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AERODYNAMIC CHARACTERISTICS OF A FLYING-BOAT HULL
HAVING & TENGTH~BEALN RATIC OF 15
TED Ne. WACA 2206

By John M. Riebe and Rodger L. Neeseth

.

SUMMARY

in investigation was made in the langley 300 MPH 7- by 10-foot
tunnel to determine the aerocdynamic characteristics of a flying-toat
hull of a length-beam ratioc of 15 in the presence of a wing. The
investigation was an extension of previous tests mede on hulls of
length-beam ratios of 6, 9, and 12; these hulls were designed to have
. approximately the same hydrodynanmic performance with respect to
spray and r651stance charac+erlstics.

Comparison w1th'thefprevious investigation at lower length-beam
ratios indicated a reduction in minimum drag coefficient of 0.0006
(10 percent) with fixed transition when the length-beam ratioc was
extended from 12 to 15. ' As with the hulls of lower length-beam ratio,
the drag reduction with a length-beem retio  of 15 ocourred throughout
the range of angle of atteck tested and “the engle of atitack for minimum
dreg wes in the range from 2° to 32 ‘Increasing the length-team
ratio from-12 to 15 reduced the hull longitudinal instability. by an
emount corresnondinv to an aerodynsmic~-center shift of about §-percent
of the mean aerodynamlc chor'd “of the hypothetlcal flying boat. At
an angle of attack of 29, ‘the velud of the variation of yawing-moment
coefficient with angls of yew for & length-beem ratio of 15 was 0.COLLl,
which was 0,00C07 largsr than ‘the valus for ! 1ength-beam ratio of 12,

INTRODUCTION

s

In view of the requirements .for increased range and increased
speed in flying-boat designs, the Bureau of:Aeronautics, Navy Department,
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has requested an investigation of the merodynamic characteristics of
flying-boat hulls as affected by hull dimensions and hull shape.

One phase of this investigation, the effect of length~beam ratio
on & series of hulls designed to have no appreciable change in hydro-
dynamic performance with respsct to spray and resistance characteristics,
has been presented in reference l. The resulbts of the Investigation
have shown that substantial drag reduvotions can be attained by extending
length-beam ratios up to the hlghest value tested, namely, 12, and has
indicated that further drag reductions might be obbtained at still
higher length-beam ratios.

The present investigation,made in the lLangley 300 MFH 7- by 1l0-foot
tunnel, is an extension of the models of the serises of referencel to
a length-beam ratio of 15 (langley tank model 22},). As in the investi-
gation of reference 1, the drag and stability parameters include the
effects of wing interference. Throughout the present paper the
term "hull serodynemic characteristics" is used to indicete hull
aerodynamic characteristics with wing interferencs.

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coefficients
of forces and moments. Rolling-moment, yawing-moment, end pitching-
moment coefficients are given about the location (wing 30-percent-
chord point) shown in figure 1. Except where noted, the wing area,
the mean aerodynamic chord, and ths span of a hypothetical flying boat
derived from the XPBB-1 flying boat (fig. 2) are used in determining
the coefficients and Reynolds aumbers. The data are referred to
the stabllity axes, which are a system of axes having their origin at
the center of moments shown in figure 1 and in which the Z axis is
in the plane of symmetry aund perpendicular to the relative wind,
the X axis is in the plane of symmetry and perpendicular to the Z axis,
and the Y eaxis is perpendicular to the plane of symmetry. The
positive directions of the.stability axes asre shown in figure 3.

The coefficients and ‘symbols are defined as follows:

. s, \\ )
CL 1ift coefficient ,ldgt)
Cp drag coefficient (2£E5
.48
Cy lateral-force coefficient (é%)
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Cz
Cn
Cn

Lift
Drag

XIYS Z

‘angle of yaw, degrees i

ro'lling-ﬁibﬁeﬁt: cfoéfficiep:l_: (é%—S)
pitching-mament cocefficient (Z{g—?)
yawing-moment coefficient E—E—S-) .
-Z

-X when ¥ =

forees along X, Y, B:Qd 'Z 'stability axes, respectively, pounds
rolling moment, about X a:-:is, foot-pounds

pitching moment, about ¥ axis, foot-pounds

yewing moment, about € axis, foot-pounds

[ w2
free-stream dymamic pressurse,.pounds per square foot kp—Z—

wing area of a —]'a-scale model of a hypothetical flying
boat (18.241 8q ft) (fige 2)

wing mean aerodynamic chord of a -scele model of a
hypothetical flying boat (1.37% £t) (fig. 2)

wing spen of a i-sca.le model of a hypothetical flying boat
(13.971 £5) (P1g. 2)

air ve-locity, féet p“er- se&x'on'd

- mess. density of a.ir, slugs per cubic foot

angle of atta.ok of hull oa.se line, degrees

ooy -

length-beam ratio whers L "is distence from Iorwaz:d perpen-
dicular {F.P.) to sternpost a.nd B is the maximum
beam: (flg. 1)

xReynolds numher, based on wing meén aerodyna.mio chord of

a -i%-scalq model of & hypothetical flying boat

N -
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Cp minimum drag coefficient based on maximum cross-sectional
min ares, A, of hull '(?%%&
Coy. minimum drag coefficient based on (*ar'olume)zf5 of hull
g
t:;(volume)e'/3
C inimum dr coefficient based on surface area, W, of
S ’
hull -
gW
Cmu rete of change of pitching-maﬁgnt coefficient with angle of
attack of hull base line (B%:_n_
Chn rate of chance of yawing-moment coefficient with angle of
! )
v Cn\
yaw e ¢
I/
cYﬂf rate of qg%nge of lateral~force coefficient with angle of
Y
w ———
e (-bx[;)
Subseript:
min minimum

MODEL AND APPARATUS

The hull used in the present tests was designed by the lLangley
Bydrodynamios Division. Dimensions of the hull are given in figure 1
and in table I. Hull model 22l is an oxtension of the series previously
reported in reference l. The present hull model (22;) and the hulls
of reference 1 were derived from & hypothetical flying boat essentially
similar to the Boeing XPBB~1 when incorperating langley tank model 203
(fige 2)« The geometry of these hulls was varied in a manner to allow
no appreciable change in hydrodynamic verformance with respect %o
spray and resistance characteristios (references 2 and 3).

The volume, the surface area, and the maximum cross-sectional
ares of the hull were 10,653 cubic inches, ;760 square inches, and
130.2 square inches, respectively. The side area was 1985 square inches.

The hull was constructed of laminated mahogany and was finished
with pigmented varnish. A4 photograph of the model is given in figure L.



NACA RM No. L6J2L ] 5

The hull was attached to a wing which was mounted in the tunrel
horizontally, as shown in figure 5. The wing,which was the same wing
used in the investigetion of reference 1, was set at an angle of
incidence of 4° on the model, had a 20-inch chord, and was of the
NACA 321 seotion.

TESTS

Test Conditions

The tests were made in the langley 300 MPH 7- by 1l0-foot tummel
at dynamic pressures of epproximastely 25, 100, and 165 pounds per
squere foot, which correspond to airspeeds of about 100, 200, and
268 miles per hour, respectively. Reynolds numbers for these air-’
gspeeds, based on the mean eserodynemic chord of the hypothetiecal
flying boat, were epproximately 1.20, 2.26, and 2.97 x 10°, respectively.
Corresponding ¥ach numbers were 0.13, 0.27, and C.3lL, respectively.

Corrections

Blocking corrsctions have been applied to the wing and the wing--
hull deta. The hull drag has been corrected for horizontal buoyancy
effects caused by a tunnel statle-pressure gradient. 4Angles of attack
have been corrected for structural deflections ceused by aerodynamiec
forces.

Test Procedure

All the tests were made with the wing mounting sebup as shown
in figure 5. The serodynamic characteristics of the hulls with inter-
ference of the mounting wing were determlined by testing the wing alone
end the wing and hull combination of the wing and hull under identical
conditions. The hull serodynamlc coefficients were thus determined
by subtraction of coefficients of the wing alone from coefficients
of the wing and hull combined.

In order to minimize possible errors resulting from transition
shift on the wing, the wing transition was fixed at the leading edge
by means of roughness strips of carborundum particles of eprroximstely
0.008-inch diameter. The particles were applied for a length of
8~percent of the airfoil chord msasured along the airfoil comtour from
the lsading edge on both upper and lower surfaces.
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Eull transition for all the tests was_ fixed by a strip of
0.008=inch-diameter carborundum particles E«inch wide and looated

approximately 5 percent of the hull length aft of the bow.
RESULTS AND DISCUSSION

The variation of the aerodynamic chereoteristics of hull model o2k
with angle of attack is presented in figure 6; the variation with angle
of yaw is given in figure 7.

In order to compare the aserodynamioc oharacteristics of hull
model 22, (I/B =15) with the serodynamic characteristics of the models
having lower values of L/B, the nminimum drag coefficlents and stability
parameters Cmgy, Cny» and qu,are plotted together with data from
reference lin figuy &. The date show a 1l0-percent reduction
(ACDy, 0.0006) in minimum drag coefficient when the value of /B
is 2iBndeq from 12 bo 15. .

Comparison of figure & with data of reference ‘1 indicates that
the reduction in drag resulting from extension of the length-beam
ratio to 15 generally occurred throughout the range of angle of attack
testeds With the hull of a length-beam ratio of 15, as with the hulls
of lower values of L/E the angle of attack for minimum drag occurred
in the range of 2° to 3°, Because of structural limitations of the
mounting wing, the date obtained at the higher Reynolds numbers were
necessarily limited to the angle-of-attack range shown.

Estimates indicate that the skin friotion of the hulls increases
only slightly with inereasing values of L/B. The reduction in hull
dreg 1s therefore caused primarily by a reduction in pressure drag.
The analysis indicates that the lowest minimum drag coefficient for
this series of hulls will probably ocowr at a length-beam ratio of
about 18,

The increase. of length-beam retio to 15 decreased the hull
longitudinel instability but csused an increase in directional insta-
bility. The desrease in longitudlgal instabillty correspounds to an
aerodynamic=-center shift of about 5 percent of the mean aerodynemic

chord of the hyvothetical flylng boat. Estimates made in reference 1
have indicated that the geometry of the hulls probably accounted for
most of the variation of with L/B, therefore, wing interference
had a negligible effect. At an angle of attack for minimum drag,
that is, 2°, the directional instability measured by Cp,, for o

valus of I/B of 15 was 0,001k, which was 0.00007 la.rger than the

N
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directional instability fer a value of L/B of 12. Increasing the
engle of atbtack to 6° had.the samé effect on Cny &8 in reference 1,
that is, the value of Gn¢ ‘wag decreaged 0.00017. The parameter OCyy:
was affected only slightly by an ihcredse in the length-beam ratio.

As in reference 1, angle of attack had a negligible effect on CT&'

For convenience, minimum -drag coefficients and stability parameters
sre presented in table "IL. -~ In order to compare the results of the
present tests with invest tions made of other hulls and fuselages,
the perameters Kf, dCnypt d¥, and dcn/hp, as glven' in references L,

5, end 6, respectively, are included in this table, The parameter K¢
is a fuselage moment factor, in the form of dqm/aa, based on hull
beem and length, where a is in redians. The yewing-moment
coefficient Cpnp' I1n the parameter dCpp'/aV is based on volume

and is given &bout a reference axis 0¢3 of the hull length from the
nosee. The paremeter CCp/0B is based on hull side area end length,
where the yawing momént is algo given about a reference axis 0.3 of tle
kull length from-the nose and g, the angle of sideslip, is given

in redians, ZInstability, as glven by the parsmeter bcnﬁbﬁ, agreed
closely with the mmll ¥alues given in reference 6.

Values of 3Cpe'/OV¥ for the hull with & value of L/B of 15 are
higher than representatlve values given in reference 5. This increase
can be attributed to-.the reduced volume at the higher length-beam
ratio as well as to the gensrally destabllizing effect of inoreasing
length~beam ratioc. - '~

CONCLUSIONS

Tests were made in the Langley 300 MPH 7- bty 10-foot tunnel to
determine the serodynamic oharacteristics of a flying-boat hull of
length-beam ratio 15 in the presence of & wing. Comparison of the
results of these tests with results of tests made on hulls of lower
length-beam ratios of 6, 9, end 12 designed to have approximately the
same spray and resistance characteristies indicatsd the following
oconclusions:

1, Witk transition fixed, the minimum drag coefficient of the hull
of a length-beam ratio of 15 was 0.000€ (10 percent) less than that
of the hull of a length-beam ratio of 12.

2¢ As with the hulls of lower length-beam ratio, the angle of

aettack for minimum drag for ths hull of a length-beam ratio of 15
ocourred in the raenge of 2° to 39,
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3« Inoreasing the length-beém ratio from 12 to 15 decreased the
hull longltudinael instability by af amount corresponding to an

aerodynamic-certer shift of about §.peroent of the mean aerodynamioc
chord of the hypothetical flying boate

he At an angle of attack of 2%, the value of the variation of
yawing-moment coefficlent with angle of yaw for a length-beam ratio
of 15 was 0.001hLl;, which was Q207 larger than the value for a
length-beam ratio of 12,
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TABIE II

¥INIMUM DRAG COEFFICIENTS (TRANSITION F'IXED) AND STABILITY

PARAVETERS FOR LANGLEY TANK ¥ODEL 224 (L/B =15)
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Figure 2.~ Comparison of 76-5scale models of
the XPBB-/ and hyporhetical flying boaf
/ncorporating hull 203 (# =9).
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Figure 4.~ Hull model 224 (—%— = 10) of the length-beam-ratio investigation
made in the Langley 300 MPH 7~ by 10-foot tunnel.
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Figure 5,- Mounting of the wing alone of the hull investigation in the Langley
300 MPH 7~ by 10-foot tunnel.
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