of 0.25,
cementing 0.0l12-inch carborundum particles to- the hull
increased the drag-coefficient increment 9 percent at

O incidence and gluing number 50.thread just aft of:the
bow increased the drag-coefficient increment 5 percent
at 7° incidence,

The differcnces between the values for the wing-hull
combination and those for the wing alone represent the
drag and interference of the hull expressed directly as
airplane-drag-coefficlent increments. These data are’
chiefly remacicetle for the unusually low drag increnients
caused by the hull. This is clearly indicated in figure 8
where a comparison of the drag coefficlents (based on
the maximum cross-sectional area) shows that the Hughes-
Kaiser hull, a modified NACA model 8l=F, with fixed
transition gave considerably lower drag coefficients than
were obtaincd with the NACA model 84-F (reference 2) with
fixed transition. The more favorable results indicated
by the present tests may be partially attributed to
possible favorable interference between the wing and the
hull. The Hughes-Kalser hull with fixed transition glves
lower drag coefficients than other comnarable NACA hulls
(references3 and L) in a smooth condition and the _
coefficients obtained with the hull in a smooth condition
are much lower.

float-strut model.- The accuracy of the 1lift data
obtained durlng the tests of this model was doubtful:
therefore, no 1lift coefficlents are presented.

The drag data are presented in figure 9 for the
three float settings tested. The afterbody step is
shown to cause an increase in drag for all three float
positions. Changes in incldence of the float and strut
to the wing did not affect the drag coefficlents to any




appreclable extent. The addition of the spray strip
and cove increased the drag of the model.

Tuft observations were made with and without the
step in the afterbody and with the float keel line
paralled to the chord line of the wing. The results of
these tuft studies are presented in figures 10 and 11.
With the step in the afterbody of the float, the alir flow
generally was steady except over the surface just aft of
the step. The flow over the bottom of the float just
aft of the step was separatcd. At a point midway along
the bottom aft of the step the flow was intermittently
separated, indicating that the air strcam was closing
back into the surface. With no step In the afterbody,
the flow over the float was steady excert near thec rear
of the chine 1line. The air senarated locally as it
flowed over the chine line, but returned to a steady
condition over the remainder of the float.

CONCLUDING REMARKS

Wing-hull model.- The results show that, for the
model tested, the incidence of the hull had an apprecil-
able effect upon thc angle of zero 1lift, the slope, and
the maximum 1ift characteristics. Minor modifications
to the hull had little effect on the 1lift characteristics
of this model.

The model as originally tested showed unusually low
drag coefficients for all angles of incidecnce, and the
addition -of a step fairing lowered these drag coefficients
T.5 percent, The addition of wing fillets caused only
small changes in drag. The added chine flare caused
small increase in the drag coefficients of this model
in the high-speed condition. A moderate increaze in the
drag coefficlents was obtalined with transition fixed just
aft of the bow,

Float-strut modcl.- The results show that changes
in incldence did not appreciably affect the drag coeffi-
cients of the model. An increase in drag-coefficient




7

increment of over 30 percent was obtained with a step in
the afterbody of the float. The addition of the spray

strips and the cove also caused an appreclable increase

in drag.

Lansiey Hemorial Aeronautlical Laboratory, .
National Advisory Committee for Aeronautics,
Langley Field, Va., September 2, 1943,
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Spanwiss varietion of section drag sosffisients for the
gehull model of the Nughse-Ks!lrer Cargo nrphul{ no
step faiprings, or roughness; inoidenoce, 7°; mode

117t soerrieient c,‘ w 0.182; R, 22,5 = 10°, Test, TDT 325.
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—— me-meunuy esparated flow
~¢  Separated flow
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H.{url /0 = Tuft obesrvetions of the 1/10=s0s10 float-etrut model for the Bmu-gnnr
irplane; otep in flost efterbody; floet inoldence 0° to wing chord; R, 7.0 x 10
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nf\nn # o= Tuft obeervetions of the 1/10-s0ale float-strut model for the I! es-Kaiser Cargo
irplane; no afterbody etep; flost inoidence 0° to wing chord; R, 7.0 x 1 Test, DT 536 /
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