% - N R 65633

MR Sept. 1943

' : NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
|

*
| WARTIME REPORT
CASE FIL Eow me

ﬁ p Y Memorandum Report

wa&
TESTS OF A 1/40-SCALE WING-HULL MODEL AND A l/lO—SCALE

FLOAT-STRUT MODEL OF THE HUGHES—KATSER CARGO AIRPLANE
IN THE TWO-DIMENSIONAL LOW-TURBULENCE PRESSURE TUNNEL
. By Felicien F. Fullmer, Jr.

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

NACA

WASHINGTON

. NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

L =0




. EMORANDUM REPORT

for the
Department of Commerce
TESTS OF A l/MO—SCALE WING-HULL MODEL AND A l/lO—SCnLE
FLOAT-STRUT MODEL OF THE HUGHES-KAISER CARGO AIRPLANE
IN THE TWO-DIMENSIONAL LOV-TURBULENCE PRESSURE TUNNEL

By Ffelicien F. Fullmer, Jr.
INTRODUCTION

At the request of the Department of Commerce, aero-
dynamic and hydrodynamic tests have been made of a 1/1,0-
scale wing-hull model and a 1/10-scale float-strut model
of the proposed arrangement of the Hughes-Kaiser cargo

airplane. The aerodynamic tests were made in the NACA
two-dimensional low-turbulence pressure tunnel and the
- results are presented in this report. The hydrodynamic

tests were made in the NACA tank and are being reported
separately.

The aerodynamic tests were made primarily to study
the drag characteristics of these models as orilginally
designed and to determine, if possible, how the proposed
designs could be improved. The investigation
accordingly included tests of these models as received
and after various modifications had been made. Some of
these modifications were made as the result of hydro-
dynamic tests at the NACA tank. Vihenever oracticable,
additional tests were made to study the 1ift character-
lstlecs o these models. The tests of the wing-hull
model were made at a Reynolds number of approximately
22,5 million based on the model-hull length of 62.25
rnehe s The float-strut model was tested at a
Reynolds number of aporoximately 7 million based on the
model-float length of 28.00 inches.

MODELS

Wing-hull modsl,- The model arrangement tested 1s
shown in figure 1 in the original condition and in flgure
. with the added chine-flare strips as recommended by the




NACA tank. The span of the model was %6 inches (tunnel
test-section width); therefore, only the inboard portion
of the wing (approximately 37.5 percent of the full span)
was modeled. The airplane wing tapers from an NACA
63(1,20)-321 root section to an NACA 65,3%-418 section at
the tip. The airplene hull was developed from and is
similar to the NACA model 8L -F hull. The wing and hull
were constructed of mahogany and all surfaces were
painted and sanded until aerodynamically smooth. for
some tests fillets made of modeling clay were added to
the model at the wing-hull junction. These fillets
were of the expanding-radius type and were very small
forward of the maximum thickness of the wing. At the
wing trailing edge the fillet radii were 1 inch and
0,506% dinchy 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. The
sten fairings used for some of the tests were made of
modeling clay and extended approximately 8.5 inches aft
ol \bhe' gtep. 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 shellacking
0.012-inch carborundum grains to the hull for a distance
of 5.1 1lnches aft of the bow,

Float-strut model.- The model arrangement tested

1gl shown -in Tigure 5. The model was constructed of
mahogany; all the surfaces were painted and sanded until
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, intersected the
guarter-chord point of the wing for all angles of inci-
dence of the float. The %6-inch chord of the model
approximates, to the same scale, the chord of the air-
plane wing at the juncture of the wing and float strut.
The airfoil used was chosen only because of its avail-

ability and was an NaCA 66,2-216 section. figure l(a)
shows the float-strut model and the 36-inch-chord
airfoil mounted in the test section. The wing was

mounted approximately 13 inches above the center line

of the tunnel so that the float and lower portion of the
strut would be within the working limits of the wake-
survey mechanism. As a result of tests in the NACA
tank, a spray strip was added, the step was removed, and
a cove was cut into the after section of the chine

(rig. 4(b)).




SYMBOILS
The coefficients and symbols used in this report are
gefiiined¥as el lowss
e Ly
CLm model 1lift coefficient —
M asS
i q 7M
ACy airplane-drag-coefficient increments 4D
qS
CD drag coefficients based on the maximum cross-
g DP i Dw
sectional area of the hull —————
gqA
Ly total 13f6 on the modeli
Sy wing area of the model
« 2 "o 1 ] £ o9 mn /l Y'2
; el dynamic pressure of air (5pVe)
AD drag of surveyed portion of the model scaled to
RIS sz e
S total wing area of the airplane
> i,
Do drag of surveyed nortion of wing-hull combination
Doy drag of surveyed portion of the wing alone
A maximum cross-sectional area of the hull
a angle of attack of the model wing
ap pitch angle (angle of attack of the hull)
TEST METHODS
The 1ift coefrficients were obtained by messguring
Che reagtion of the 41ift onm the floor and ceilingof

S R 1
¢ the tunnel (reference 1) The
g

1lift data are presented



The drag messurements were made by the wake -survey
method (reference 1). The drag date are oresented as

airplene-drag-coefficient increments AC, bpbause the
differences in drag coeff e resulting from modiri-
angementz represent diwrectly the

(=
=S

cations of the arr

resulting change in drag coefficient of the actual
Blrplane, he valne of thissdrag coelff¥cient also
renresents the contribubtlion to the total airplane drag

coefficient of the oortion of the model surveyed.

Spanwise drag survevs were made over the central 20
inches of the model svan. By intergrating these survey
diagrams the airplane-drag-coefficient increments for the
wing-hull model were determined. Thie model wing area
surveyed corresponds to 28.2 percent of the actual air-

plane wing area. A typical survey for one condition is
presented in figure §5. The section drag coefficients

shown in this figure are based on the mean geometric
model chord of 1%.72 inches,

The airplane-drag-coefficient increments for the
float-strut model were obtained by the integration of
drag surveys made over the float and lower 12 inches
of the strut.

To compare the drag coefficients for this model
with those of other hulls, the coeificients were also
based on the maximum cross-sectional area and are

presented as drag coefficients Cp,
~A

RESULTS AND DISCUSSION

Wing-hull model.- The important 1ift data obtained

are presented in figure 6, Since minor modifications
tn the hull had little effect on the cterdstic
these data are not presented. The 1acidence of "the 1u11
is shown to have an ahuvaTe%t 'feczt uron the angle of
Zero 1*3#, tae slope, and LiTLt ceefficient.
These changas would have if the total wing
arsa of the airplane had b ern ced on the model.,
The drag data for each mcdel arrangement were
obtained at 1lift coefficlents Lﬂ’TéﬂpJ aing approxi-
mately to the expected high speed, cruising, sad climb
conditions for the airplane. The drag cata obtuined are



presented in figures 7(a) and 7(b). A comparison
between these figures showsthat the step falring used
with wing incidences of 2° and L° appreciably lowered the
drag coefficlients of the model. The addition of wing
fillets reduced the drag coefficients obtained with a
wing incidence of 2° but gave & small increase in drag
ith the wing incidence increased to o The increased
chine flare added to the model following hydrodynamic
tests caused a small increase in the drag coefficients.
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 determine the drag coefficients of the hull
with fixed transition., At a 1ift coefficient of 0.25,
cementing 0.012-inch carborundum particles to the hull
increased the drag-coefficient increment 9 percent at
L, incidence and gluing number 50 thread just aft of the
bow increased the drag-coefficient increment 5 percent
at 7° incidence.

The differences 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-coefficient increments. These data are
chiefly remarkable for the unusually low drag increments
caused by the hull. This is clearly indicated in figure 8
where a comparison of the drag coefficients (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 obtained with the NACA model SA~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-Kaiser hull with fixed transition gives
lower drag coefficients than other comparable NACA hulls
(references3 and i) 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 ittt data
obtained during the tests of this model was doubtful:
therefore, no lift coefficients are presented.

The drag data are presented in figure 9 for the
three float settings tested. The afterbody step 1is
shown to cause an increase in drag for all three float
positions. Changes in incidence of the float and strut
to the wing did not affect the drag coefflicients to any




appreciable 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. Haelaze stilic SNe
these tuft studies are presented in figures 10 and 11.
With the step in the afterbody of the rfloat, the air 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 separated. At a point midway along
the bottom aft of the step the flow was intermittently
separated, indicating that the alr stream was closing

back into the surface. With no step in the afterbody,
the flow over the float was steady except near the rear
of' the chine line. The alr sevarated locally as it

flowed over the chine line, but returned to a steady
condition over the remainder of the float.

CONCLUDING RIEMARKS

Wing-hull model.- The results show that, for the
model tested, the incidence of the hull had an appreci-
able effect upon the 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 incidence, and the
addition of a step fairing lowered these drag coefficients
7.5 percent. The addition of wing fillets caused only
small changes 1in drag. The added chine flare caused
small increase in the drag coefficients of this model
in the high-speed condition. A moderate increase in the
drag coefficients was obtained with transition fixed just
aft of the bhow,

Mloat-strut model.- The results show that changes
n incidence did not appreciably affect the drag coeffi-
pJ v 6

5
cients of the model. An increase in drag-coefficient
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Model dimensions
Model span 36,00 inches

@« LI

Mean geometric model chord 13%.72 /-' = ~ = )
Hull length 62.25
Maximum beam 3.20
Maximm depth .98
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Figure 7 .- Drawing showing the arrangement of the 1/l0-scale wing-hull model of the Hughes-Kaiser Cargo Airplane







Figure 2.- Photograph showing the added chine flare on the Zla—scale wing-hull model

of the Hughes-Kaiser cargo airplane,
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Model dimensions
Float length 28.00 inches
Maximum beam 6.78
Maximum depth 6.78
Average chord of strut 15.51
Strut length 18.31
22 NATIONAL ADVISORY
H K

COMMITTEE FOR AERONAUTICS

Figure S .= Drawing showing the arrangement of the 1/10-scale float-strut model of the Hughes-Kailser Cargo Airplane,






L-633

(a) Float-strut model attached to 36-inch-chord  (b) View showing float-strut with spray strip
airfoil and installed in the tunnel. ' and cove.

Figure 4,- Photographs of the 1—%)--scale float-strut model showing method of installation

and float modification.
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a = 7.,23°

a = L.13°

o— Steady flow
= Turbulent flow
—o— Intermittently separated flow

e Separated flow
a =1,0%°
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Pigure /0 .- Tuft observations of the 1/10-scale float-strut model for the Hughes-Kaiser Cargo
Airplane; step in float afterbody; float incidence 0° to wing chord; R, 7.0 x 10°. Test, TDT 389.
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Figure // .- Tuft observations of the 1/10-scale float-strut model for the Hgghes-Kaiser Cargo
Airplane; no afterbody step; float incldence 0° to wing chord; R, 7.0 x 10°, Test, TDT 386.




