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LAIDING OF SEAPLANES*

By Herbert Wagner

I wish to preface my report with a bdbrief resume of a theo-
retical consideration and its results.** Then I intend to de-
scribe the processes at the moment a keceled bottom strikes the
water and give the formulas and solutions, Lastly, I shall dis-
cuss the application of these results to practical problems,

Let us assume that a long prismatic body, having a keeled
bottom, moves vertically downward at an initial speed Vos 1its
mass being m per unit of length., Now (Fig, 1, top) it touches
the flat surface of the water; an instant later it is already
immersed, 3By nosing under the body imparts a downward motion to
the water, whereby it experiences an upward blow P, itself,

The water is pushed aside (See Fige. 2), and as a result its
level raises on the sides of the body. Tow, since the air pres-
sure is the same at any point of the surface, the pressure gra-
dient must be perpendicular to the surface, so that the acceler-
ation of the particles on the water level is perpendicular to
the surface, and the velocity on the surface is approximately
upward, This velocity is low at the outer edge but increases
toward the impact area. At the edge of the impact surface (Fig.
3) the water is pushed outward and upward at enormous speed, is
finally inverted from the bottom and disappears as spray to thae
sides, The pressure on the bottom is enormous at this point of
inversion and the flung-off spray corresponds to the motion en-
ergy dissipated during the impact.

The pressure distribution over the body (Fige. 1, center)
becomes apparent if we realize that the water pressure is essen-
tially the rcaction of the water against the incipient downward
motion., In the middle of the bottom the water already has a
downward speed V. Wiereas width ¢ of the impact surface in-
creascs with the time the water at the edge of the impact sur-

*1{bor die Landung von Seeflugzeugen,! Zeitschrift‘fﬁr Flugtech~
nik und HMotorluftschiffahrt, Volﬁ 22, Yo. 1, Jan. 14, 1931, pp.
1-8, Verlag von R, Oldenbourg, Munchen und Berlin,

**This treatise was originally given in the physical seminary of
the Danzig Institute of Technology (Jan., 1930), and at the In-
ternational Congress for Mechanics, at Stockholm (Aug., 1930).

A detailed description of the mathematical formulas and results
1s to appear in the Zeitschrift fur angewandte Mathematik und
Mechanik, ' ’
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face, which previously exhibited an upward velocity, is set in
downward motion; the pressure is highest at the edge of the im-
pact area, and spreads toward the middle of the bottom,

Since the body on impact experiences an upward force its
initial speed V, drops to V and with it the water previous-
ly set in motion,

" " "Although the body cmbraces an infinitely large mass, that
ig, strikes with constant speed, this slowing up of the water
calls forth a suction (or better, pressure component), which is
greater in the middle than at the outside and reduces the pres-
sure  in the middle still more. Lastly, it may happen by rela-
tively small body mass thet toward the end of the blow (Fig, 1,
bottom) this suction induced by the retardation exceeds the
overpressure in' the middle cavsed by expansion of the impact -
‘surface., In that case negative pressure prevails 1n the middle
of the bottom, while at the edge of the impact surface the high
and positive pressures predominate in their combined effect,
which retard the blow still more., : ‘ L

~ As the impact surface finally reaches the side edge bdf the

boat bottom (c = & ), it terminates the impact. In the fur-

theéer immersion of the body 1ts static 1ift which, during the ac-
‘tual impact process remained practically ineffective, makes it-

self manifest, . . s -

.. If e is the half-width of the impact 'surface, figured
from center of bottom to the point where the spray breaks away,
then dc/dt is the rate at which the brendth of the impact sur-
face expands. The most prominent mothematical guantity is vest-

ed in the speed ratio u = V/%%. This comparative value is de-
fined as follows (Fig. 4).

Let the shape of the bottom be given as y = y(x). Then
we assume the bottom at rest and the water with initially level
surface as moving upward at variable speed V. At the surface
the water particles are additionally accelerated, that is, as
already stated, perpendicular to the surface. For the moment
we infer the slope of the bottom to De (infinitely) flat, so
that the y ordinates are very (infinitely) small, Then 1t be-
comes apparent that the inclination of the surface of the water
(apart from the surface of the spray) is very (infinitely) small,
and that, in conseguence, the adduced accelerations and the ulti-
mate speeds on the surface are approximately vertically upward,

On the bottom itself the sﬁeed of the surface falls in di-

rection of the bottom; on the free surface it is vertically up-
ward., This defines the fluid motion without ambiguity; it agrees



NeAsC.A, Technical Memorandum No. 622 3

(very closely) with the fluid motion about a flat plate (Compare
Fige 4, bottom)., The speed vy on the fres surface at a stated
roint =x, 1is

IR A (1)

The rise M of the water particle at this pertinent point is

" ; it } Vit
= v = TR T T
e 7 o J1 - c®/x?

Then we introduce ¢ as new integration variable, that is,

t =t (¢) and dt = é? dc, that is,

at

c
n o=/ === (3)
. o %% J 1~ c?/x?

This is rise 7, when the widtl of the impact has attained

(2)

c <« X ; whereas ¢ increases with the time, m always becomes
greater at point =x, When the water particles finally reach
the bottom surface 71 =y and simultaneously c¢ = x, Conse-~
quently
cC=X de
y = kv (4)

c=0 VAR c2/£5

whnere u 1s the abbreviated speed ratio s from which u

2Bl

is quickly determined,

The mathematical representation of the bottom shape is by
series

Yy =B X+ By x4+ B x®+ By x*+ Bx® + s, (B)

where B constant is defined conformably to the given body
shape, Thean equation (4) yields for u

==RB, + B, c + = Re c® + 3 B c3 + 16 B’ et + ...
(6)
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u ig of the order of magnltude of the kecl angle, which means
it is small when the keel is flat,

Now we come to the spray where at its point of origination,
the slope of the water level is not small and where our previous
considerations become inapplicable as a result in the vicinity
of this point., A searching study of the flow reveals that with-
in range of large angles of slope the speed on the surface may

be translated as a constant tangential speed (Fig. 3) %% = %

and a superposed horizontal speed of like magnitude; %% is the
previously mentioned rate of expansion of the impact area, The
velocity in the spray near its origin is precisely twice as

great, that is, 2 g%, and the spray water is flung off at this
rate,.

The thickness & of the spray at its point of inception is

8 =% cu? (7)

hence, of the order of u2, that is, very small, On impact of
a flying boat this spray is several millimeters thick,

The pressure distribution in the spray is illustrated in
Figure 3, The maximun pressure is equivelent to a dynamic pres-

sure of %% velocity: nence (Compare (12) )

P Voz 1
Pnax = 5 TyiTtr o (8)

Now we introduce the abbreviatioans:

“‘ = _U“_p—gi ( g )

2n

The fluld pressure is given by

°ves 1 1 2y S u ’
P ol -0 3 — __2 35 had : l = _‘5”' ————5 ————— : (10)
S R N R 2 (% )

The pressure distribution in thls formula is applicable to
within the v101n1tv of the edge of the impact area (to within

about p = Z pmax)‘ There the distridbution conformal. to {10)

changes to that shown in Figure 3; the latter is decisive for
the extreme edge.
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The first term in (10) corresponds to the distribution ush-
ered in by the growth in impact area, The second term corre-
sponds to the retardation of the water; there are negative pres-
sures with elliptical distridbution, The third term, owing to
the square of the velocity, is small in the middle range with
respect to the other two terms (since it appears multiplied by
), and becomes nominal at the edge of the impact area where
¢ approaches X,

By integration over the immersion width we obtain'(disré—
garding infinitely small terms) the force of impact per unit
length (1 = length of impact area).

m e VO“ c
e TS, S —— 1
P/l 1+ o) u (11)
Besides, the velocity is
Vo
v = e
T | (12)

The dépfh'of immersion of the keel with respect to the original °

water level is computed at

c c
7= /v 3dae =/ ude (13)
0 de s

The results are withal applicable to calculations of the
force effect on impact of a flat-bottom hull against the crest
cf a wave (Fige. 5). In this case ¥y 1is the relative rise be-
tween bottom and undisturbed water level at the inception of
blow on impact,

EXxanmn P 1 e s

First we compare a flat keel bottom with one having twice
as much keel (Fig, 6), but of similar shape otherwise. The mass
of the boat body and the initial speed of impact are to be the
same in both cases, :

In the middle range of the boat the pressures for the sharp
keel are (very ncarly) half as high as in the flat keel bottom
(the pressure hesre is, aside from the third term in formula (10),
proportional to'l/u). But the pressure maximum at the edge of
the impact area drops to one-fourth of that for the flat keel
(the pressure here is proportional to 1/u?; compare equation
(8) )o A flat keel ig very disagreeably demonstrative on this
point, even though the range of aigh pressure is limited, The
total force of impact drops approximately to half of that of
the flat keel.

B el
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Now I would 1lilke to illustrate the process of impact on a
certain bottom for two different mass loadings. Once the sea-
plane is to take the blow over a great length of the body, so as
to make the mass per unit length of impact area small, the same
mass loading can occur when the boat settles comparatively far
forward on a limited area; then the "reduced mass" is small,

In the second case the nass loading is to be high; the boat is
to talte the blow on a comparatively small area near the step.
The speed of immersion 1s high at the beginning of the impact
(Fig, 7)s Although our bottom hag a pronounced keel in the
middle, the pressure is nevertheless relatively low, As the im-
pact progresses the retardation is so pronounced by the small
mass loading that the pressures do not become extraordinarily
high in spite of the fact that the lkeel is flat at the side of
the bottom, By great mass loading, however, the barely retarded
boat strikes with the flat keel side portlon, so the pressures
become very high,

If, as in our case, the Dottom slopes downward, a point is
reached at last where the slope of the bottom eqguals the slope
of the water. Then thed forces of impact are extraordinarily
violent (mathematically, infinitely great). This happens in our
case when the lateral edge of the bottom strikes first (¢ = § D).

Figure 8 exhibits the force of impact for several bottom
shapes with different mass loadings. The indicated pressure
scale applies to V4 = 3 m/s, time t since inception of impact,
force of impact P and speed V ' (relative to initial speed V,)
for a weight per unit length of G = 4000 kg/m;, 2G = 8000, and
G = » are plotted against width c¢ (m) of the impact area,

The shape of the central portion of the bottom is such that the
total force P remains constant during the whole impact for the
glven mass loading, A Dbottom of this ¥kind is flat in the middle
and has the shape of a parabola., The keel Iflattens out toward
the edge of the impact area. In spite of this flat slape the
force is just as high as at the beginning of the impact, because
the speed of impact is already 1ower.

Now we extend our considerations to cover five effects hith-
erto disregarded: .

1) Effect of acceleration of gravityy

2) Variation in bottom shape and, depth of immersion over
the length of impact;

3) Deviations from the plane flow Droblem (the water es-
capes to the front and back);

4) Finite size of keel angley :

5) Elasticity of hull bottoms
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1) The effect of the acceleration of gravity menifests it-
self in the static 1ift of the water displaced by the bottom,

2) A flying boat (Fig. 9) with mass M and variable bottom
shape strikes against a wave of given form and speed.

The force effect is explained by assuming plane flow in each
length element d 1, and to which the previously enumerated re-
lations are applicable, Then we define the width of the impact
area from (13) for each depth of immersion T (with respect to
the undisturbed form of the surface), and use series (6) to dem-
onstrate u at each point, Then the force becomes

Q

P = ———— fadz 7 ) (14:)

bottom in some region, we must write ¢ = b/2 and -uiﬁ o, “‘and
express W Dby . DA B

Shouldfthe;impact area have reached the side edge of the hull

o [

SR

p,:

1

so that'pressure distribution, speed, etc., are now resolvable
from the preceding formulas, . ‘

3) Hitherto the flow was presumably plane, and the escape
of the water forward and backward was disregarded, which, howev-
er, 1s permissible as long as the impact length is materially
greater (at least 1} times) thar the width of the impacte ZEven
the case of appreciably smaller impact length than width (per-
haps "smaller than 2/3 the width) can be suitably explained by
these relations, But if width and length are nearly alike the
exact force of impact end, particularly, the pressure distridbu-
tion, become difficult to define, although Pabst supplies some
pertinent data in his report on the vibration of rectangilar
plates in fluids, '

4) From other congsiderations, not discussed in this report,
it follows that the force of impact is smaller at greatér keel
‘angles than our equations reveal, The ratio of the actual force
of impact - Py to our theoretical P is approximately

Fw | : (16)

P

pafyes)
1
<
°
pi
[9;1
Alg
1
dle
—
=
gl
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Figure 10 exhibits this Py/P ratio for a bottom with keel

angle B, (rectilinear keel), and 1 %? as scale of the reduced

P

decrease in planing 1ift at start duve to keel.\alnserting the
computed value for P in (11) reveals that the force of impact

diminishes with é: %F as the keel increaces,

impact caused by this kecl. The value Pw - ig indicates the

Unfortunately, I was unable to finish my exact calculation
on the force effect of bottoms with straight keel; but I mention
the fact that, for the case of constant rate of impact, the
speed v on the free surface 1s in very simple relation to the
form of the surface., If t 1is the time elapsed since the start
of the impact, the second end point of vector vt for a point
of the surface can be obtained by drawing length s of the sur-
face from the lowest point of the bottom, figured from the end
point of the spray, parallel to the tangent {(Fig, 11). In this
manner the form of the free gsurface and the velocity fileld are
determinable, as illustrated in Figure 12, where the velocities
on the surface are shown graphically.

The effect of finite kKeel in contrast to our assumedly in-
finitely small keel may be summarized to the extent that our
equations (8) to (12) are applicable up fto 0.5 (about 30°) keecl
angles In more accurate cglculations the effect of finite keel
js determined by means of (16) if the keel angles are 10° or over,

5) In hulls with vexry flat kecl the clasticity is of great
importance, while in those with -sharp keel the effect is slight.

For the local deflection of the hull bottom between the side
members, the following holds true. If the mean curvature of the
bottom is small compared to the height - h  of the keel (Fig. 13),
the temporary mean value of force of impact P .is not changed
(or at least, negligibly) by 'the elasticity. The force of im-
pact is somewhat less at incipience of the immersion but slight-
1y greater at the termination of the emersion, which is obvious-
ly true, because a flexible flat bottom is comparable to a rigid
cambered bottom (Fig. 13).

Moreover the pressure maximum at the edge of the impact
area in an elastic bottom i¢ approximately like the.dynamic pres-
cure of a fluid with speed dc/dt = (Compare (8) ), with dc/at
as the rate of expansion of the impact area for the elastic bot-
tom, This pressure maximum likewise is lower at the beginning
of the blow but higher at the end than for a rigid bottom,
¥*In that case the value M in (11) must be raised in ratio to
P/?W, and the thus computed P . value decrsated in ratio to
Py/P.
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I would like to reiterate several statements on seaway
made last year in one of my reports.* The rate of penetration
Vo .of the hull bottom into the wave (F%g. 14) is :

Vo = v P + (v ~w) K +wy v (17)

where v = flight speed, @ = angle of inclinatlon of flight
path relative to the ailr, w = wind velocity, K = angle of at-
tack of hull bottom with respect to the horlzontal,

We = %g = wave velocity (L = wave length) and v = slope of

the wave (¥ig, 14). In a fresh breeze the wave velocity is low-
er than that of the wind (perhaps half as great), dbut approaches
it when the wind is stesdy. Thec angle of slope v of the wave
also depends on the wind ve1001uy. In a fresh breeze, when the
waves foam, it amountﬂ to about 30° :

The effect of the squnre of speed of blow on the force of
impact is shown in Table I for various wave lengths with the
height of drop H = V4 /2 proportionate to this square. 1In
conformity with it tho specific impact pressure seems to be af-

‘fected in a greater degree by the ratio of wind to wave velocity

and form of wave than by its size,

TABLE I

Height of drop H = SQ— in m

v = 30 m/s, @ = 1:20, Kk = 1:10, v = 4 X wave _height
wave length

O

o seaway H = 1,0
Seaway _ ’
Wave velocity , We = 4 6 8
Wave length . 1 =_}O §§15 a~40
Fresh brecze
(W=2 Vg; v =1:1,75) H= 1,8 2.2 2.8
(W'= 2 We; v = 1:3) H 1,25 1,4 1.55
Steady wind . : :
(W = WQ; vV = 1:5) H= 1,2 1.3 l.4
Sudden caln ' S
(W= 0; v=1:5) H= 1,4 1.6 1.9

*Herbert Wagner, "The Mechanics of Dake~0ff aﬁd Land*ng of Sea—
planes,” Schiffbtau, Vol., 30, No. 14.

T
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The total force of impact demends on the ratio of size of
seaplane and wave, 1In relatively small waves (Fig. 15) only a
small portion of the bottom hammers on the crest of the wave,
but this becomes larger as the waves become greater; then the
force of impact P 1is higher.

If the waves are small compared to the seaplane, the crest

of the wave strikes the fore-and-aft step more or less simulta-
neously; but in the reverse case the fore step touches the water
first (Fig. 15) and the seaplane bounces forward and upward,
The shock has lowered the speed of the alrcraft, making it unable
to fly in this steep position; the control surfaces are not very
effective, The subsequent blow may endanger the seaplane because
the pilot is unable to control it,

If the stern touches the large wave first the retardation
is small because of the distance of the force from the C.G, The
seaplane undergeces a forward tura and the nose of the hull bot-
tom strikes the water at greater speed and almost 51mu1taneously
with the entire forward bottom area,

‘ The processes at tale~off prior to going on the step cannot
be repeated by the given methods of calculation because of the
primary role of the static 1ift and of the marked dependence of
these forces on the time of breakaway at the step,

The planing 1ift Ay, which decides the speed at which the
boat goes on the step is for the flat keel

_ TP .2 _=2 v
Agy = 5 b7 VUK (18)
where b = width of step, v = rate of rolling, K = angle of

attack of hull bottom at step; Ag, 1s unaffected by the size
or shape of keecl, but Ag decreases for sharp keels, In thaat

case

. A .
= ZEL & i
Ay Ago Ago (approximately),

with Ag/Ago as given in (16), and shown in Figure 10 for recti-

linear keel., Whereas a keel lowers the impact pressures quite
considerably, the planing ability of the boat diminishes dut
slowly. Consequently, the best technical compromise lics in
pronounced keeling, as every practical seaplane d951gner knows
and, in particular, ahead of the fore stepn.

The planing resistance (Fig, 16) embracés the dynamic plan-~
ing resistance and the frictional resistance:
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W=Wg+R=KUA;+cp 5P v2d1"

l = length of wetted planing area. - The friction cceff101ent

cg = 0,074 R"l/s is around 0,025 for a smooth bottom, Whén we
insert this-and A according to (18), we obtain '

1oz vz (T2 L2, 1)
=5P vED <4 K + o.ozs‘Byv . (19)

The frictional resistance is about as high as the dynamiec
planing resistance. Unfortunately, the formulas do not permit
the safe calculation of the effect of a certain bottom shape on
the planing 1ift by really pronounced keel (keel angle > 30°),

" Sugfestions for the Practical Calculation of Seaplanes

If M, 1is the reduced mass of the seaplane for a definite
rosition of the force of impact, equation (11) interprets the
total force of impact as c

(L + k7

wheref' ,
b P2

2 Uy

The differentiation conformal to 1 yields the length and i
the maximum force of impact itself for the maximum value of the
blow, that 1s -

and Py, can be corrected with the aid of (16) also.

.Theffgsiéctivéhlength of impact l is

. e o ’ M . T
L . . L
S e , e o (21)

Thus each width of impact area ¢ has a maximum value of force
of impact, and+to " find the maxXimum of the maximum foFces we
write the smalleﬂt p0351blc values of we¢ in (20)

Stlll 1t remains to be seen Wnether the force of impact bf
the bottom ahead or aft of the chosen position retains the half-
length 1 according to (21), or whether this length of impact
area 1is possible, according to the wave length for which the

{
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seaplane is still to be seaworthy. Otherwise we must define ¢
from (21) for the actually existing 1 conformably to this
value u ¢ and then compute P,y according to (20) .,

If w ¢ assumes its minimum at ¢ = C, and another at
c = b/2, we obtain two meximum values of P, - one for great

length but small width of impact area, and one for small length
but great width of impact area. This simple computation ylelds
very reliable data for the static calculation of seaplanes.

, Now we illustrate the various effects on Figure 16, The
boat weighs 15 tons and has an inertia radius of 3,75 m
the calculation was made for two different step widths b =2 n
and b = 3% m. The forces in Figures 17 and 18 apply at V, = m/s
rate of impact. Figure 17 shows the forces of impact for a boat
with rectilinear keel (By = 0025, TV, = 5 m/s, G = 15 tons,
example I) with b =2m and b =3 m over the length of the
boat to the first step. The heavy curves Ppax (1 = 3 m) and
Ppax (1 = 1.5 m) apply to both step widths, The Ppypx cCurves
indicaete the highest possible forces which are apt to occur at
this point for the respective boat. Fige 18 exhibits the im-
pact forces for the plotted ridb forms (example II) for Db =2 m
(bottom) and b = 3 m (top). The Ppax curves reveal the high-
est possible impact forces at each point. The highest Ppax
(for b =23 m) occurs ncar the step for small impact length and
great impact width, contrary to the other examples; the impact
“forces for groat impact lengths predominate at the forebody of
the boat, '

Example_I.- The keel is rectilinear, its angle is By = 0425
and constant over the whole length of the forebody of the boat.
The 1 =53 m width of Figure 17 is just about the possible im-~
pact length in waves corresponding to wind velocity 4. For
1 =1,5m and | =3 m the greatest impact force is reached
before half-width ¢ of the impact area has arrived at the edge
of the narrow boat (c < 1 m), so that even the wider boal is
not subjected to greater Dblows, The impact force on the wider
boat does not exceed that on narrower boats till the impact area
hag become considerably smaller, However, it should be remember-
ed that, given equal starting characteristics, the wide boat can
presumably keel somewhat more than the small one, in which case
its impact forces are less than for the narrow boat. '

Whereas w ¢ is minimum for ¢ = O in the rectilinear
keel, the highest possible force occurs by greatest possible im-
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pact length in our chosen form of bottom.* Iven this vreétest
possible force exceeds that of the narrow boat at very few points
and then only a trifle,

The highest of all these impact forces for a boat with con-
stant keel angle 1is

with Ipngx as greatest possible length of impact area conformal
to the chosen seaway (at the highest equal to the length of the
bottom ahead of the fore-step), This force, whose magnitude is
unaffected by the width of the boat, is applied at 4 lpax

ahead of the fore-sten, The reduced mass Mpr must be computed
for this point also, This formula can equally be applied with a
mean ’BO' value to variable keel, In our example this maximum
force of impact amounted to about 85 tons, or about 5,7 times
the weight of the seaplane,

The impact forces decrease slowly forward - further forward
decrease being’ prevented by the fact that the position of the
aircraft relative to the waves does not facilitate as extended
impact lengths forward as on the step,s The stresses on the boat
can be lowered by enlarging the keel toward the bow, This effect
as well as that of other impact speeds V,; can be taken into
account by chaiging the forces 111ustrated in Figure 17 at each
point to conform ‘to the relevant /Bo (Compare (11) or (20) ).

Example_II.- The equation y = x [0,35 - 0.4 (x/bg Y] applies
to the whole length of the bottom alizad of the fo”e~gtep. The
width of the step bg 1is agaidn 2 m aand 3 =, resnectlvely. The
resulting rib forms are geometrically similar for both widths
(Fig, 18). The height of the laterai bottom edge above the keel

is respectively, 0,25 and 0,375 m, as in the preceding example,

In the small boat the greastest impact forces occur when the
width of the iwmpact avea has reached the side edge of the bottom,
They appear at impact lengths of frem 3 to 4 m, although they
are not much lower when these lengths are still smaller (Compare
the forces for 1,5 m and 3 m impact lengths in Figure 18).

A bottom of this kind is subjected to enormous forces even
in small waves, while no large forces set in until great impact
*The eccentric effect .of the impact force turns the hoat, making
immersion speed V and acceleration dV/dt variable over the
length of the impact area., I checked this effect and found that
it does not perceptibly .influence the magnitude of the maximum
impact force aside from a4 slight rearward shift of the position,
which, however, is hardly noticeable on the Pp,yx diagram,
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lengths are approached, if the keel is rectilinear, The great-
est possible force of impact 1s essentially higher on the narrow
boat than on the straight keel bottom; it corresponds to 7,1
times the weight of the aircraft, But since this force is ap-
proximately concentric with the center of gravity, the rotary
accelerations are not excessive and the stresses are comparative-
ly low,s, Tpe rapid forward decrease in force of impact is attribdb-
utable to the increase in the middle keel of the forebody.

The wide boat is subjected to decidedly lower maximum im-
pact pressures than the narrow one; it is already sufficiently
decelerated when the lateral flat portion of the boftom surface
hits,

The maximum impact pressures occur now by very short impact
lengths, a strong seaway manifests itself merely in accelerated
impact speed Vo and in a longer duration of the forces. 1In
very long waves tho Ppyx values may become slightly higher
than with very short impact lengths (Fig., 18).

In conclusion, I recapitulate the comparison of the wide
and the narrow boat. Given equal take—~off capability, a wide
boat presumably is subjected to lower impact pressures than a
- narrow one, so the first blow does not produce any exorbitant
stregses on the aircraft, but the actual bottom construction
becomes heavier because of the greater width, " Amnother vital fac-
tor is the duration of the forces on the wide boat, lasting till
they reach the lateral bottom edge, so that the total retardation
is greater for the wide than for the narrow boat., In conseguence
a wide boat is more liable to be tossed upward by the wave and
by its own forward speed than a narrow boat, which may even con-
tinue to nose under after the blow,

The speed at which the blow tosses the boat upward is
Vo - V; since its previous speed v @ was downward (Fig. 14),
the imparted upward speed predominates when V, - V> v ¢, In-
serting (See equations (12) and (17) ) the previously computed
values, we obtain as condition that the bcat be pot flung up-
ward: ' ’

. w
(1 - E} K + 2 p <
v v

E 3
so, for example:
¥ =0,3; K= 1:5; '—‘!—e-=0.2, D = 044; @ = 0,1
v v
~2 & L ___.G'_....“)( l.
© = 3.5 " 1000 1
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Thus, with G = 15,000 kg and 1 = 3 m, the boat of 2-
meter width would, after the blow (the impact area has reached
the lateral edge of the bottom), not yet be flung upward, but the
boat of Z~meter width would have attained considerable downward

speed, which, as a matter of fact, 1s the most dangerous part
of the landing,

Finally, I wish to state that my calculations purport the

vossibility of designing seaworthy alrcraft by correct choice of
bottom form,

Translation by J., Vanier,
National Advisory Committes
for Aeronautics,
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