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ON THE WATER PERFORMANCE OF A SEAPLANE FLOAT

By J. B. Parkinson and §, B. Robertson, Jr.

SUMMARY

A 1/3,5 full-size model of the Mark V float of the
Bureau of Aeronautics, Navy Department, was tested in the
N.A.C.A. tank both with smooth painted bottom surfaces and
with roundhead rivets, plate laps, and keel plates fitted
to simulate the actual bottom of a metal float. The aug-
mentation in water resistance due to the added roughness
was found to be from 10 to 12 percent at the hump speed
and from 12 to 14 percent at high speeds. The effect of
the roughness of the afterbody was found to be negligible
except at high trims,.

The model data were extrapolated to full size by the
usual method which assumes the forces to vary according to
Froude'!s law, and in the case of the smooth model by a
method of separation that takes into account the effect of
scale on the frictional resistance. It was concluded that
the effect of rivet heads on the take-off performance of a
relatively high-powered float scaplane is of little conse-
quence but that it may be of greater importance in the case
of more moderately powered flying boats.

INTRODUCTION

The resistance of a metal seaplane float or hull on
the water and in the air is undoudbtedly increased by rivet
heads and other small excrescences on its surface. In
order to justify the increased cost of flush riveting, it
is desirable to know the improvement in performance to be
expected from the elimination of the projecting heads.
Tests of small models in the wind tunnel and towing tank
to determine the extent of this improvement have, in gen-
eral, been considered unsatisfactory because of the d4iffi-
culty in reproducing the riveted surfaces to scale and

the uncertainties due to scale effects in evaluating the
results.

The increase in the friction coefficient of the sur-



face of a hull in contact with the water
testing smooth and riveted plates in tha .
full-size rivet heads are used and the plates are tawed
at the actual speods attained in practice, the errors due
to scale effect are eliminated. The results, however, -
are only generally indicative of the improvement to be
gained by flush riveting because only a part of the re-.
sistance during take-off is frictional and the rivet pat-
tern and flow conditions vary over the float or hull, . A
more quantitative investigation must therefore by made by
tests of actual hull forms that are large enough to mini~
mize difficulties due to scale.

The speed of the towing carriage of the N.A,.C,A. tank
permits, tests over the entire speed range of a float model
so large that a fairly accurate reproduction of the rivet-
ed surfaces becomes practical. At the request of the
reau of Aeronautics, Navy Department, the riv
plate laps, and keel plate found on the floaf
seaplane were simulated to scale on a 1/3 5 full»
and tested to. determlne the avgmentation in.mo
ance. This paper presents the results of the
gether with an analysis of the effect of the sur
ness on the take-off performance of the full-size

DESCRIPTION OF MODEL

The basic model used was that described in reference
1, This model wag built up of laminated mahogany and .
smoothly finished with gray enamel, In order to simulate
the riveted plated surface, a rivet and plating plan simi-
lar to that of the full-size float was laid out on the
model bottom. Roundhead brass escutcheon pins having a.
head diameter of approximately 0.075 inch and a height o
0.025 inch were used as rivets. These corraspond to 1
inch roundhead rivets on the full-gize float, f

On the forebody were fitted two plate laps made
0.0l2-inch brass, tapered forward and faired into t}
with pattern makers' wax, a keel made up of two 0.30-in
wide hull plates and a center bar of 0.08-inch by 0.034~
inech brass, Both keel plate and chine rivets were s
at 0.16-inch pitch, single rows on the forward port
the forebody and double rows on the after portlon.'
the keel and the chines there were four rows of stringer
rivets each ‘side, pitched 0.39 inch. Transversely there




‘were seven rows of stiffener rivets, single rows at 0,18«
inch pitch, and the two plate laps, double rows at 0.18-
inch pitch,

The afterbody was fitted with a single keel plate of
0.012-inch brass, total width 0.60 inch. The rivets in it
and at the chines were at 0O,16-inch pitch, partially single
row. Boetween keel and chines therc were four single rows
of stringer rivets each side, pitched at 0.42 inch. There
are also six rows of stiffener rivets at 0.19-~inch pitch,
Altogether in both forebody and afterbody therewere about
7,500 rivets. Pictures of the riveting are given in figure
4,

TEST APPARATUS AND PROCEDURE

The N.A.C.A, tank and its equipment are described in
reference 3. In the present tests, the towing gear de-
scribed in reference 2 was used. The data were obtained
over a wide range of loadings by the "general® method in
which simultaneous values of resistance, trimming moment,
and draft are recorded for various combinations of the in-
dependent variables, speed, load, and trim,

The general data for the smooth model had already been
obtained in a previous test (soe referecnce 1). The rough
model was tested first with the rivets, laps, and keel
plate on the forebody alone, and then on both forebody and
afterbody in order to obtain the effect of roughness of the
afterbody.

During a later test of the rough model to determine
the effect of additional small excrescences, the wetted
lengths of the forebody and afterbody at the keel and chine
were read by means of the numbered stripes shown in figure
1, It was assumed that these wetted lengths were the same
within the limits of errors in observation for the smooth
model and the rough model without these additional excres-

- c8nces,

RESULTS AND DISCUSSION
Model Data

The resistance and trimming moment obtained from the
tests with rivets on the forebody alone, on the forebody



and afterbody, and the same data for the smooth model, re-
produced from reference 1, are plotted in figures 2 to 7.
The resistance includes the small air drag of the model
which is assumed to be unaffected by the changes in bottom
roughness. The moments are referred to a point 5.32 inches
forward of the step and 14.14 inches above the deck on the
model, corresponding to the design center of gravity of the
02U seaplane. Moments that tend to raise the bow of the
float are considered positive, _

The percentage augmentation in resistance at a glven
trim caused by the presence of the rivet heads, etc., is
from 10,5 to 12 percent at the hump speed and from 12 to -
14 percent at 45 feet per second. This augmentation re-
sults, of course, in & decrease in maximum positive trim-
ming moment and a general shift of the moment curves in a
negative direction,

For 7° trim and below, the augmentatlon in resistance
caused by rivets on the afterbody is negligibdle and a
single mean curve for each load is sufficient for both the
condition with rivets and the condition without rivets, o
At higher trims, this augmentation becomes appreciadble at
the hump speed and gquite large at high speeds, Apparently
rivets on the afterbody would have little or no effect on
water resistance during most of the take-off dut might
have some effect if high trims are used noar the. get—away
speed, as in a "pull-up.! -

The observed wetted lengths at keel and chine are
plotted against speed in figures 8 to 13, These wetted
lengths are the distances from the intersection of the
forebody kecel and chiae with the water to the main step
and that of the afterbody keel and chine to the second step.
Where the wetted area of the forebody is triangular in
shape and lies wholly inside the chine, the wetted lengths
of the forebody chine are considered negative and represent
the intersection of the water with the chlne extended aft
of the main step. :

The wetted lengths of the afterbody become zero at
speeds slightly above the hump speed, where the afterbody
is clear of the water, At 99 trim,; however, the afterbody
is again wetted at higher speeds by spray from the main
step but the wetted lengths are indeterminate and are not
plotted, This wetting, nevertheless, contributed addition-
al frictional resistance as shown by the effect of rivets
on the afterbody at high speeds in figure 5.



Pull-Size Performance

In order to find the effect of the riveted surfaces
on the take-off performance of a full-size float, the
results of the model tests were used in take-off calcula-
tions for a typical single-float seaplane having the fol-
lowing characteristics:

Gross load, 1b. 4,000
Wing area, sq. ft, 346
Span, upper and lower
wing, ft. 36
Angle of wing setting, ,
deg., 2
Horsepower 450 at 2,100 r,p.m,

Propeller 2 blade, 9 ft, 4 in, diameter.
- 180 blade setting at 0.75 R

Lift and drag curves from tests in the full-scale tunnel

of an airplane having similar characteristics wers used to
determine the load on the water and the air drag at various
speeds throughout the take-off run. The drag curve for the
seaplane excluding the float but including the float struts
and the tip floats was assumed to be the same as that for
the airplane with wheels and landing gear as tested in the
wind tunnel. (The air drag of the float is included in the
water resistance.) The curves were modified for ground ef-
fect by the method in referenco 4. The thrust for full
power and three-fourths power at several speeds was calcu-
lated from the data of reference 5,

The full-size resistance of the smooth and riveted
floats was first calculated from the model data by the
usual assumption that the model and full-size forces zre
related according to Froude's law, i.e.,, at corresponding
speeds, the resistance varies as the cube of the linear di-
mensions, The detailed procedure when general test data
are available is given in reference 6. In this case, the
floats were assumed to be free-to-trim at low speeds, at
best trim from 55 to €6 feet per second and pulled up to
take-off from 86 to about 97 feet per second. There was
assumed to be no wind,.



The above procedure does not properly take into ac-
count the variation in friction coefficient with Reynolds
Number in going from model to full size and therefore
might be misleading in estimating the effect of surface
roughness. If it be assumed that the addition of rivets.
plate laps, etc., does not influence wave-making, i.e,,
that the pressure distribution outside of the boundary
layer romains essentially the same, the resulting augmen-
tation in resistance is frictional in natdare, Hence, it
is desirable to attempt a scparation of. frictional and
wave-making resistance for a more accurate extrapolation
of the model results. Although this is usually dons for
surface vessels, it is not generally attempted for sea-
planes becausg of the difficulties in estimating the cone-
tinually changing wetted surface and speeds over the bot-
tom during an actual take-off., The procedure followed in
the present calculations is therefore descrlbed in detail.

Utlllzing the trim and load schedule previously de-
"termined for the smooth model in extrapolating to full
size according to Froude's law, corresponding values of
wetted lengths were interpolated from the wetted length
curves, figures 8 to 13, and plotted against speed.. (See.
fig. 14,) 'The product of the mean of 4he -chine and keel
wetted lengths as given by these curves times the mean
bottom girth of the portion of bottom included by these
‘lengths timss a fore-and-aft curvature correction factor,
which varied from 1.1015 to 1,0000, was taken as the ef-
fective bottom wetted surface, This srea was accordingly
plotted against speed in figure 14, To this areéa was add-
-ed a curve of the approximate area of the wetted sides .-
estimated from observation. This wetting of. the sides oc-
curred only at low speeds, and the area was small s com-
pared with the wetted area of the bottom. s : ) K

The sum of the mean forebody and afterbody wetted
lengths was taken as the effective wetted length, except
~when the wetted surface was aprroximately triangular in
outline, when the sum.of the lengths taken through the
center of gravity of the area of the wetted surface was .
- used. This procedure assumes: that during planing, the bound-
ary-layer condition that applies just at the step does not
change appreciably in the distance of the jump from the
step to the afterbody surface, This assumption, while un-
questionably open to doubt, is probably not a long way
from the truth, Furthermore, whatever error may be in-
volved is believed to be of little consequence, the after-
body becoming completely dry at about one-half take-off



speed, Too, in this range, friction coefficient changes
fairly slowly with Reynolds Number.

Then, the mean effective spceds of advaﬁce in the
planing range were computed according to the formula

J/r_ . | 2z W

v, = /¥ - (A)
2. ° w A cosl

where V is speed of model (or hull), f.p.s.

te . }
W, 1load on model (or hull), 1b,
w, specific weight of water, 1b, per cu, ft,

A, %bottom wetted surface projected on base plane,
sq, ft, '

I', trim, deg.

This is simply a form of Bernoulli's equation and states
that there must be a reduction in velocity head equivalent
to the static head necessary to carry the load.

Below the hump, V was assumed to equal V and

a 0°
between this region and the full planing region a smooth
transition curve was drawn, (See fig. 14.) With the mean
effective speeds of advance and effective wetted lengths
so evaluated and the kinematic viscosity of the test water
known, the corresponding Roynolds Numbors were calculated.
From these Reynolds Numbers, friction coefficients wore ob-
tained using the curve of figure 15, This curve is essen-
tially Schoenherr's mean line as given in reference 7 down
to a Reynolds Number of about 10° and a mean of Schoenherr's
smooth plane results, ag given in the same paper, below
that Reynolds Number. It is believed to represent the most
dependable information available on friction coefficients
for smooth surfaces, and to apply reasonably well to smooth
gurfaced models and hulls, especially in the fully turbulent
regime above a Reynolds Number of about 108,

Once the friction coefficients are obtained the compu~
tation is guite similar to that usually performed in ship



work, The frictional resistance of the model is estimated
and is subtracted from the total water resistance. Curves
showing the frictional and total resistance ¢f the modsl
are given in figure 16, The residuary resistance is then
converted to full size according to Froude's law. The
full-size wetted surfaces are obtained by multiplying the
figures for the model by the sgquare of the scale, and full-
size Reynolds Numbers by multiplying the values for the
model by the 3/2 power of the scale and dividing by the
ratio of the kinematic . viscosities. Priction coefficients
for the full size are thon obtained from figure 15, Schoen-
herr's curve, and the full-size frictional resistance is
computed for each speed, This resistance, added to the re-
sidvary resistance, makes up the total water resistance.
The computations are performed in tabular form, an example
of which is given.

For Model
Temperature of water, 73° ¥,
Kinematic viscosity, 0,00001054 f£t.? /sec.
A = 3,5

A2 = 1,87
/2

A = 12.24
A® =42.8
ltem Source Yalue
Vv, f£.p.s. , . 34,0
Vaor fepuse ‘BEquation A. 33.0
v’ ' 1090.0
Wetted length, in. Figure 14, , 10,6
Reynolds Number 2,73 x 10°
Ce Figure 15, .0036¢

Tetted surface, o 3 o
sq. ft. Figure 14,144 »923



Rfriction’ 1b. - 3.6
Rtotal: 1b. From model results 10.6
Rresiduary’ 1b. 7.0
Corresponding Values for Full Sigze
Temperature of water, 70° F. (assumed)
Kinematic viscosity, 0.00001087 ft.%/sec,
Item Source Value
63,8
V, fep.s. Viode1 X 1.87
2
v, - 3807
0.00001084 .. ., 7
Roynolds quber R'N‘modelxs’54xo,00001087 1,74 X 10
Cf Figure 15. . 00265
Wetted surface, W.eS.pmoder X 12.24 11.31
sq.ft.
Rrosiduary: 1P Rresiduary(mOdel) X 42.8 300

For the model with projecting rivet hecads no such
direct method of separation was found to be possible., 1In
this case, the surface may be e¢nnsidered neither as a
smooth surface nor as a true rough surface, In a true
rough surface there is a continuous irregularity, With
such a surface, if the irregularities are of sufficicnt
magnitude to penetrate considerably the laminar sub-bound-
ary layer ne#t the surface, the surface resistance will
be essentially due to mass effects and the friction coef-
ficient for any given length-roughness ratio will be es-
sentially constant, i.e., Froude's law will hold in en-
tirety, (See roferencoes 8 and 9.) However, the riveted
surface represents a compromise between this condition
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and that of a smooth surface, Its resistance is made wup
partly of dynamic pressure on the rivet heads and the re-
mainder of shear in the boundary layer on the surface be-
tween the rivets., Both of these effects are interrslated
and unfortunately neither theory nor experimental data
seems to be far enough advanced at this time to permit of
relative evaluation. In the hope that possibly a regular
veriation of friction coefficient with Reynolds Number at
constant roughness ratios might be deduced from the test
data, frictional resistance for the model with rivet heads
was computed for differont Reynolds Numbers at the same
wetted lengths, the identical lengths being obtained at
different loads and speeds. This computation was performed
by subtracting the corresponding residuary resistances of
the smooth model from the totals for the model with rivet
heads, the remainder being assumed to be frictional resist-
ance, The frictional resistances obtained seomed to show
no regular variation whatsoever, There remained, therefores,
nothing to do but to extrapolate the resistance of the
model with rivet heads entirely according to Froude's law,
However, it is to be emphasized that such an extrapolation
is much more nearly the true extrapolation for a riveted
model than it is for the usual smooth model because, as
previously stated, hydrodynamically the riveted model rep-
resents a compromise between a smooth surface and a rough
surface, and, for a rough surface of such magnitude,
Froude's law would hold quite rigidly.

The results of the various take~off calculations are
plotted against speed in figure 17, together with the com-
puted thrust at full power and three-fourths power. Gen-
erally, the riveted surfaces cause a small increase in
total resistance at the hump speed and a consideradle in-
crease at planing speeds, The increase in resistance act-
ing below the center of gravity causes a slight decrease
in the free-to-trim angle at low speeds, no appreciable
change in the best trim dbut causes a shift in the trimming
moment at best trim in a negative or nose-heavy direction.
The difference in the total resistance of the smooth model
obtained by the two methods of calculation is very small
at the hump speed but is as much as 8 percent at higler
speeds. The take-off performances calculated from the
thrusts available for acceleration in this figure are as
followss
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Float Time, Distance
sec. ft.

Froude's Scparation Froude's Separation

law , method law method
Smooth, full power 14.5 14.0 752 724
Riveted, full power 15.8 841
Smooth, three-fourths
power 19.4 18,3 1,019 953
Riveted, three-~fourths
power 22.8 1,228

Comparing the full power values, using the performance
of the smooth hull according to the separation method as a
standard, the riveted hull requires 13 percent more take-
off time and 16 percent longer take-off run, Using the per-
formance of the smooth hull according to Proude'ls law as a
standard, the riveted hull requires 9 percent more take-off
time and 12 percent longer take-off run, If it were possi-
ble to extrapolate the riveted model satisfactorily, the
values would probably lie between those just given, say 1l
percent more take-off time and 14 percent longer take-off
run. Now, it is to be remembered that these values are
for roundhead rivets. For the dbrazier type of head more
commonly used, lower augmentations probably on the order of
2/3 might be used. Therefore, one could reasonably con-
clude that with the uszual riveted hull of about the same
size and with comparable propeller thrust, one might ex-
pect about 7 to 8 percent more take-off time and 9 to 10
percent longer take-off run than for a smooth hull. 3But,
if we assume take-off with the same propeller bdbut at three-
fourths power, we find that the relative effect of the
roughness of the hull has been appreciably increased. At
this power, the riveted hull reguires 24 percent more take-
off time and 29 perccat mors take-off distance than the
smooth hull, comnuted according to the separation metnod,
and 17 percent more time and 20 to 21 percent more distance
than the smooth hull, according to Froude's law, About
two-thirds of a mean between these values probably repre-
sents the correct increase for brazier head rivets, Ac-
cordingly, the augmeniation in take-off time would be 14
percent and the augmentation in run would be 16 percent.
Thus, it seems that the hydrodynamic advantage of the
smooth hull may be a matter of some importance at moderate
reserve thrusts such as are typical of most flying boats.
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CONCLUSIONS

1, The percentage augmentation in the water resistance
of the model caused by the projecting rivet heads, laps,
and keel bar is fairly constant over a wide range of loads,
It varies from 10 to 12 percent at the hump speed and from
12 to 14 percent at 45 feet per second,

2. The augmentation in resistance caused by rivet
heads on the afterbody is negligible except at high speeds
and high trims,

3., The increase, caused by the excrescences with round-
head rivets, in .the total resistance of the singie-float
seaplane investigated is estimated to be less than 5 per-
cent at the hump speed dut as much as 25 percent at planing
speeds. The resulting effect on take-off performance is
small with the low wing and power loadings found in this
class of seaplane,

4, With the size of model used, (1/3,5 full eize) the
total resistance of the smooth float caleulated by Froude'ls
law was found to be 2 percent higher at the hump speed and
8 percent higher at planing specds than that calculated by
taking into account the effect of scale on the frictional
resistance.

5. The prevailing practice of converting the total
water resistance by Froude's law gives a margin of safety
in practice and may boc considered as satisfactory except
where the ratio of full size to model is considerabdble. .

Langley Memorial Aeronautical lLaboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., June 4, 1936,

J. B, Parkinson,
- Assgistant Naval Architect.

J. B, Bobertson,Jr.
Junior Naval Architect.

Approved: C
Starr Truscott,
Aeronauntical Bngineer.,
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