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OF OUTBOARD FLOATS (N.A.c.A.. MODELS 51-A, 

51-B, 51-C, AND 51-D) 

By John R. Damson and Edwin P. Hartman 

SUMMARY 

Four models of outboard floats (N.A.C.A. models 51-A, 
51-B, 51-C, and 51-D) were tested in the N.A.C.A. tank to 
determine their hydrodynamic characteristics and in the 
20-foot wind tunnel to determine their aerodynamic drag.. 
The results of the tests, together mith comparisons of 
them, are presented in the form of charts. From the com- 
parisons, the order of merit of the models is estimated 
for each factor considered. 

The best compromise between the various factors seems 
to be given'by model 51-D. T3is model is the only one in 
the series with a transverse step. 

INTRODUCTION 

The conventi,onal single -float or single-hull seaplane 
is not inherently stable about its longitudinal axis when 
operating on the mater at low speeds or tvhen at rest, and 
an external means for maintaining lateral stability on the 
water must be provided. The usual method of obtaining the 
required lateral stability is the use of stub-ruing stabi- 
lizers, or side floats. Side floats are usually of two L hypes, inboard and outbdard, according to their position 
relative to the main hull or float. 

! 
In practice, there is 

a more specific difference between the tno types of side i ; 
float because it is custcmary to place outboard floats SO 

.--.- ~ 
that they are clear of the mater when the main float of 
tho seaplane is on an even kcol; whereas inboard floats 
usually are set so that, when the seaplane is at rest, 
both inboard floats have a small amount of displacement 
and tend to maintain the craft on an even keel. 
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The actual method to be' used for providing lateral 
stability on the water mill be selected by the designer to 
suit his conditions. Sometimes the choice is the result 
of a detailed design study and, in ,order to make such a 
study , data on both side floats and stub-wing stabilizers 
are definitely needed. Numerous requests from manufactor- 
ers and from the Bureau of Aeronautics, Navy Department, 
have caused the N.A.C.A. to institute a research program 
in which it is intended to include both tank and wind- 
tunnel tests on inboard floats, outboard floats, and stub- 
wing stabilizers. 

This paper presents the results abtained from tests 
conducted in the N.A.C.A. tank and the 20-foot wind tunnel 
at Langley Field, Va., 
(N.A.c.A. 

of four models of outboard floats 
models 51-A, 51-B, 51-C, and 51-D>. The tests 

mere made in March and Apr,il 1936. 

MODELS 

Three of the models selected for testing were made 
from lines furnished by the Bureau of Aeronautics, Navy 
Department. The lines of the fourth model were prepared 
at the N.A.C.A. tank, 
times used in Europe. 

but the model resembles a type some- 
The lines of the models are shown 

in figures 1 to 4 and the offsets are g;iven in tables I to 
IV. 

Model 51-A is a model of the outboard float of the 
Navy,PH-1 flying boat. This float has fairly simple lines, 
the dead rise is moderate,, an,d the stern is pointed in plan 
form; 

Model 51-B is a model of the outboard float of the 
Navy 03U-3 single-float seaplane. Apparently, this float 
was particularly designed to have low air drag 3s both the 
bow and the deck are rounded. It ig similar to model 51-A 
in plan form but has greater dead rise. 

Model 51-C was designed at the N.A.C.A. tank. It has 
both rounded bow and deck but tapers in profile instead of 
in plan form so that the center of volume is rather far 
forward. Because of its wide stern and low dead rise, 
this model has an excellent planing surface. 

Model 61-D is a model of the Bureau of Aeronautics 
Mark XI float and 'is the only one of the floats tested that 
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has a step. The use of the step permits a large planing 
area in combination with.a potnted stern and results in a 
comparatively shallow float. . 

The models were of approximately the same volume, 
which was chosen to permit testing the models with loads 
corresponding to the submerged displacements. The use of- 
larger models would have required alterations in the ex- 
isting testing apparatus jn order to measure the large re- 
sistances, and extensive equipment mould have been neces- 
sary to prevent the Sal%-mater s.pray'thromn up by the mod- 
els from reaching.all parts of the apparatus and the tow- 
ing carriage. 

The models were made of wood, sanded, painted, and 
rubbed in the usual manner. 

APPARATUS A?TD FRCCEDURE 

Tank Tests 

The N.A.C.A. tank and ,its carriage are described in 
reference 1. The towing gear used in these tests is de- 
scribed in reference 2. 

The method folloTried in t'es.ting the models was simi- .- 
lar to the "general test" method in that resistance, draft, 
and trimming moment were measured at selected constant 
speeds, loads, and trims. In the present tests, however, 
the loads were selected to cover a range between zero and 
a load equal to the submerged displacement of the model 
at rest, except in the'case of lam trims at certain speeds 
tvhere the spray thrown by the model was so great that it 
prohibited testing at the higher loads. The range of 
trims nas made great enough to include the practicable 
range of trims for seaplanes plus the practicable range of 
outboard-float settings. 

. 

All tests mere made with the models on an even keel. 
If the outboard floats are rigged so that mhen they touch. 
the mater they are heeled slightly inboard, then the range 
of angles of heel for the outboard float-s till be so small 
that the data for zero angle of heel should be substantial- 
ly correct. . 

1 
Static data were obtained for the models by applying 

c: 
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the same loads that nere used in 'the tests,undor way and 
measuring the draft and trimmfng moment., 'Thes,e data vere 
obtained for a number of trims. : 

IVind-Tunnel'Tests 

The aerodynamic tests df models 51-A, 51-B, 51-C, and 
51-D were made in the N.A.C.A. 20-foot mind tunnel de- 
scribed in reference 3.. Measurements of air drag mere 
made at speeds ranging from 55 to 104 miles per hour, and 
the range of pitch angles covered was approximately -15O 
to 150 measured from the tangent to the after sortion of 
the keel line or, in the case of model 51-D, from tLe keel 
line at ,the'step. 

The floats vere mounted inverted on a short vertical 
strut in the center of the air stream. The vertical strut 
was attached to a shielded horizontal supporting bar that 
was rotata'ble to provide changes in the angle of pitch. 
About 6 inches of the thin vertical supporting strut was 
exposed to the air stream giving a tare drag of about 
three-fourths pound at LOO miles per hour. The supports 
and shielding mere of metal and were connected ,in an elec- 
trical circuit in such a rvay that any fouling betmecn the 
active strut and the shielding Tvould be detected by the 
lighting of an electric lamp. Figure 5 shows model 51-A 
mounted in the tunnel. 

A horizontal buoyancy correction was made to the drag 
to compensate for the static-pressure gradient along the 
center line of the jet. This correction eras small, amount- 
ing to only one-tenth pound at 100 miles per hour 

Tank Tests 

The expertmental results are presented in nondimen- 
sional form by the use of coefficients similar to those 
used at the R.A.C.A. tank for data from tests of models o'f 
seaplane hulls, Inasmuch as the basis for the selection 
of the size of an outboara float is normally the tctal 
volume of the float, the coefficfonts used in tho prosont 
tests are Sased on the cube root of the volume asthe char- 
acteristic linear dimension instead of the beam (the char- 
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acteristic dimension used for seaplane bulls). In order 
*to distinguish betmocn the present coefficients and those 
based on the beam; the letter K mill be used instead of 
the Letter C. 

The coefficients use& in the present tests are defined 
as follons.: 

Speed coefficient, v KV = --- 
,Q l/S u1/6 

L0na coefficient, 
A A 

KA=.rvU=n _ ' S 
. 

Resistance coefficient, KK = B B 
v = G' 

Center-of--pressure coefficient, Keep. = 
c.p. 
9 

Draft 

rhere v 

g, 

u, 

A, 

WY 

A S' 

B, 

d, 

C-P*, 

coefficient; Kd 
a 

= G-i-75 

is the speed, f.p.s. -1. . 

,the acceleration- of gravity, ftb/ses.' 

the volume of the float, CU- ft. 

the i0aa on the float, lb. 

t'ae specific weight of,water, lb./cu.,ft. 
(63.5 lb./cu.ft. for these tests). 

the submerged displacement of the float, lb. 

the seater resistance, 1l1. (including the air 
drag of the,float). 

the draft, ft. (measured to the lonest point 
of the float). 

distance to the center of pressure, ft., de- 
fined as the distance (measured along the 
tangent to the keel at the stern) from the 
stern to the intersection of the resultant 
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force vector I-Jith the tangent to the keel 
at the stern, oxcopt 5n the case of a 
float vzith 'a step. If tho float has a 
step, the tangent to the keel is taken on 
the forebody at the step and the distance 
to the center of pressure.is measured from 
the step instead of the stern. :* 

The reference line for trim is'tho,tangent to the keel 
at the stern except in the case of a float with a step, in 
which case the reference line for trim is the tangent to 
the forebody keel at the step. 

The results from the static tests are given in fig- 
ures 6 to 9, in which the center-of-pressure coefficient 
and the draft c.oefficient are plotted against load coeffi- 
cient with trim as parameter. 

The data obtained from tests mith the models under 
may (i.e., resistance, center-of-preasure,'and draft coef- 
ficients) mere plotted against speed coefficient rrith load 
coefficient and trim as parameters. Because of their 
bulk, these plots of original data have been omittod from 
the present report. Typical data are given in the compar- 
isons shown in figures 10 to 19. These figures will be 
discussed later. 

Find-Tunnel Tests ' 

The coefficient form used in presenting the final 
data is defined as follolvs: 

CD = drag D -----_-- or ------ 

(vol)2'3 g (PO1 F3 

where is the dynamic Bressure and (vol) 213 . 

area eqzal to the volume 09 the float raised to ti," :73 
power. As was the case for the hydrodynamic coefficients, 
it appeared desirable to use volume as a factor in the co- 
efficient form since displacement is such a fundanental 
factor in float design. 

The corrected values of drag were platted against dy- 
namic pressure but, to reduce fLe bulk of the report, are 
not included herein. Drag coefficients were computed for 
values of drag picked from the curves at a dynamic pressure 

c 

4 
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corresponding to an air speed uf about 80 miles per hour 
and were plotted against pitch angle as shown in figure 
20. This figure provides a comparison of the drag'of t>o 
four floats at pitch angles measured from the ke,el lines. 

Prom purely aerodynamic considerations, figure 21 
gives a truer picture of the relative cleanness of the 
four floats than does figure 20. In figure-21, the drag 
coefficients for each model'havo been plotted against a 
pitch angle measured from the position of the float in 
which its drag is a minimum'. 

From both hydrodynamic and aerodynamic considerations, 
the coqarison made in-figure 20 is perhaps the more prac- 
tical because the keel line of a float is more likely to 
have some reference to:its setting relative to the wing 
than its flow line for minimum drag. 

DISCUSSIOlT 

Comparisons 

c Basis of conparisons.- --m--s- fp'le function of outboard floats 
is to provide righting moments whenever the seaplane heels, 
mhether it is at rest, under may, or drifting. It might 
then be considered logical to determine which float nil1 
give the greatest maximum righting moment under these v&r- 
ious conditions. All outboard floats considered for a 
given design, however, mill give the same maximum righting 
moment at rest because present methods of design use this 
righting moment as the, criterion for the volume of the, 

-float.. Vhen a seaplane is under may or drifting, compari- 
sons of the nax,imum righting moments available are of lit- 
tle value because of the lack of information on the right- 
ing moments required for these two conditions. 

-Other factors that should affect the design of an 
outboard float will, however, be considered as a Sasis for 
comparisons between the. four models tested. Except in the 
case of air drag, the comparisons mill be made at equal 
loads for all the floats. This method corresponds to equal 
righting moments for the seaplane since righting moment is 
a function of the load on the outboard flbat. 

^- 

Another independent variable that mill be held con- 
stant for purposes of comparison is trim (or angle of pitch), 
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It is admitted that the rofercnce line chosen for trimvvas 
determined primarily from geometrical considerations, but 
no better reference has been suggested by the results from 
the tests. The trim for minimum resistance has only minor 
significance and varies too much to be convenient, the an- 
gle of Ditch for minimum air drag is too low to marrant 
consideration, and draft does not consistently show a mini- 
mum vihen plotted against trim. 

Angle of heel of soa-&.ans.- For a given righting mo- I--------------_.. 
ment, a minimum angle of heel of the seaplane mould be 
desirable. Draft is the criterion for angle of heel of 
the seanlane because the angle of heel is a direct function 
of the draft of the outboard float. 

Draft coefficient for the four models at rest at 5' 
trim is plotted against load coefficient in figur.e 10. 
The curves of this figure indicate that greater angles of 
heel mill be reached by a seaplane at rest if model 51-A 
or 51-B is used than if either model 51-G or 51-D is used 
except at the maximum righting moment (or KA = 1.0) where 
the curve for model 51-C closely anproaches the curves for 
models 51-A and 51-B. Model 51-D is the best in this re- 
spect except at small loads. These static curves are pure- 
ly a function of the volume distribution of the floats and, 
if a small angle of heel of the seaplane is desired when 
the 'craft i.s at rest, the depth of the float should be kept 
,rolatively small. 

The draft coefficients, with the models under may, 
are compared in figures 11 to 13 in which draft coefficient 
is plotted against load coefficient for three speed coef- 
ficients, a representative trim being -chosen for each speed 
coefficient. In these figures, model 51-C is shown to have 
the, least draft, models 51-D, 51dA, and 51-B having pro- 
grossively great.er drafts. 

A,furthor comparison of the drafts of the four models 
is made in figure 14, which was obtained in the folloming 
;nanner. The volume required for outboard floats for' the 
hypothetical 8;000-pound flying boat of reference.4 was 
determined on the assunntion that .the outboard floats wore 
Flaced 21 feet from the center line-of the main hull. The 
angle of outboard-float setting with respect to the base 
line of the main hull mas assumed to be 4'. The trim curve 
for the outboard floats was obtained with sufficient accu- 
racy by adding the angle of float setting to the trims 
taken by the main hull during take-off (fig. 74, reference 
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4). A load coefficient of 0.6 (468 pounds) ras assuned to 
be applied to one outboard float throughout the take-off 
range and the draft curve for each of the four models test- 
ed was determined from the test data. Pigure 14 rapre- 
sonts, in effect, the draft that mould be reached by the 
do-m outboard float if the seaplane mere 'taken off nith a 
rolling noneat of 9,800 pound-feet acting contfnuously 
without any righting noncnt other than that supplied by 
the outboard float. 

In figure 15, the drafts fron the.curves of figure 14 
have been converted to angle of heel for the seaplane. 
These curves of angle of heel have been corrected for the 
change in draft of the main hull, the drafts for the nafn 

.-- 

hull being determined from figures 21 to 26 of reference 
4. Throughout nearly the eatfre take-off range, model 

'51-C alloms the least angle of heel; modols 51-D, 51-A, 
aud 51-B allow progressively greater angles of heel. This 
order is the same as that obtained in the conparisons of 
draft coefficients in figures 11 to 13. The order of ner- 
it of the models in this respect is the order that might 
be expected from consideration of the bottoms of the mod- 
els. Idoftel 51-C undoubtedly has the most effective Plan- 
ing bottom and model 51-D the next best; modal 51-A is 
slightly su-perior to sodol 51-B because. of a snaller angle 
of dead rise, 

There have beon cases in which outboard floats wore. 
unintentionally designed so that, when completely sub- 

merged rrhile making headway, they resisted efforts to 
enorgo them. Such cases are usually rectified by a ro- 
design of the deck of the floats. Although attempts mere 
made to produce this "sticking" at low speeds with each 
of the models, no indication of sticking was obtained. It 
was not practicable to submerge them at very high speeds, 
however, on account of the excessive spray produced. 

An important consideration in selecting cutboard 
floats is the performance when the seaplane is drifting 
astern. It is necessary that the, outboard floats maintain 
positive righting moment ir this condition as well as any 
other. Because the conditions obtaining when the soaFlane 
is drifting astern with any considerable speed usually in- 
clude fairly rough water, it is dffficult to approximato 
such conditions in the N.A.C.A. tank with the equipnent 
available at present. It is, however, possible to rate the 
models in this respect with reasonable accuracy by consid- 
eration of their forms. Model. 51-43 with the afterbody tend- 
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ing to give dynamic lift when going astern should be the 
best in this respect, Models 51-A and 51-B with their 
sharp sterns should have little tendency to "dig in" when 
making stornmny a/nd can be rated about equal. Hodel 51-C 
might be entirely unsatisfactory when making sternmay be- 
cause, under this condition, the Hydrodynamic forces on 
the fioat rrill probably tend to produce an upsetting mo; 
ment tending to counteract the righting moment produced 
by the buoyancy of the float. 

ImDact loads.4 --- Loads on the sfructure of the seaplane' 
caused by impact of the outboard floats with the mater nil1 
naturally be an inverse function of the rate of immersion 
of outboard floats. The float that allows the least angle 
of heel of the seaDlane will then cause the greatest loads, 
i.e., model 51-B ~111 cause the least load on the struc- 
ture, models 51-A, 51-D', and 51-C causing progressively 
greater loads. Were it not for the energy required to ac- 
celerate the surrounding water when an outboard float is 
rapidly immersed, curves similar to figures '11 to 13 could 
be used in the manner of variabledsgring constants to fin'd 
the loads imposed on the structure when angular accelera- 
tions about the longitudinal axis of the seaplane are en- 
countered. The error in neglecting the acceleration of 
the mater is, however, on the unsafe side and the degree 
of approximation is uncertain. 

SETQ l - The spray thro-ivn by the outboard floats is an 
important though elusive .factor that must be considered in 
design. Unfortunat'ely it is impracticable to attempt to 
furnish data from which the designer mny determine rhen 
and mhere the spray from the outboard floats will str2ke 
the rest of the seaplane. The nork required to establish 
the boundaries of the spray for the conditio.ns that might 
be determining is excessive. Furthermore, the manner in 
which the spray behaves is not only a function of the shape 
of the float but also depends on the location of the pro- 
pellers. 

Definite differences in the amount of spray thrown by 
the models were observed In tho tests and the models havo 
been rated accordingly. Model 51-C was tho cleanest run- 
ning model, models 51-D; 51-A, 
ively more spray. 

and 51-B throwing progress- 
The difference betmeen amounts of spray 

from models 51-D and 51-A was quite large, but less differ- 
ence mas noted between models 51-C and 51-D or betmoen mod- 
els 51-A and 51-B. c It is difficult to show the actual dif- ' 
ferences clearly by means of photographs, partly because of 

. 

d 
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the lack of depth perception; typical photographs taken 
during the tests are shown in figure 22. 

It will be noted that the rat.ing of the nod,els in 
regard to spray parallels the rating in regard to draft, 
the model with the least draft throwing &he least spray. 

Yarire: moment of sea-olane.- m--..- .-- 'Klen an outboard float 
touches the water while the seaplane is'.under way, a ya"r-' 
ing moment, which is a linear function of the water re- 
sistance of the outboard float, is developed. Yawing mo- 
ments are generally undesirable during take-off but, when 
the seaslane is maneuvering on the water, the yawing mo- 
ment furnished by the outboard floats is a distinct aid 
in that it allows.short-radius turns at low speeds during 
which the air rudder is.relatively ineffective. Tor the 
purposes of this c'omparison, however, the yawing moment 
due to the outboard floats mill be considered undesirable. 

The resistances of the four models are compared in . 
figures 16 to 18 where resistance coefficient is plotted 
against. load coefficient for selected trims and 'speed co- 
efficients corrosgonding to those chosen for comparisons 
of drafts (figs. 11 to 15). A further comparison of re- 
sistances is shown in figure 19 where resistance and yaw- 
ing mo:aent are plotted against speed for the same hypo- 
thetical conditions assurued in the comparisons of angle 
of heel ,(fig. 15). A study of figures 16 to. 19 shows 
that, although model 51-C conaistcntly has the leas'% re- 
sistance, the resistances of the other models do not main- 
tain an,v' consistent order, B more consistent order c'duld 
probably be obtained if the models were compared on the 
basis of mini-mm resistance but the outboard floats will, 
in general, run at a trim somcprhat higher thar that re- 
quire-i for minimum resistance: 

S:'.zolizity of struct-:re.- Zt is.diffic-lit to estab- 
lish 2; order of rnzrt in rzard to the ease with which 
the floats,can be constructed because variations .in plant 
facilities and methods of the designer will influence this 
factor. Judging salely from the'lines of the models, it 
appears that model 51-A would be the most easily construct- 
ed; models 51-B and 51-C should be about equal in this re- 
spect; model 51-D would almost certainly involve the most 
difficu1ty.i.n construction. 

Air drag.- An examination of the float lines shoyn in 
figures 1 to 4 would.lead.one to expect that model 51-B 
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would have the lowest Irag. It is therefore somewhat sur- 
prising to note in'figure 20 that, through the most im- 
portant part of the pitch-angle range (positive angles), 
model 51-D has a lower drag coefficient than model 51-3. 
This situation is due to the fact that the keel reference' 
lines, from which both trim and pitch angles were measured, 
made different angles Fvfth the direction of the air flow 
at minimum drag. If tile pitch of each float is assumed 
to be OO,when in the attitude of minimum drag, the plotted 
curves of CD against pitch angle ,assume a more logical 
relation, as $hown,in figure 21.: The choice of the refer- 
ence line from.which ailgles are measured is thus seen to 
have an important effect on such a comparison, 

There see&n to be no generally accepted rules in hydro- 
dynainic design regarding tho angular sotting of outboard 
floats relative to the wing, It is clear, however, from 
the appearance of the drag curves in figure 20, that, from 
aerodynamic considerations, the angle of pitch setting 
relative to the wing should be mad,e as low as possible, 

In figures 1 to 4, showing the profiles of the four 
models, an arrow has been drawn on each profile to repre- 
sent the direction of the wind relative to the model when 
the model is in the attitude of miniaus drag. The line 
of action of the relative wind at minimum drag is such as 
to minimize the bad effects of the various fcaturss of.the 
de si.gn. It therefore reveals, to some extent, the features 
of the design that have, the greatest effect on the air 
drag,. On model 51-B (.fi.g. 2) the line lies roughly paral- ' 
lel to the chine, indicating that the chine probably has 
a predo:qinating effect on the drag of the float. In case 
of float 51-A (fig.. 1) the line. is directed batwoon the 
chine and the deck line at an angle suggesting that the: 
sharr, deck line has more affect on the drag than the chine. 

?n float 51-D (fig. 4), the line of action.runs rough- 
ly parallel to the chine, indicating the predominating ef- 
fect of the chine. Tne step apparently has little influ- 
ence on the drag of tjne float because the direction,of the 
flow is not such as. to reduce the turbulence behind the 
step. 

Float 51-C (fig, 3) has about the same slope of chine 
as float 51-D but, owing to its wide Seaver-tail shape, 
'has a considerably higher drag at positive angles of at- 
tack. Tie direction of the line of action for float 51-C 
indicates a tendency to reduce the turbulence caused by 
the wide alter portion of the float. 

l 
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&.m,nary of comparisons.- The results of the foregoing 
comparisons are summarized in the following table, which 
gives the order of merit for each model on the basis of 
each factor considered.. It should be noted that.the rat- 
ings given are based'on goneral considerations and in any 
particular design the ordor might be somewhat changed. 
The weighting of the factors will vary considerably accord- 
ing to,the type of design and to ths opinions of the de- 
signer. 

-- 

Xodel. 

Angle of heel: 

At rest 

Making headway 

Making sternwag 

Impact loads 

Spray 

Yarning moment 

51-A 51-B 

3 

'4 

2 

1 

4 

2 

2 

2 

. Structure1 siqlicity 

Air drag 

a 3 

1 2 

1 1 2 

2 f 3 

3 I 1 
I 

, 

. Use of Tank Data 

The aerodynamic data indicate tilat tile lonest angle of 
setting for the outboard floats which will give satisfac- 
tory performance on the water is desirable. The data from 
the:tank.tosts, however, do not suggest a criterion for the 
mini.mum permissible float setting. Prom the information 
available, the current practice appears to be to set the 
keel line of the outboard floats approximtely parallel to 
the chord line of the wing or at an angle of from 2O to 6' 
with respect to the main hull or float. The data regarding 
spray and angle of heel indicate that model 51-C can be set 
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at ,the lowest angle,, models 51-D, 51-A, and 51-B, requir- 
ing progressively greater an'gles of float setting. . Appar- 
ently, observation of the behavior of the outboard floats 
on the completed seaplane is the best method of detormin- 
ing the minfmum satisfactory angle of float setting. 

The data are insufficient to permit the determination 
of design loads for the supports of the outboard floats. 
The maximum load obtainable from the water resistance of 
the float would occur when the float is completely sub- 
aerged at the highest speed at which the seaplane is on 
the pJater but the resistance under such conditions would 
be so large-that it would be entirely uneconomical to at- 
tempt. to design ,for it. SupForts for side floats are cus- 
tomarily designed so that the supports will fail before 
the main structure of the sing is damaged. Because of the 
large load-carrying capacity of the outboard floats at 
high speeds, complete submergence of the floats in this 
region should be rare. In view of these considerations, 
tests wfth outboard-float models submerged at speods cor- 
responding to full-size take-off speeds appear to be un- 
warranted. 

Pleat and 'ilull Design from Aerodynamic Considerations 

The use of airship-form bodies for hulls and floats 
has, for hydrodynamic reasons, been found impracticable. 
Chines and steps seem to be necessary parts of such bodies 
in spite of their bad aerodynamic effects. It should be 
pointed out, however, that floats and hulls are often de- 
signed in such a manner that the bad affects of the chines 
are unnecessarily great. 

It has been shown in reference 5 that the minimum 
drag of a strea,mline body with square cross sections, such 
as the one in figure 23(b), is but little greater than the 
drag of a streamline body of circular cross sections (fig. 
23(a)) having an equal cross-sectional area. The slightly 
greater drag of the square body was attributed to skin 
friction as the,square body had a larger surface area. The 
form drags of the two were apparently very nearly the same 
despite the sharp corners of the square body. The air as 
it meets the nose of the square-section body fs forced to 
accelerate uniformly along all four sides so there is no 
tend.ency for flow across the sharp corners. The air flow 
forms a symmetrical pattern about the corner lines and they 
do not affect the form drag except at angles of pitch and 
yaw other than zero. 
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For comparison, consider the air flow about a boat- 
shaped body (fig. 23(c)), which' is streamlined in one view 
but rectangular in the other. Here the air is forced to 
accelerate in only two directions and's pressure gradient 
is forded tending to cause the air to flow; across the 
sharp edges, thus producing turbulence and added drag. A 
quantitative indication of the extent of the bad effect .of 
sharp corners ,&cross which pressure gradients are operat- 
ing is given fn reference 6. In thSs reference dre given 
the drag coefficients for a.fIying- boat hull with a sharp- 
edge flat deck and for the same hull after the deck cor- 
ners had been given a generous radius of curvature.. The 
drag coefficient for the hull with the sharp deck corners 
was about 40 cercent greater than the coefficient for the 
hull with rounded deck corners. 

t 

The evidence seems fairly conclusive that, in float 
and hull design, an atteqt should be made to eliminate 
adverse pressure gradients tending to cause flow across 
chines. This measure is especially important in the born 
sections wRhere the air should be caused to accelerate sym- 
metrically with respect to any sharp line. Since such a 
condition can be obtained for only one pitch angle, all 
unnecessary sharp corners should be eliminated. 

Cross-chine flow can be minimized by reducing the an- 
gular setting of the float relative to the wing or by.de- 
signing the float with a low natural inclination of the 
chines relative.to the longi.tudinal axis. The problem is 
complicated by the fact that these t.wo factors are inter- 
related anil also by the fact that no generally accepted 
rules exist which determine,the proper setting of the float. 
Both of these methods of reducing cross-chine flow must be 
subordinated to seaworthiness requirements. The second 
method, designing the float with a low natural inclination 
of the chines, is exemplified in the design of float 51-D 
and its effectiveness is shown in fig-ure 20. Moderately 
Inclined chfnes, well-rounded deck lines, a broad beam, a 
step, and a pointed, elevated afterbody seem to be the 
best compromise of a good float design from both aerody- 
namic and hydrodynamic considerations. 
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CONCLWSIO.NS 

1. Consideration of the factors that should affect 
the design of outboard floats indicates that: 

(a) Any design must be a successfon of compromises 
between the most desirable features. 

(b) Tank tests of a very large number o,f models of 
outboard floats do not appear to be warranted 
as tests of a r.elat5vely small number of fun- 
damental types should. indicate trends with suf- 
ficient .accuracg. 

(c) The application of tank data is limited by the 
: .lack of,,data as to design requirements for the 

,cond.itions .encountered when the seaplane is 
'under .may. 

2. The,tank data from the present tests indicate 
that: 

(a) For minimum spray from tho ,float or angle of heel 
of the seaplane, the planing surface of the 

. f1oa.t should have a wide stern and a low dead 
rise. 

(71) .The IncLusion of a step, or other equivalent dis- 
continuity, with a properly formed afterbody 
allows. the use of a wido planing Lsurface mith-: 
out sacri.fic?ng performance in the drifting 
condition. 

(c) The greatest structural loads will be obtained 
from the float with the. most effective planing 
surface, 

3. The wind-tunnel data from the present tests in- 
di.cate .that: 

(a) The float that may be set with its chines most 
nearly in line with the direction of flight in 
cruisin,g is likely to be the best float from 
considerations of air drag. 

(b) All chines or other sharp intersections in the 

, 
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cross section should be avoided except where 
they are definitely necessary for hydrodynamic 
reasons. 

(c) In order to obtain low air drag, it is desirable 
that the angle of float setting be as small as 
practicable. 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., October 18, 1938. 
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l!ABLEI 

Offsets for 1T.A.C.A. Model 51-A Outboard l?Yloat (Inches) 

Station nunbor 

Distance from P. ? 

Distance 
from base 
line 

Half- 
breadths 

Keel 

Crown (St. line) 

ChiIle 

Deck line 

Deck and chine 

E 

f C 

: 

I 
! 

2 3 4‘5 

9.00 13.50 ig.00 22.50 

s.51 9.70 10.36 id.72 
- 

.64 .96 1.28 1.59 

6.21 g.07 9.19 9.85 

2.01 2.39 s.65 2.79 

$99 5.22 4.99 4.36 

6 7 A. P. 

17.00 31.50 36.00 

.o.s6 lo.sy 10.~0 

1.91 2.23 2.55 

.0.20 10.52 lo.90 

2.86 2.65 2+55 

3.41 2.11 .OO 



TABLE11 

I 
. 

Offsets for H.A.C.A. Model 51-B Outboard Float (Inches) 

I 
Station number F.p. l/4 l/2 1 2 3 4 5 6 7 8 A,$. 

Distance from F.P. 0.00 1.00 2.00 4.00 8.00 l2,OO 16.00 20.00 24.00 28.00 32.00 36.OU - - - 
Crown 3.28 1.17 .& .09. .03 .25 .75 1.42 2.26 3.22 4.22 5.22' 

Distance 
frsm baee Keel 3.26 5.81 6.76 8.06 9.66 10.69 11.32 11.75 12.12 E.45 12.75 13.a 
line 

Chine 3.28 3.43 3.81 4.78 6.4e 7.73 E.69 9.40 10.11 10.E7 Il.@0 12.97 

Chine half-breadths 
and crown rndiu .OO 2.27 3.14 4.14 5.05 5.30 5.17 4.60 4.19 3.31 1.97 .I2 



, . 

!c.ULE III 

Offsets for N.A.C.A. Model 51-C Outboard Pleat (Inches) 

Station number F.P. l/4 112 1 2 

Di6tence from F.P. 0.03 l.OO(2.00 4.00 e.03 

Distaxe 
from base 
line 

Crown 
3.50 
ten, 1.60 l 94 .31 .oo 

Half-breedtha, chine 'O" tan. 2.27 3.14 4.14 5.06 

Crown redius 2.27 3.14 4.14 5.05 



TABLE IV - Offsets for LA.( :. 

E&g 6.44 

B 
2.57 

4: 5 k --.- 
Chine - 7.67 6.~7 

siae ,, 
., 17.67 16.4s 

2.97 
B 

&- . 
Chine 

6.~0 4.58 

4.%9 

6.19 5.01 

6.56 6.50 

G.73 g.91 - 
6.54 r.79 

LO5 6.k; 

7.12 

3.G4 4.cg 

.6a 
' -- 

.62 2.79 
- 

2.60 4.7.0 
- 

3.40 4.33 

. , 
. . 

. 

3.961 3.22/ 2.351 1.9a 

4.15 1 3.401 2.60 ( 2.10 
I I I 

6.441 6.37 1 6.25 1 6.13 

----+-- 
5.51 ) 5.75 1 5.82 ( 5.62 

I I I 
.74 11.~6 ( 2.79 1 

1.92IJ.ti15.6915.32 

5.3d 5*511 5.451 5.07 

5.141 5.26 I5.14( 4.70 
-t--t---t--- 
4.70 I4.g 1 4.641 4.27 

I I I 

.6P ( 1.30 12.41 

4.53 14.5~ (2.60 t 

4.46 ) 4.46 13.16 

3m59 ) 3*59 ] 2.29 

3.34 2*77 - 

5.94 5.94, 

L*!x 

6.99 

, 

=I---- 1.42 ’ 
2.17 

c 1.e6 

1.X 

.'Distance from center line (plane of symmetry) to buttock (section of hull surface made b7 a 
vertical rJlane parallel to the plane of symmetry). 

2Distance from base line to water line (section of hull surface made by a horizontal 31.~~ 
p?.rZW21 t3 base line). 
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Figure 2.0 Llnes of P.L.O.A. Model 51-B. Volume * l.aoO ou. ft. 
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4 6 8 

E&f-breadth 

7 
Direotion of air flow for mlnlmum drSg 
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. Figure 4.- Lime of I.A.Q.A. Yodel 61-D. Volume = 1.190 ou. ft. 



Pigore Ho. 6." Yodel 514 mounted in wlud tunnel. 
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Figure 6(a),- Model 51-A. Variation of 3raft and center-of- 
pressure coefficients at rest. Csnter-of- 

pressure coefficient against load coefficient. 
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Fisre 6(b).- Mole1 51-A. Variatik of draft an1 center-of- 
pressure coefficients at rest. Draft coefficient 

against load coefficient. 
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Pigure 7(a).- Model 51-B. Variation of draft and center-of-, 
pressure coefficients at rest. Center-of-pressure 

coefficient against load coefficient. 
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Figure 7(b),- Model 51-B. Variation of draft an3 center-of- 
pressxe coefficients at rest .Draft coefficient 

against load coefficient. 
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Figure 8(a).- Model 51-C. Variation of draft and center-of- 
pressure coefficisnts at rest. Center-of-pressure 

coefficient against loa coefficient. 
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Figure 8(b).- Model 51-C. Variation of baft and center-of- 
pressure coefficients at rest. Draft coefficient 

against load coefficient, 
. 
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Figure y(a).- hole1 51-D. Variation of draft aid cm&r-of-pressure 
coefficients at rest. Center-of-pressure coefficient 

against loa coefficient. 
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Fig. 9(b) 
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Figure 9(b).- bno.Iel 51-3. Variation of draft and center-of- 

pressure coefficients at rest. Draft coefficient 
against loa3. coefficient. 



. N.A.C.A. Technical Note No. G78 Fig. 10 

.8 

0 

, I I 
It I / ----i------t----t------t--~-i----it-1 

.2 .4 .6 .8 1.0 
A KA = a 
S 

Figure lO.- Comarison of draft coefficients of models of 
outboard floats at rest. Trim, 5' . 
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Figure ll.- Comparison of draft coefficients of models of out- 

board floats under way. Trim, 8O ; KV , 2 . 
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Figs. l&13 
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Figure 12.- 
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Comparison of draft coefficients of models of outboard 
floats under may. Trim, 13' : 5 , 5. 
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Figure 13.- Comparison of draft coeffi cients of models of outboard . CT floats under way. Trim, go ; +, , U, cl _- 
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Figure 17.- Comuarison of resistance coefficients of models of 
outboard floats. Trim, 13O; RV , 5, 



N.A.C.A. Technical Note No. 6'78 Fig. 18 

.25 

.2 .4 .6 .8 1.0 

n =- 
K4 A, 

Figure 18.- Comparison of resistence coefficients of models of outboard 
floats. Trim, go; KV, 8. 
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Bigure 19.- Comparison of resistance of outboard floats ana resulting yawing moment for 
8,000-pound flghg boat. KA, 0.6, A,, 780 lb. 
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Yodel sL& Yodel SLB 
T=@, KA= 1.0, q=3.66 I- ~8'. Oth=l.o, 4;-d.84 

, 

Model 31-c Model 61-D 
T = 80, K,=l.o, w4.36 T = 8” , KA-1.0, +4.38 

Mguro 2%~ Spry photographs of modolr of outboard floats. 
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-(a) Circular cross section. 

(b) Square cross secticn. 

Ri-rows show direction of air flow at bow. 

(c) Rectangular cross section. 

Spositive pressure - mgative pressure 

. 

-- 

3Qurs 23.- Streamline bodies. 


