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SUMMARY

lleasurements of aerodynamic drag have been made in
the 20~foot wind tunnel on a representative group of 11
flying~boat hull models. The models were originally con-
structed for the N.A.C.A. tank and the results of tank
tests on 9 of them have already been published.

Four of the models were modified to investigate the
effect of variations in over~all height, contour of deck,
depth of step, angle of afterbody keel, and the addition
of spray strips and windshields.

The results of these tests, which cover a pitch-angle
range from =5° to 10°, are presented in a form suitable
for use in performance calculationsg and for design pur-
pPOSEse

INTRODUCTION

The scarcity of aerodynamic drag data on flying-Dboat
hulls has been brought to the attention of the N.A.C.A.
through repeated requests for such data. At the present
time practically all of the data on the acrodynamic char-
acteristics of flying-~boat hull models that have been pub-
lished are to be found in reference 1, The tests reporte-
ed therein were made on models of which tie greatest num-
ber are at present obsolete and of which the dimensions
were less than one half those of the models in the pres-
ent tests.

The present tests were greatly facilitated by using
the models that had been constructed for hydrodynamic re—
search in the N.A.C.A., tank, These models formed a rep-
resentative group of recent hull lines and were of such
size as to permit a Reynolds Number (based on hull length)
of about 7,500,000 to be obtained.
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The main purpose of this investigation is to make
available to the designer useful information with regard
to the aerodynamic drag of various types of flying~boat
hull models. The present report is the first in a series
covering an investigation in this field. Through close
cooperation between the hydrodynamics and aerodynanmics
divisions it is hoped that results leading to improvements
in hull design may be obtained.

As the air characteristics of a flying—-boat hull will
be most useful to the designer when supplemented Dby tank
data, a 1list of the N.A.C.A. publications in which the wa-
ter characteristics of all the hulls in the present study
that have thus far been tank-tested is given below.

Model no. Publication
11-4 TN 470
g TN, 471 3
18 T.N., 482
14 T,No 491
35 ‘ ‘ T.N¥., 504
22~A T,Ne 504
26 e, 512
1 T.Re 470
T T.R. 508

APPARATUS AND METHODS

investigated in this report are given in figures 1 and 2
and 4 to 712, and in table I, the identifying mumbers being
the same as those used in the reports of the tank tests.
The models were made of mahogany; the surfaces were smooth
and painted.

Seven of the models were built with flat plywood-
covered decks. This coustruction was considerably less
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costly than one with a normal superstructure and facili-
tated testing in the tank but, uvunfortunately for the pres~
ent tests, these models bore little aerodynamic resem—
blance to normal hulls with nicely rounded deck corners.

The possibility was considered of fitting rounded
decks on 3 of the flat-decked models and from tests on
these 3 predicting what the effect of the rounding would
be on the other 4. The drag of a hull will vary somewhat
with the curvature of the rounded deck but it was thought.
that most of the benefit of a fully rouunded deck could be
obtained by merely giviag the coraners a generous radius of
curvaturée, A detachablo rounded-deck layer having a cor- .
ner radius and thickness equal-to one quarter of the beam
at cach station was thorefore made for models :11~4, 26,
and 35, In figures'2, 8, and 9 the rounded—-deck layer is
shown by broken lines. The solid lines ‘in all-of the fig-
ures oxccPt figure 20(a) indicate the lines of tge orig-

inal models.

Othcr-structural modifications made to models 35 and
11~A consisted of cutting them down to the minimum height
possible without cutting through the chines and then re-
bulldlng them with a number of detachabdle flat layers,
ewchAlz inches 'in thickness. This construction enabled the
detormination. of the variation of hull drag with hull
height. One of the flat layers is shown by brokea lines
in figures 2 and 9. The amount that the original models
were cut down is not indicated in the drawings.

As received, the decks of all the flat-decked models
were covered with 5/16~inch plywood and rounded at the
corners to about 1/4-inch radius. The discrepancy between
the hoights Indicated in the figures and in table I is ac-
counted for by the thickness of this plywood layer, not
shown in the figurcs, with which all of the flat—decked
models wore tested, '

The flat-decked model 1ll-A was made. in two main parts,
the forebody and afterbody, separable at the main step.
Variations in depth of step were obtained by shifting the
forebody up or down relative to the afterdbody, and varia—
tions in angle of afterbody keel were obtained by insert—
ing wedges between the two sections. In both cases the
deck was Dbuilt up to avoid irregularities.

Hodel 35 was further modified to permit the determi-
nation of the effect of both the ordinary and undercut
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types of windshield., These modifications (shown in fig.
20(a)) were made by cutting down the foredeck and bu11d~
ing up the windshields with plasticine.

é;ggggggs. The tests were made in the 20~ foot tun=-
nel described in reference 2. The model were mounted in
an inverted position .on a strut as shown in figure 3 and
the changes in angle of pltch were obtained by rotating
the model about. a horizontal bar to which the vertlcal

strut was attached.

vAil df~the supporting structure except a short por—ﬁ'

tion of the supporting.strut was totally enclosed by faire~
ing and the system was electrified to detéct any foullng
of the falrlng with the active supports.

angle range from -5° ta 10° at 1ntervals of 2—0, megsured

from ‘the straight part of the deck coenter line. Drag
readings were taken at soven or more air speeds ranging
from 45 miles per hour to somewhat more than 100 miles per
hour and were plotted against -dynamic pressure. g for
each angle of pitch.: The values of gross drag at a dynam~
ic pressure. corresponding to._a.velocity of 100 miles per
hour .in standard air were taken. from these plots and, af-
ter maklﬁg tare and horizontal-buoyancy correctioans, the,'
net drags thus obtained were converted to coeff1c1ent form
and plotted against the angle of ‘pitch.

The tare drag.was determined at each angle of pitch
by supporting the model on the balance with an alternate
set . of struts and making drag tests with and without the
normal supporting strut. The tare drag thus obtained
amounted .to about 22 percent of the average minimum drag
of the models.

A horizontal-Dbuoyancy correction was necessary since
in the portion of the tunnel jet where the models were
tested there exists a static-pressure gradient in the di~
-rection parallel to the air flow. The correction was
found to be about 8 percent of the minimum drag of each
hull model.

The drag coefficient given in all the figures of this
report, Op = drag/qd, is based on the maximum cross-
sectional area of the model, A coefficient based on the
two-thirds power of the volume might have been equally
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suitable and-for.thisg reason table I gives, in addition
to the major dlmen51ons, the volume of each hull model and
its minimum drag coefflcient Cﬂvz/a based on (volume)e/3

PRECISION .

The balance system was calibrated during the period
when these tests were being made and it was found to be
accurate to 0405 pound in the range of drag values encoun-
tered. in the hull~model. testse.

The plots of gross drag against q showed few points
removed more than 0.10 pound from the mean line and, after’
congidering the possibility of other minor errors plecud jar:
to .wind-tunnel testing, it is believed that in the range
of minimum drag the tests are accurate to *0.,15 pound, or
about #5 percent. This percentagsé accuracy may also be
assumed as holding for the higher angles of pitch.

RESULTS AND DISCUSSION

The .results of the present tests are presented in
figures 13 to 23 and in table I. Figure 13 shows the drag
curves for all the models with rounded decks and figure 14
shows the curves for three flat-decked models. The drag
curve of model 44, one of the NC class, is notable because
of its low value of minimum drag and because of the angle
at which the minimum occurse It must be remembered, how-
ever, that flying boats using the form of model 44 require
either a bull exteéension, or booms, to carry the tail sur-
faces, the drag of which must be added to the drag of the
hull for a true comparison with the drag of other hulls,

Models 11~A and 26, which have the most favorable
drag characteristics of any of the hulls tested, have ver—
tical sidess. Model 35 also has vertical sides but, like
model 22-A, it has a pointed step that seéms to have a
hléher drag than the usual tranﬂvorse step. F e

v————————————

Effect of height.~ The relation between drag coeffi-
cient and over-—all height of hull is shown in figures 15
and 16, These results were obtdlned oy adding flat-deck
layers to the models and testing with and without the
rounded—~deck layor. The curves in figures 15 and 16 indie-
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cate, as one would expect, that the drag coefficient de~
creases with increase in the height of bull., It is to be
noted that, although the coefficient decreases with height,
the drag actually increasess

BEffect of rounded decl.~ Figures 17, 18, and 19 indi-
cate the benefit derived from a rounded deck., The dif-
ferences between the drag coefficients of the three hull
models with and without rounded decks are exaggerated by
the disproportion between the height of the three models
with and without the rounded deckes With the data in fig-
ures 15 and 16 it is possible to estimate a height correc-
tion that will put the curves on a comparable basis. Such
a method was used to produce the dotted curves in figures
18 and 19, which give the drag of flat-decked hull models
having the same cross—sectional areas as the models with
rounded deck in these figures. No correction was necessary
for model 35 (fig. 17) as the cross-sectional areas for
the two conditions were nearly the same.

If the minimum drag of hull model 26 with the flat
deck and with the additional rounded—~deck layer is calcu-
lated, it is found that, althousgh the cross-~sectional area
has been increased 33 percent by the rounded-deck layer,
the minimum drag has actually been reduced by about 12 per-
cente When the hulls are of the same over—all height the
reduction is from 20 to 25 percent,

Effect of windshields.~ The additional drag caused by
two common types of windshields is shown in figure 20.
Although hull model 35 was the only one tested with a wind-
shield, the results of the tests on it -may be used to as-
timate the additional windshield drag coefficient for the
other hull models. The high drag of the undercut winde-
shield is noteworthy.

Effect of spray strips, depth of step, and angle of
afterbody keel.~ The effect of adding spray strips to mod-
el 40 is shown in figure 21. The spray strips, which were
about 2 percent of the beam in width, increased the mini-
mum drag of the model by about 8 percent; at 10° angle of
pitch the increase in drag was about 15 percent. TFor oth-
er hull models the effect of the strips will probabdly vary
somewhat with the chine lines.,

Tests were made on model 1l-A with three depths of
gliep¥ i imeh, 1/2 inch; and no steps The results of these
tests are shown in figure 22., A calculation based on these
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data shows that the increase in drag caused by the step
when expressed as =) cooff1c1ont based on the area of the
step gives a value which docs not vary grcatly and which
averages about 0.21. Barlier in this reéeport it was men-—
tioned that pointed steps appear to have a higher drag
than transverse steps. This characteristic is probably
due to the fact that pointed steps are deeper than trans-
verse steps and are rounded to the center line so sharply
that separation of the air occurse

Figure 23 shows that up to an angle of about 6° the
effect of the anglec of afterbody keel (measured as indi-
cated in fig. 2) on drag is practically negligible but inw
creases quite rapidly for larger angles. These results
also were obtained from hull model 11l~A4A,

Take-0ff.~- The resistance of a hull model as measured
in the N.A.C.A., tank includes the air drag of that portion
rising atove the water surface so that in making take-~off
calculations the data in this report need be used oanly in-
directly in a. manner described in various tank pulblica-
tiong; e«ges reference. 3.

coefficients of flyln@—ooat hulls and the drag coefficient

.of an airship hull should belof some interests The drag

coefficient of an airship hull at approximately tae same
Reynolds Number as the hull models tested here was calcu-
lated from airship data obtained in the 20-foot tunnel
(reference 4) and found to bc about 0.052; whereas in fige-
ure 15 the minimum drag coefficient of model 26, the
"cleanest" model, is found to be 0.092. It therefore ap~
pears that it would be possible, disregarding all practi-’
cal considerations, to reduce the drag of model 26 by
about’ 43 percent.-

The requirements of good water performance demand,

of course, a variation from ideal aerodynanic form., A1~
though such irregularities as chines and steps appear at
this time to be essential features of hull form, it may

be possible through judicious design development to reduce
their i1l effects without impairing the water characterig—
ticse The results of these tests indicate that large im~
provements in the designm of many hulls would, indeed, Dbe
possible.,

Since the beginning of their use the design of flying-
boat hulls has been dominated by their water performance
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rather than by their aerodynamic qualities. The increas-
ing tendency toward high—speed flying boats having low
power loadings and using controllable propellers will un-
donbtedly shift the focus of attention in the aerodynamic
direction and it is not beyond the realm of possibility
to expect radical innovations in the way of retractable
steps and controllable fairings for steps and chines.

The data for a representative group of flying-boat
hull models presented in this report should be useful in
design and for performance calculations. It is planned
to make further tests on additional models that have been
or will Dbe tiested in .the N.A.0.A. tank thus including ‘a
greater number and variety of hull forms. Resegrch of :a
more fundameéntal nature to determine the extent to which
the drag of a hull is influenced by modifications of chines,
steps, and body contours is also contemplateds

Langley Memorial AeronauticallLaboratory, sk
Ngtional Advisory Committee for Aeronautics,
Langley Field, Va,, March 25, 1935.
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BASIC DIMENSIONS ALD
DRAG CHARACTERISTICS OF
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TABLE I

525

HIWIMUM AERODYNAMIC
HULL MODELS

Dimensions Coefficients
Eull Pltch
Yo, | Length|Height| Beam| Area |Volume Cp vag/3 angle
A v (min.)|{(min.)

In. In. Ine |{Sqgefte|Cusfts, Dege
i 9646 13. 1647 | 1.14 550 |04130 [0.0475 0
11-A 9640 17,5 | 17.0 ] 1.80 9.76 .098 .0387 0
11-4% 96.0 1643 § L0 § Le¥O 7.86 « 130 «0560| <1
147 96,0 | 14.3 | 19.0| 1.66 | 8430 | +140 | .0567| -1
16 100.0 13.3 | 16,9 1,02 4,80 + L6 0416 0
18 117.5 13«8 | 1648 1s22 7.10 124 «0409 X
22~A% 9848 | 12.3 |17.0| 1.36 | 6.36 | .158 | .0627| =2}
26 99.4 kreh LS9 | 180 116456 092 «0365 L
261" 99.4 13.3 {17.9 1,43 7«80 «140 .0509 0
35 80.0 13.8 | 13.0 | 1.13 5.20 .103 .0388| =3
351 8040 1345 | 13.0{ 1.14 5,43 « 130 «0480| -3
36! 100.0 12.8 | 14,0 | 1.13 642 146 « 0477 0
401 100.0 1443 | 2340 | 1.19 5463 «L19 0402 | -1
40'% | 100.,0 14,3 | 13,0 | 1.19 6.63 «128 0432 -1
4.4 i hsd 1640 1 I7:0 | 1522 5602 .094 .0360| -6

"Indicates models with flat decks; the others have rounded

deckse.
*With spray strips.

D
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Figure 19.-The variation of drag coefficient of model 26 with flat and

rounded decks,
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