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SCALE EFFECT OF MODEL I¥ SEAPLANE-FLOAT INVESTIGATIONS*

By W, Sottorf

According to the Froude method of testing with models,
the resistance of a full~scale craft is determined Iron
the formula

W= (we~cp £ g_vz)x3+cs:~".gv

\_________\‘,____,___/

i B 1 L5

in which the term I represents the total resistance of the
model; and term II, the frictional resistance of the model;
and term III, the frictional resistance of the full-scale
craft, The frictional resistances II and III are calculat-
ed in the evaluation of the towing tests of ship models
with the aid of the empirically determined frictional coef-
ficients ¢y and cg, Whereby it is assumed that the nature
of the flow is the seme with the model and with the full-
scale float as with the flat surfaces used for determining
the frictional coefficients, It is also assumed that the
wetted surfaces f! and F' are the same in motion as at
rest and that the local speed variations, which occur on a
ship in contrast with a flat surface of almost zero dis-
placement, arc negligibdle in their mean value ir compari-
son with the mmodel and ship speeds used in the formulas,

The great coaversion accuracy of ship-model tests,
which average about 2 per cent of the power and *1 per
cent of the propeller revolution speeds, shows that Lyl

*N"Jeber den Einfluss des Modellmassstabes bei der Unter-
suchung von Flugzeugschwimmern." 2Z.F.M., December 28,
1932, ppe. 713-=-719,
¥RW. W, total resistances of full-scale craft and of model.
P!, f', wetted surfaces of full-scale craft and of model.
Wsie Vo speeds in meters per second of full-scale craft
and of model,
ag,8m, coefficients of friction of full-scale craft and
of model.
A, scale of model,




2 N.A.C.As Technical Memorandum No, 704

such tests these simplifying assumptions in the conversion
formula are permissible.

In the conversion of the towing results of planing
water craft, i.e., seaplane floats and planing boats, the
use of the above-montioned conversion method is complicat-
ed and impossible in practice:

Because the woetted surface varies with the spced and
with the angle of trim at the same specd, so that the con-
version would have to be made separately for every test
point, for which the wetted surface would always have to
be measured;

Because the mean velocity of the water along the plan-
ing surface differs considerably from the towing speed, as
has been shown by pressure tests (reference 1), so that
tihie introduction of the towing specd into the coanversion

formula would lead to errors;

Because the determination of the frictional coeffi-
ciont’e for the model "i's unreliable, siice, Iwithiushgll imod=
el scales, the frictional coefficients occur as functions
of Reynolds Number in a region where, for the same values
of R, they may have different values, according to which
boundary-layer condition occurs as a result of the condi-
tions of approach.

I, SCALE TESTS WITE GLIDING SURFACES

For the purpose of solving all the problems involved,
an investigation was made in the H.S.V.A., (Hamburgische
Schiffbau Versuchsanstalt) with flat, rectangular planing
surfaces., These experinents represent part of a compre-
hensive program, the first results of which were reported
in)Werft—Reederei—Hafen, November 7, 1929. (See reference
Le

The investigation of a flat, rectangular planing sur-
face, which can be considered as the portion of a flat
float bottom lying in front of the step, has the advantage
that the frictional resistance can be determined directly
from the test results. Normal and tangential forces act
on the lower side of the planing surface towed through
still water, while the upper side and the lateral edges
are under constant atmospheric pressure. Here it is as-
sumed that a separation of the water has occurred at the
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edges of the surface, whereby the pure gliding condition
is defined, According to Figure 1, with the assumption
of 2 nonviscous fluid (case a), as a result of which the
tangential or frictional forces disappear, the attainable
mininum of the resistance is

W= Albane.

| In & viscouns fIuid withian additional frictional foree T
we ..ave

W =4 tan o + — I ’
cos o

if A has been experinentally found to be constant. The
horizontal component of the frictional resistance is there-
fore

Wg = Wiot - & tan «,

and the frictional rosistance in the direction of the sur-
faco is

I WR COE i

For the determination of the frictional coefficient -

o it is also necessary to measure the wetted sur-
F' "2" V-Ln“
face F!'¢ TFor this purpose a strip of glass is set into
the planing surface at one-~fourth of the width, through
which the mean length ' of the wetted surface is read
on & scale during the test,

For the determination of the mean speed vy, the lower
| spced vy = f(a), obtained from the pressure measurements
in the above-mentioned work and given in the table of test
recsults, was used,

Experimental Program

The basis was the experiment with the planing surface
A having the width b, = 03 m (0.98 ft,), here numbered
2, from the avove-mentioned work, and particularly the
test at v = 6 m/s (19.68 ft,/sec.) with 18 kg (39.68 1b,)
load, According to Froude'!'s law, we obtain for a similar
planing surface of the width by, i.e., the scale A =
bg/bl, the corresponding spesed vy =./A v, for a similar
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loads s = A2 A;. The test program for the six planing
surfaces investigated is accordingly as follows:

Surface L y -
m m/s kg

1 0,600 8.48 144,000

e 0,300 6,00 18,000

3 0.225 5S¢0 7.600

4 0,150 4,24 2+.250

5 0,100 3.46 0.660

6 O075 3,00 0,281

The planing surfaces were towed with the constant load A
at constant speed v and variable moments M, and the
resistance, angle of trim and wetted length were measured,

Apparatus

The set-up (fig. 2) is the same in principle for all
planing surfaces, except that, with the great range in the
loads from A = 281 g (0.62 1b.) for the smallest area to
A = 144 kg (317 1b.) for the maximum area, changes had to
be made in each case to correspond to the required accuracy.
The surface was suspended by two vertical wires which passed
over pulleys to the counterweights, by the mutuval shifting
of which the moment and coansequontly thc angle of trim
could be changed, The forward end of the planing surface
was attached to a wire which led to the dynamometer, The
dynamometer spring was calibrated by means of a wire ex-
tending aft from the same point, whereby allowances were
made for all the influences resulting from any slight dis-
placement out of line of the planing surface during the
test. For the sake of greater accuracy in measuring the
small forces of surfaces 5 and 6, the dynamometer was dis-
connected and the measurement was made as a pendulum meas-
urement with the aid of a very weak spring., The planing
surfaces lay behind a windshield, so that the results were
not affected by the relative wind.

Results

In Figure 3 the nondimensional value ¢ = W/A is plot-
ted against o for all the surfaces tested. It is obvious
at once that all the test points can be counnected, with
very little scattering, by curves in which the planing num-
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ber € - grows more unfaverablo, the smaller tho scale sgo~

i ~koectod. It is ospocially notoworthy that tho transition,
p from tho condition in which the lateral cdgoes are not yet
i froe from tho wator to tho pure planing condition, occurs

at a so much groeater angle of attack the gmaller the scale
is, as is shown by the plotted limiting curve., This es~

¢ tablishes a lack of pinmilarity in the form of flow at too

{ snall scales, Figure 4 shows, in the curves I, II, and

p ITi, the region of Reynolds Fumbers in whiclii the frictione
4 al coefficients cy may differ considerably from one an—~
other, according to whether the developing boundary layer

‘has a laminar or turbulent character, or is turbulent with
laminar approach,

"Results of Tests with Planing Surfaces

Test Bt 5 7{‘3/ % }\\ 5
0. - B2 P ST : 3

Surface 1: b = 0,6 m;j A= 144 kg, v = 8,48 m/s

| deg. min. : .
46 2,318  0,1408 { 1,480 {84956 %X 109} G, 00279
8 1.816 | 60,3408 | 1,393 | Z2.6% "% 10" [0 0liney
%4 1733 |'0.,1410 | 1,184 | 6,88 x 10% [ 0,00PE06
34 1.766 | 6,1403 | 1.122 | 6.6 X 10° | 0,00280
5 | 1,380 ] 0.,1410 | 1,000 | 5448 %10% |'0.60285
52 1,167 | 0,1438 - = -

o Ut TN
Gy U O

Surface 2; b = 0,3 m;j A = 18 kg; v = 6 m/s

]
deg. nin. !

e
S 36 | 4,670 | 0,1845 | 2,660 | 6,41 x 10° '{ 0,00327
8 3 47| 3,050 | 0,1600 | 2,146 | 4,22 X 10° | 0,00338
I 58 | .2,918 { 0,1566 | 2.060 | 3,98 x 10° | 0,00333
L1074 T 10} 2.700 | 0.1687 | 2.015 | &.,68:X 10° [ 0,00348,
Tig & 15 | 2.600.[ 0,1540 | 1,840 | 3.56 X 10°% | 0.00339
12 | 4 26 | 2.395 | 0.1508 | 1,760 | 3.26 X 108 | 0,00343
13 5 8 | 1,935 0.,1442 | 1.171 [ 2.63 x 10€ | 0.00317
14 5 12 | 1.885 | 0,1470 | 1,416 | 2,545%x 108 | 0,00338
15 5 31 | 1.71% 1 0,1480 | 1.308 | 2,28 X 10° [ 0.00232
v 18" o[- B ... 40. {. L4684 | 0,1460 | 1,215 1 2,186 % 10°% |'0.00339
17 6 53 | 1,060 | 0.1605 { 0,836 j1.41"x 10° |.0,00331 .
18 7 1,000 1 00,1606 | 0,766 | 1.818x :10% [ 8,00834
19 7 54 | 0,783 | 0.15695 | 0,570 | 1,000 10€ | 0,00331
20 8 58 | 0,608 | 041695 | 0,450 | - -
21 9 B4 | 0.544 | 041760 | 0,405 5 -

*See foobnote, page 8.
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Resultas of Testg with Planing Surfaces (cont'd)

Test gl ¢ b *
Mo ¥ Sy = g 1
3 | Rl 2N T
Surface 3; b = 0,225 m} A = 7.6 kg % = B.2 m/s
deg, min, | ;
22 | 3 27 | 3,450 ! 0.av10 ! 2,313 | 3,07 x 10% | 0,00355
23 4 2.850 i@.lsaz 1,995 | 3452 X 10° | 0,003562
24 4 57 | 2+030 | D1BR0 | 1,855 | Lo.762X 18° | 0,00868
25 5 37 | 14560 | 0,1486 | 1,090 i 1,360X 10° | 0,00372
28 5 41 | 1,118 | 0,2520".0,828 }J g55x 10% | 0,00374
262 | & 40 | 1.110 | 0,1530 | 0.828 ; 0.965X 10° 1 (,00374
‘ 8% rougnened
26D | B 38 | 1.135 | 0,1530 | 0.B28 - | 0.00420
: i 16% roughened
26¢ 6 38 | 1,145 { 0.1583 ! 0,828 | 0,00541
: i 32% roughened
27 7 48 | 0,822 | 0.15613 | 0,580 'o 690% 1061 0,00371
Surface 43 Db = 0,15 m; A = 2.25 ¥g8; v = 4,34 m/s
2B iy 2 59 | 3.500 | 0.2000 | 2.380 | =~ %
29 4 19 | 2,467 | 0.17807 10917 | 158 X108 | O00AES
30 4 43 | 2,053 | 0,1645 | 1.534 | 9.86 x 10% | 0,00452
31, 5 30 {'1.,698 | 0,1523 | 1,288 | 8,10 X 10° | 0,00445
32 6 12 | 1.850 | 0,1578 ; 0,993 | 6,87 X 10° | 0.00427
33 8 0,787 | 0.1862 ! 0,504 | 3.57 X 10% | 0.00411
Surface B5; b = 0,1 m; A = 0,650 kg; v = 3.48 m/s
34 2 53 3,900 | 0,2820 ] 2.135 } - -
35 4 25 | 2.600 | 0,2258 { 1,755 | 6,83 X 10° | 0,00634
36 5 4 | 2.150 | 0,2000( 1,565 | 5.9 X 108 | 0,00584
37. 5 29 | 1,820 0,1880 1} 1,255 E4.71 X 108 | 0,00675
38 5 B6 | 1.500 | 0,1788 ! 0,982 ! 3,97 X 10% '@ 0,00574
39 v 8 | 1,000 | 0,1726| 0,640 | 2.51 X 10% ! 0.00572
40 8 0,750 | 0,1803 | C.444 | 1,85 X 10% | 0,00651
Surface 65 b = 0,075 m; A = 0,281 kgy v = 3 m/s
"5 I 59 | 3,860 | 0,5220 | 2,800 | 6,68 x 10° | 0.00758
‘42 3 42 | 3,200 0. 2825 | 2,156 | 5.42 X 10® | 0,00757
43 | 4 50 | 2,200 | 0.2360 1,450 | 3,823 X 10%° | 0,00760
44 6 1.5%5 1 G.2l10 1°O4Oi 2456 X 10° | 0,00806
45 7 9 | »,000! 0.1850| 0,480 | 1,76 % 10%.l 0.00875
45 8 6 | 0,868} 0,1911 ! 0.432'| 1,46 x 108 | 0.00718
a7 9 38 1:0,667 0.2100 0.383! 1,08 X 1068| 0,00873
*The reference point for the moments is the trailing edge

of the gliding surface.
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Mean velocity on lower side of planing surface
Vn = V = Vn
a 20 g (g 8o 100
S8 11 B "0.4 Yis: 5.5, T o TNEEES

If we introduce into this diagram the friction coef-
ficients determined from the tests

cf = _._.__p.__......ﬁ_.-
in which Vo 14
R = Wgot -~ A tan @ and R = e

we find that the values corresponding to a single olaning
surface are approximately constant and become greater, the
smaller the value of the mean Reynolds Number, In judging
the scattering about the given mean value, it must be taken
into consideration that all the scattering is due to the
frictional resistance used in the formula, so that it seems
to be by so much the greater, the greater the deduction Wg =
A tan o from the total resistance is,. lise.; at: greater an-
gles., Moreover, the wetted length 1' occurs as an experi-
mental value, and a slight error in recading it may assunme
considerable importance for the smallest wetted lengths,

In appraising this, it can be asserted that a conjec-
ture voiced in certain quarters has not been Dborne out,
This was that measurements made in this range of Reynolds
Numbers might lead to incorrect results, because, immune
to external influence, different conditions of the bound-
ary layer might appear, according to whether a test run
were made in perfectly still water or in slightly rough wa-
ter, (Reference 2.) Since the individual test runs were
made partly in perfectly still water (at thec beginning of
the runs and after waits) and partly in rough water, the
good "lie" of the experimental points shows clearly that,
for the time being, there existed only a single stable form
of boundary layer. In order to. determine whether the fric-
tion coefficients, wihich lie below the curve for the turbu-
lent boundary layer, would £fall on this curve, if the lead-
ing edge of the wetted area were smootler, the following
successive tests were made on surface 3 for comparison with
run 26, In this run the surface had a wetted length of 250
mm (9.84 in.)., The surface was first roughened over a belt
of 20 mm (0,79 in.) in width, i.e., from 230 to 250 mnm
(9505.50 9484 ine) in its length: then over.a:belt £40.mm
(lab7rinidedn. width, from.810. .0 260.mu 48.8% to, 9484 dny )
in its length; and lastly over a belt 80 mm (3,15 in.) in
width, from 170 to 250 mm (6.7 to 9,84 in,) in ite length,
The results were as follows:
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The first 8 per cent roughening caused no increase
in the resistance; the second 16 per cent roughening
caused an increase of about 12.3 per cent; and the third
32 per cent roughening, an iucrease of 31 per cent, This
shows that a slight roughening caused no change in the
condition of the boundary layer and taat only extensive
roughening of the surface caused an increase in the coef-
ficients,

he coefficients of different surfaces differ from
one another for the same Reynolds Number, which is attribdb-
utable to the fact that the load aand the angle of trim of
the surfaces and hence the pressure increment affecting
the boundary layer are dissimilar at the leading edge.

In Figure 5 the surface coefficient F'/b2 and the
moment coefficient M/Ab are plotted against o. For
both coefficients no systematic deviation from a mean curve
can be established, so that it can be said that in the in-
vestigated region there is similarity of the wetted areas,
similarity of the moments at the same angle of trim, and
consequently consistent similarity of pressure distribusion,.

II. SCALE TESTS WITH FLOATS

In the above-described series of tests the investiga-
tion was limited to a single point of the pure planing
condition. It did not include the region of the maximum
resistance of a float, which is of special importance in
the investigation of the float system, It is also neces-
sary to explain the influence of the part of the float
behind the step, which during the larger part of the start-
ing run is in the spray and therefore considerably increas-
es the frietional resistance,

For this purpose the scale experiments with floats,
which were begun by the D.V.L. (Deutsche Versuchsanstalt
fur Luftfahrt) in the H.S.V.A. in 1929, were completed by
the H.S.V.A. according to a new experimental program ar=
ranged with a view to reducing the cost of the experiments.

These experiments began with & towing test of a sin-
gle full-scale float of the type H.S. 1 H with G = 3 the
gross weight = 1,200 pounds, which was made in the towing
tank with freedom to trim and with the weight on the water
reduced as the square of the speed up to the maXimum speed
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of 9.5 mfs (31.2 ft./sec.). The applied 1iftiwas

E = G(v?/vg2), in which vg = taite-off speed = 23,33 m/s
(76,54 £t,/sec.). ©No dependence of the applied 1ift on
the angle of attack was introduced, since it was not nec-
essary in a study of scale effect. The position of the
Cefe With respect to height aund length was determined, as
likewise the point of applicatioan of the pull. The re-
sistance and angle of trim were measured ani also, at oue
speed, the extent of the spray in a defiunite plane at
right angles to the float, As further scales, A = 3, 6,
9, and 12 were chosen,

The tests were made with all of the model floats un-
der like experimental conditions on the basis of the Froude
model law., This series of tests showed the sffect of tihe
scalc on the rosistance, angle of trim and spray formation
at the same moment of trim,

Two or three test curves were plotted ia the region
of the maximum resistance, either by bringing the models
to the same angle of trim as the full-scale float by vary-
ing the moment, or by establishing the dependence of the
resistance and moment on the =ngle of trim by towing with
two other constant locations of the c«f., so that the cor-
responding values for the angle of trim of tiie full-scale
float could be determined by interpolation.

As a result of this series of eXperiments we obtain
the scale effect on resistance and moment at the same an-
gle of trim, i.e., the real scale effect from changing
the frictional coefficients, if it can be assumed thet,
at the same angle of trim, the planing surfaces under
pressure and also the additional areas of thie stern wet
by the spray are similar,

Set-Up

0n the full-scale float there was mounted & strong

channel section which had to absord all the forces. To a
cross arm were attached lines leading to the dynamometer
and to counterweights simulating the wing lift., On the U
ralil ran a sliding weight of 100 kg (220 1b,), by means of
which it was possible to shift the ce.ge of thae float. The
float was weighted with ballast bags, which were placed
inside for stability. The full-scale float and the models
were all trimmed alike, as all had the c.ge¢ in the same
relative position with respect to the height and length,
The tests were made with the wmodels as with the planing
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surfaces, but with apparatus adapted to the forces to be
measured,

Results

In Figures 6 and 7 the resistance and angle of trim
of the full-scale float are plotted against v. With the
original location of the c.gs the tests could be carried
only to v = 8.75 m/s (28,7 ft./sec.), since the angle of
trim became too large beyond this point. A second test
was therefore made with an additional nose-heavy monent,
at which even the maximum was fully included and could be
perfectly measured..

In the diagrams, moreover, the curves for the resist-
ance and angle of trim of the individual models are plot-
ted with W =w A%, The comparison of the results shows
that, with the same momeant, tae maximum resistance given
by the expression W =w A2 is too high by

3.56% for A= 3, 10.6% for A = 9,
6% %o o Gy 21.6% " A= A2

The angles of trim of the models at the maximum are some-
what more than 1° lower than the =2ngle of trim of the
full-scale float, The maximums eXperience a slight dis-
placement toward higher speeds for smaller scales. This
corresponds to the opinion that the relatively greater
viscosity of the water with the small model causes the
separation of the water to take place somewhat later,

In Figure 7, moreover, the resistances are plotted
for equal angles of trim, starting with the angle of trim
of the full-scale float. We obtain a resistance increment
of
3, 17% for A 9,

8.5% for A =
6, 266 " A = 12,

10,5% " A

it

In Figure 8 the percentage of increase in the resist-
ance is plotted against Ny - The vaelue N =.38. at a =
constant falls completely off the curve, since the resist-
ance changed greatly with «, because of a change in the
angle of trim which was unimportant in itself.

Before reaching the maximum resistance, the agreement
is practically perfect so long as the float has not reached
the planing stage. A regular shift of the resistance and
angle~of-trim curve first begins wita the traansition from
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the floating to the planing stage. In the planing stage
beyond the maximum the tests show that for the same moment

th

(o
te

e angle of trim increases as smaller models are used
therwise than in the results of the planing-surface
sts, which exhibited no definite tendency), the shift

over tine whole range being nearly constant. The mean an-
gular dgfference between two of the chosen scales was
about 1°. If we extrapolate with this value on the angle-

of
lo

—~trim curve for the full-scale float, we obtain the fol-
wing approximate changes in the angle of trim,

Scale Angle-of-trim increment

in the planing state

A =8 £

A= 6 £9

A= 9 39

A =12 40

The resistance increment is also approximately constant

fo

r all scales over the planing range investigated, so

that the percentage increment increases as the speed is

in
of

creased, Especially noticeable is the great increase
the resistance in the transition from A =9 to A = 12,

The influence of the increased resistance on the experimen-

ta
ti

ex

IE

lly deternined take-off time, without correction for fric-
on varies according to the maganitude of the available
cess propeller thrust, The take-off time is

G 1 *
t = = —=— AV
:] §oF

the resistance curve of the full-scale float is extrap-

olated from the experimentally determined towing curves,
the percentage increase in the take-—off time would amount
to
K—S:}\,:G =S )\,:12
il ot g B ]

20% maximum excess thrust b - B48 | 10.9; 26 146
40f " " | Hg0 - |7 ole 8] o 54
*G = gross weight,

S = propeller tarust,

W = total resistance of water and air,

vy = take-off speed.
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Scale Effect on Formation of Spray

In Figure 9 the contours of the spray are plotted, as
measured on the full-scale float and on the individuval
models converted to full scale. The measurements were made
on the full-scale float for v = 8,75 m/s (28.7 Tt./sec.)
in the transverse plane 0,5 m (1,84:£t5) In £ront of “Lthe
step and on the models at the corresponding speeds and at
the proportional distances in front of the gtep. The nax-
imum variation in the angle of trim was Q" s

In evaluating the test it must be borne in mind that
there is no sharp transition from the area covered by the
spray to the area that is free from the spray. During a
test thaerefore the measuring pointers are set as unifornmly
as possible at the upper contour of the main body of the
sSpray e

The measurements plainly show that the relative
height of the spray decreases as the size of the model is
reduced, which can be explained, with constant surface
tension, by the formation of relatively larger drops. All
float appendages in the lateral spray, such as auxiliary
floats, the wheels of amphibians, the sponsons of flying
boats, etc., are therefore too favorably measured when th
scale of the model is too suall.s The same statement ap-
plies to twin floats, if they strongly spray each other,
Figures 10 and 11 are comparative photographs of the mod-
els at A =3 and M = 12, respectively.

Choice of the Scale

If conclusions are to be drawn from these data regard-
ing the choice of the scale, it should first be noted that
thhe scale effect varies as a frictional effect with the
size of the wetted surfaces and that, e.g., the size of
the wetted surfaces depends considerably oan the botton an-
gle, so that these results can serve only as a basis for
limiting tho scale. (Reference 3.)

The first requisite is that the nature of the flow
shall be similar for the model and for the full-scale
float, It was found that, with planing surfaces 5 and 6,
even at medium angles of trim, the water still adhered to
the lateral surfaces, although with wider surfaces tae
pure planing phase had already begun,
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1f ep = ——, the nondimensional load coefficient

which equals 0,109 for all gliding surfaces, then the same
load coefficient for the float is reached at v = 12,81

m/s (42,03 ft./sec.), since ”g'%“E? s WHeN. W= BB
b= L y®
3
m/s and E = ¢ Y= = 862 kg (798 1b.). Here the float also
Vi

is in the pure planing phase., If we assume a planing sur-
face of the width of the float, 0.957 m (3.14 ft.), as
full-scale, for which the load would be 586 kg (1,292 1b.)
at v = 10,7 m/s (35.1 ft./esc.),.  then surface 5 corre-
sponds to A = 9,57 and surface 6 to A = 12,75, The
planing-surface tests show therefore that even below

AE 9 the form of flow is partially dissimilar, The es-
pecially great increase in resistance in the float tests
between A = 9 and 12 confirms this conclusion. In order
to determine whether this is also the case with a greater
load, esgs, for the load G - E = 948 kg (2,090 1b.,) cor-
responding to the full-scale float at 10,7 m/s (35,1 ft,/

~

secs), & check test was made with the planing surface 6
“\
with a similar load fgugg%L = 044585 kg (I 2b:) @&nd bore
responding speed, for the purpose of observing the flow,
In this test it was found tlhat also up to high angles, the
water adhered completely to the lateral surfaces. It is
particularly noticeable that no real spray is formed as
with the other surfaces, but next to the planing surface
only waves with smooth surfaces wiose elevation above the
water level is naturally lower than the top of the spray
of a full-scale float, Thus the result of the spray meas-
urement of the full-scale float is confirmed,

After it has been shown that no conversion taking ac-
count of frictional resistances can be made, a second re-
quirement is made that the scale should be such that, even
disregarding the scale effect, results will be obtained
which will differ from the true values only within a con-
version accuracy common in model tests. The float tests
show that, with a scale A = 4, +the maximun resistance
is exceeded by less than 5 per cent, the angle of trim at
the maXimum and in the planing condition differs by about
10, and the take-off time is too high by 4 to 5 per cent
at 20 to 40 per cent excess thrust, TFor this scale, the
formation of the spray is practically the same as for the
full-scale float, so that all appendages are wet sdmilianter
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AN = 4 can therefore be regarded as the proper scale for
testing floats of this size. In testing larger objects,
like flying boats, it is to be considered, in choosing the
scale, that, with the enlargement of the planing surfaces,
no further great change occurs in the frictional coeffi-
cients, as shown by Figures 3 and 4, If, with respect to
the load, the single float of G/2 = 1,200 kg (2,646 1b,)
be regarded as the model of a flying boat of (e.g.) 9,600
kg (21,164 1b.,) gross weight, an enlargement factor

3

K'::V/ %%%% = 2 is obtained, 1.e., the model of the fly-
ing boat at the scale A =" @0 28 el saian appProxX—
imately the same accuracy of conversion as the float model
at the scale A = 4, A somewhat larger scale, about A = 6
is preferable even here, provided the experimental appara-
tus permits the testing of models of this size., The new
towing tank of the H.S.V.A. is equipped for testing such
large float models (Werft-Reederei-Hafen, 1931, No. 11).

Discussion

e e T

ing to theoretical considerations, a spray must be thrown
forward by the planing surface and that the friction of
this spray on the part of the bottom exposed to it might
e as great as the friction on the rest of the bottom,

W. Sottorf replied that the spray as described by Wag-
ner, did not form on the forward surface, and that only
with a medium V-shaped bottom was an adhering spray thrown
off laterally toward the front.

portion of the resistance is contained in the energy of
the spray and that its failure to appear in the test was
perhaps due to the atomization of the spray, The spray
corresponds (in the language of the wing theory) to the
loss of suction of the planing surface as compared with
the wing.

G. Weinblum had calculated the Sottorf tests and had
found that the wave resistance calculated according to the
center~of-pressure theory (Hogner integral) agreed with
the resistance measured in the tests up to about 75 per
cent, He thought that the essential part of the resist-
ance was given by the center-of-pressure theory.
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H., Wagner called attention to the fact that the cen-
ter~of-pressure theory assumed an infinitely sma2ll angle
of trim, In uneven pressure reduvctions at the margin of
the planing surface, however, the angle of trim becomes
finite, and spray is formed. This mathematically deter-
mined phenomenon is not included in the center-of-pressure
theory and therefore yields the correct planing resist-
ance only in the few cases where, corresponding to the
shape of the plate, the pressure distribution is uniform
at the leading edge,

G. Weinblum was of the opinion that the center-of-
pressure theory gave the approximately correct resistance,
even for uneven pressure distridution,

E. Wagner stated that, as regards his calculation,
the unevenness of the pressure at the leading edge assumed
the character of a force concentrated along the edge and
that, therefore, the center-of-pressure method, as regards
the resistance, does not lead directly to correct results,
He stated that, among other things, he had discussed the
resistance of planing surfaces in an article soon to be
published (Z.f.a.M.M,,.Auvgust, 1932), In the limiting
case of high speed or negligible acceleration due to grav-
ity, it was found that twice the resistance of a planing
surface is equal to the resistance of a similarly shaped
wing minus the suction force at the leading edge of the
wing., The increase in the resistance from the subtraction
of the suction force corresponds to the enerzy of the
spray., FYor a smooth planing surface of infinite span the
resistance is therefore equal to the liftinzg force times
the angle of trim of the planing surface. In this limit-
ing case, however, the center-of-pressure theory yields
zero resistance,

Translation by Dwight M. Miner,
National Advisory Conmmittee
for Aeronautics
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Figure 10- A =3, a=6°, v=5.5m/s (18.04 £t./sec.)
corresponding to V= 9.5 m/s (31.17 £t./sec.)

Figure 11-A=12, a=6°, v=2.75 n/s (9.02 £t./sec.)
corresponding to V= 9.5 m/s (31.17 ft./sec.)



