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SUMMARY

Smooth-water landing tests of a prismatic model having an angle of
o} : .
dead rise of 22% were made as part of a landing investigation being con-
ducted at the Langley impact basin to determine the distribution of water
DPressure on seaplanes. ILandings were made for beam-loading coefficients
of 0.48 and 0.97 at fixed trims between 0.2° and 30.3° for a range of
initial flight-path angles from 4%.6° to 25.90 and alsp for 90°.

Initial impact conditions, over-all loads and motions, and maximum
Pressures are presented in tables and figures for all the landings,
together with instantaneous-pressure-distribution and wave-rise data.

The experimental wave rise, peak pressures, and pressure distribu-
tions are found to be in fair agreement with the predictions of the
available theory; however, better agreement is obtained by modification
of the theory.

B INTRODUCTION

In order to obtain information regerding the magnitude and distribu-
tion of the water-pressure distribution during seaplane landings, an
experimental program is being conducted at the Langley impact basin on
various prismatic models. The results of investigations on heavily
loaded prismatic models having angles of dead rise of 0° and 30° have-
been reported in references 1 and 2, respectively. The present investi-
gation was made on a lightly loaded prismatic model having beam-loading

o
coefficients of 0.48 and 0.97, en angle of dead rise of 22% » and a beam
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of 3.39 feet. TFixed-trim landings were made in smooth water for a large
range of trims, veloclties, and flight-path angles. During each landing,
time histories of the pressures, velocities, draft, and over-all loads
were recorded.

The purpose of this paper 1s to present the experimental pressure-
distribution, velocity, draft, wave-rise, and over-all-loads data obtained
from this investigation and to use these dats to evaluate gnd extend the
existing knowledge of the wave rise and pressure distribution on V-bottom
seaplanes. Pressure distributions are compared to show the effects of
flight-path angle and beam loading, and experimental wave-rise and pres-
sure data are compared with the available theoretlical and empirical pre-
dictions that are summarized in references 3 and 4. In addition these
theories are modified in order to obtain better agreement with the experi-
mental data.

BYMBOLS
A hydrodynamic aspect ratio
(Wetted length at keel)Z
Wetted area projected normal to keel
b beamn of model, feet
c wetted semiwidth at any station along keel, feet
-y equivalent planing velocity, feet per second
. . . Z
f = + t = )
Fy hydrodynamic force normal to keel {normal to surface for a
flat plate), pounds ' o
g acceleration due to gravity, 32.2 feet per second per second
J empirical function of angle of dead rise
tan &
X transverse-wave-rise ratio =2
tan 87

impact acceleration normal to undisturbed water surface,

g units -'E-_EQS_._T_
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P instantaneous pressure, pounds per square inch

t time after water contact, seconds

v instantaneous resultant velocity of model, feet per second

W weight of model and dropping weight, pounds

X instantaneous velocity of model parallel to undisturbed water

surface, feet per second

N2 instantaneous draft of model normal to undisturbed water
surface, feet

Yy instantaneous velocity of model normal to undisturbed water
surface, feet per second

instantaneous velocity of model normal to keel, feet per second
(x sin T + ¥ cos T)

Ne

Z instantaneous acceleration of model normal to keel, feet per
second per second G-niwg)
cos T
B angle of dead rise, degrees
7 instantaneous flight-path a?gle relative to undisturbed water
surface, degrees (ta.n'l Z)
X
51, 52 angles used to designate wave rise, degrees
€ distance forward of step, measured parallel to keel, feet
1 transverse distance from keel, feet
6 effective angle of dead rise, degrees
A . length of keel below undisturbed water surface, beams
Xp wetted length based on peak-pressure location (longitudinal

distance from step to position of peak pressure at keel),
beams '
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P mass density of water, 1.938 slugs per cubic foot T
T trim, degrees

Subscripts:

o} at water contact

max at maximum value

P at peak pressure

Dimensionless variables:

Cn normgl-load coefficlent for a rectangular flat plate based
Fy
on A;{s—mm5—
-\ L0722
2
ONP normal-load coefficlent for a rectangular flat plate based
Fy
i\ T
i
A beam-loading coefficient | —to
pgb3
T pg pressure coefficient based on z
2 |

APPARATUS

The investigation was conducted 1ln the Langley impact basin with the
test equipment described in reference 5. The test model was a forebody
of a seaplane float, substantislly prismatic in shape as shown in figure 1.

. o]
The prismatic section had an angle of dead rise of.EE% .

The instrumentation used to measure horizontal velocity and vertical
veloclty at water contact i1s described in reference 5. Accelerations in
the vertical direction were measured with two oil-damped strain-gage-type
accelerometers having approximately 0.65 of the critical damping. One
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accelerometer had a range from -12g to 12g and a natural frequency of

120 cycles per second while the other had a range from -10g to 10g and

& natural frequency of 100 cycles per second. Both instruments were
recorded by 0.65 critically damped galvanometers having natural fre-
quencies of 100 cycles per second. Vertical velocity after water con-
tact was obtained by integration of the vertical acceleration. Draft

was obtained by double integration of the vertical accelerstion. The
instants of water contact and exit of the model were determined by means
of an electrical circult completed by the water. Pressures were measured
with 43 gages distributed over the hull bottom as shown in figure 2 and

table I. Forty-two of these gages had flat disphragms of %»-inch diameter

which were mounted flush with the hull bottom; the other was a bellows-
type gage with a %u-inch-diameter pickup surface. Natural frequencies

of the pressure gages were several thousand cycles per second and the
response of the oscillograsph recording system was accurate to frequencies
up to slightly more than 1000 cycles per second.

In order to evaluate properly the experimental accelerometer data
(and the derived velocity and draft data), the dynemic response charac-
teristics of the accelerometers and the corresponding recording galva-
nometers had to be taken into account. Analysis of this dynamic response
for the experimental conditions of these tests showed that the response
characteristics of the accelerometer-gelvanometer clrcult were of such
a nature that the magnitude of the recorded accelerations should be
reasonably accurate but that the recorded traces were displaced in time
by approximately 0.005 second. All the data presented in this paper
have been corrected for this time lag.

PRECISION

The instrumentatlion used in these tests gives measurements that are
estimated to be usually accurate within the following limits:

Horizontal veloclty, feet per second « « ¢« ¢« ¢ ¢« ¢« o ¢ ¢« « +» « « 0.5
Vertical velocity at water contact, feet per second . . . . . . 0.2
0.5

Vertical velocity after water contact, feet per second . . . . .

Vertical acceleration, percent « « « ¢« ¢« ¢« ¢ ¢ ¢« ¢ o ¢« ¢ o s o « « 5
Pressure, pounds per square Inch « « ¢« « ¢ ¢ ¢ « o« o &+ + & 2 + 0.1p
Time, SeCOnAE ¢ « s ¢ o s o o o o s o s » o o s o o o o o » « F.005

Dl‘aft, feet . e e o s @ s e e » a s - * s e e & . . . . s . io.o3
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TEST PROCEDURE

A series of 30 landings were made in smooth water with the model
at 0° yaw and at various fixed trims. Sixteen landings were made with
the model loaded to.a weight of 1177 pounds, which corresponded to a
beam-loading coefficient of 0.48. For these landing runs the model was
tested at-trims of 0.2°, 3.2°, 6.3°, 9.3°, 12.4°, 20.5°, and 30.3° for
a range of initial flight-path angles from 4,6° to 25.9° and also for

90°. Fourteen laendings were made with the model loaded to a weilght of
2369 pounds, which corresponded to a beam-loading coefficient of 0.97.

For these landing runs the model was tested at trims of 0.29, 6.3°,
12.4°, 15.4°, 20.5°, and 30.3° for a range of initial flight-path angles
from approximstely 5° to 15° and also for 90°.

During each landlng e compressed-air engine (described in refer-
ence 5) exerted a vertical 1ift force on the model equal to the test
weight so that the model simulated a seaplane with wing 1ift equal to
the weight of the seaplane. Otherwise the model was free to move in
the vertical direction. The model was attached to a towing carriage
welghing approximately 5400 pounds in such a manner that it could not
move horizontally with respect to the carriage. Because of this large
additional carriage inertia, the model did not slow down very much-
(horizontally) during any landing. .

EXPERIMENTAL RESULTS

The initial vertical, horizontal, and resultant velocities, flight-
path angles, trims, and model weights for all landings are presented in
table II together with the experimental over-zll loads and motions.

Time histories of the vertical velocity are presented in table III. The
corresponding instantaneous horizontal velocities are substantially the
seme as the initial values given in table II since the change in hori-
zontal velocity during any impact was small. The values of the maximum
pressures recorded on each pressure gage are presented for all runs in
table IV and the corresponding times of maximum pressure are presented
in table V. The peak-pressure data for two runs asre plotted against

%pée in figure 3. The average value of the peak-pressure coeffi- . —

cient 1Pp2 (see faired lines in fig. 3) as obtained from similar plots
50z

for other runs are plotted against trim in figure 4 for all runs. In

table VI are given instantaneous-pressure-distribution data from most
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of these landings together with the corresponding measurements of time,
draft, vertical velocity, and vertical acceleration. Illustrative pres-
sure distributions are plotted in figure 5 for various trims.

Transverse-wave-rise measurements, as defined by the following
equation, are shown in figure 6 for trims between 3.2° and 15.40:

—t&n 82

~ ten & (1)

The angles 81 and &2 are shown in figure T(a), & Tbeing given by
the relation

tan 87 = tan T cot B

The angle 8, was obtalned from observations of the experimental pres-

sure distributions (from table VI) or of the position of the peek pres-
sure on the float (from table V). For trims greater than approximately
15°, an examination of unpublished underwater photographs obtained at
Langley tank no. 1 for a planing prism having an angle of dead rise of
20° indicates that the peak-pressure line is curved; therefore, equa-
tion (1) is not velid. Consequently, no wave-rise ratios are shown for
the trims larger than 15.4°,

ANALYSIS OF RESULTS

Wave Rise

During the impact or planing of a V-bottom prismatic model, the
water riseg above the level water surface. The forward component of
this rise (xp - A3 in fig. 7(a)) is usually small. The transverse wave

rise, however, is usually large. This transverse wave rise is defined
by the location of the peak-pressure line on the hull bottom, which is
close to the boundary of the wetted area (see fig. 7). For small trims
(up to approx. 15° according to the previously mentioned unpublished
planing data for a model having an angle of dead rise of 20°), this peak-
pressure line is substantially straight and can be conveniently described
by the ratio K. Pilerson and Leshnover have proposed the following
equation for K in reference 4
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K £<1 3 tan2p gos B _ tan B sin26> (2)
1.7x 3.3x

This theoretical variation 1s compared with the experimental data of
this paper in figure 6. TFair sgreement is seen to exist.

Peak Pressures

Several equations have been proposed for the peak pressure on
V-bottom wedges having a finite angle of trim. Two of the most promising
of these equations are considered and a third more accurate equation is
proposed. The following equation was derived by Pierson and Leshnover
in reference h:

52 . )
P - si

Pg = (K =z B) + cos®p (3)
2°  sin®p + Koten®T

n _él—-‘

where K 1is given by equation (2). Equation (3) 1s based upon a theo-
retical analysis concerned with the peak-pressure line. If such a line
exists reasonable results might be expected from this equation. However,
for very large trims no such line exists (see fig. 7) and this analysis
does not hold. For example at 90° trim equation (3) predicts

p = coseﬁ
2032
2
whereas a more accurate relation is
P : '
al o (-
P2 . | - '

(see reference 2). In order to determine the value of equation (3) for
o

an angle of dead rise of 22% ; computed and experimental peak pressures -

are compared in figure 4, It is seen that this equation is conservative
for trims below approximately 10° and is falrly reasonable for trims
between 10° and 30°.
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A second equation which has been proposed for the peak pressure
is the following semiempiricel equation proposed in reference 2:

2 _ L (5)

ée sin®r + J% tan2B cosT
TI .

[\J_cl) =

This equation is an empirical relation which was chosen to satlsfy the
theoretical relation given by equation (&) for 90° trim, to satisfy the
following theoretical relation given by Wagner

hvl

Pp T

T cot®p (r = 09 p—>0°) (6)
2 4

Z

hL

and to satisfy the experimentsl variation of the peak pressure with trim
for a model having a 30° angle of dead rise (reference 2). Comparisons
of the predictions of equation (5) with the experimental peak-pressure

o

data from this paper for an asngle of dead rise of 22% (shown in fig. 4)

indicate that, for this angle of dead rise, equation (5) 1s conservative
throughout the trim range.

Since neither equation (3) nor equation (5) is always in close
agreement with the experimental data, a third equation 1s proposed here
as '

o - | (7)

1l :0  sin®r + J2coser
5Pz _

where J 1s considered to be a function of angle of dead rise alone.
Equation (7) was obtained by replacing the quantity % tan # in equa-

tion (5) by a more general quantity J. In order to satisfy equation (6)
and to agree with the experimental data of reference 2, J must have the

values % tan B for B—%>O° and T = 0° and for B = 30° for all trims

80 that for these cases equations (5) and (7) are identical. For other
angles of dead rise, J can be determined either empirically or from
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theoretical solutions for the two-dimens1onal case for which equation (7)
reduces to the relgtion

vl (r =07
Z

NI

For an angle of dead rise of 225 , an examination of the experimental

data in this paper indicated that the value Uf J that best fits the
data is 0.293. Computed peak pressures based on this.value of J are .
compared with the experimental pressures in figure 4. Reasonable agree-
ment is seen to exist for all trims.

Pressure Distribution

Effects of beam loading and flight-path angle.- Experimental pressure-

distribution date for various trims are shown in figure 5 in the form of

the dimensionless pressure coefficient 11)2. The effect of beam loading
§p2
on these pressure coefficients is shown in figures 5(a) and 5(b) where
experimental data for the seme trim, wetted atrea, and flight-path angle
and diffefént beam-loading coefficients are superimposed. It appears
that there is little difference in the experimental pressure coefficients
for the two beam loadings tested. The effect of flight-path angle on the
pressure coefficients is shown in figures 5(c) and 5(d) where experimental
data for the same trim, wetted area; and beam-loading coefficient and
different flight-path angles are superimposed. No apparent effect of
flight-path angle oh the pressure coefficients is noted. This conclusion
is in agreement with the results of reference 2 for a model with a ~
30° angle of dead Fise.

Non-chine-immersed region.- For the transverse pressure distribution
on non-chine-immersed sections of a two-dimensional V-bottom wedge (see
fig. 7) during a zero-trim constantzvelocity impact, Wagner (see refer=
ence 6 or 7) has obtained an equation which can be expressed as

P __®eotp 1

1 2. D
P hgr 6

In order to extend this equation to apply to the case of a finite trim,
Pierson and Leshnover (reference L) have proposed that this equation be

replaced by the equetion
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p _ xcot 8 1 (8)

ﬂ
P. 2
l-%:(-g-cota) +1 (x cot 8 2 2)
_pz
2 \ (9)
b
_&2=n'cot9. . (x cot 8 S 2)
1.
--pz
2 J

This relation defines € in terms of the peak pressure. Different values
of 6@ can be obtained by substituting equations (3), (5), and (7) into
equation (9): '

The value obtained from equation (3), which will be designated as- 81, is

2 2 D . D o '
ﬁcot@l=2\/K - 2K sin’B - X"sin’p ten'y (x cot 61 2 2)
sin®g + Kotan®T
(k - sin?)"
% cot 6 = + cos2B (x cot 6 S 2)

sineﬁ + tha.ne-r

The value obtained from equation (5), which will be designated as 8o, is

1- .% tanp
% cot 6o = 2 e (x cot 62 2 2)
tan®r + — tan®p
72
1 <
x cot 6o = A (:t cot 8o 3 2)
sing-r + — ‘tanEB cose-r

7
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The value obtained from equation (7), which will be designated as 63, 1is

ncote3;2—i (ncote322)

tanET + J2

1

it cot & .
sinaT + choser

N

(ﬂ cot @3 < 2)

For the usual case of impacts not made at constant velocity, as a
first approximation the following term, which takes into account the
acceleration normal to the keel and which is usually negative (see refer-
ence 3), should be added to equation (8)

. 5 - ’ )
2zc o{A) (1
e gl \h (3) (10)
where
¢<A>=._1T(-0h25) 0<h<n
1+ = A+ =
2 A
A
p(a) =1 - L (1.5 < A < )
2A
and
A (Wetted length et keel)?.

= Wetted area projected normal to keel

so that equation (8) becomes
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p _ . mcoto _ _ 1 - Zico(a) ) (1)2 (11)
. C
Y aF (&) - g

Theoretical pressure distributions computed according to equa-
tion (11) for the non-chine-immersed region of the model are shown in
figure 5 below the corresponding experimental pressure distributions.
Most of these pressure distributions were computed by using 63 with

J = 0.293. It is seen that on the non-chine-immersed region of the
float bottom these pressure distributions computed by using 63 are in

fair agreement with the experimental dats for all trims. The pressure
distribution computed by using &7 1is shown in figure 5(a) for a trim

of 0.2°, As would be expected from the peak-pressure analysis (see

fig. 4}, this equation leads to pressures larger than the experimental
pressure for this trim. However, for larger trims (not shown) there is
little difference between the pressures predicted by using 6; and 63.

For all trims, predictions of the pressure distribution based on 6o

(not shown) are conservative approximately to the same extent as the
peak-pressure predictions of equation (5) are conservative (see fig. 4).
It is noted that the theoretlical effect of beam loading on the pressure
distribution (which effect is given by expression (10)) appears to be
greater than the experimental effect.

Chine-immersed region.- A semiempiricel procedure for predicting
the pressure distribution om the chine-immersed region of a prismatic
V-bottom wedge (fig. T(b)) has been given in reference 3. It should be
noted that this procedure requires a knowledge of the normal-load coef-
ficient CNP of a rectangular flat plate as a function of trim and

wetted length. For trims below 16° this variation can be found from
figure 9 of reference 3. For larger trims the following equation, which
can be obtained from the analysis of reference 8, can be used

CN

_9(A) sin T cos T 73
16

— + 0.88A tan T)
A

Usually A = Ap so0 that Cy 1s approximately equal to the quantity
CNP used in the ansalysis of reference 3. From the evidence presented

in reference 3 for a model having a 30° angle of dead rise, it appears
that this procedure gives reasonable results for cases where the chine-
immersed wetted area of the model is & large fraction of the total wetted
area.
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Pressure distributions on the chine-immersed region of the float
computed according to this semlempirical procedure are shown in fig-
ure 5 below the corresponding experimental pressure distributions. It
is seen that where the chine-immersed wetted area is not too small a
fraction of the total wetted area (figs. 5(d) and 5(e)) fair agreement
exists.

CONCLUDING REMARKS

From an analysis of the experimental data obtained during a smooth-
water landing investigation of a substantislly prismatic float having

o}
an angle of dead rise of 22% and beam-loading coefficients of 0.48 and
! -

0.97, it is seen that the experimental wéve rise is in fair agreement
with the theoretical prediction of Plerson and Leshnover.

Comparisons of computed and experimental peak pressures 1lndicate
that the peak-pressure equation advanced by Pierson and Leshnover appears
to be conservative for trims below 10° and to be in reasonable agreement
with.the experimental data for trims between 10° and 30°. The peak-
pressure equation advanced in NACA TN 2111 sppears to be conservative
for all trims. A third peak-pressure equation advenced herein sppears
to be in reasonable agreement with the experimental data for all trims.

An examination of the experimental pressure distributions indicates
that there is no effect of flight-path angle on the pressure coefficlents
based on the velocity normal to the keel and that there is little differ-
ence in the experimental pressure coefficients for the two beam loadings
tested. In non-chine-immersed regions of the float, computed pressure
distributions corresponding to the three peak-pressure equations mentioned
compare with the experimental pressure distributions in much the same
manner as for the respective peak pressures. In chine-immersed regions
of the float where the chine-immersed wetted area 1s not too small a
fraction of the total wetted area, computed pressure distributions are
in fair agreement with the experimental results.

Langley Aeronautical Lgboratory
National Advisory Committee for Aeronsutics
Langley Field, Va., January 10, 1952
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TABLE I
PRESSURE-GAGE POSITIONS

(See fig. 2)
n € n

Gage (£t) Gage | (£e) | (£1)
1 0.h7 23 1.82 1.08
2 17 2 1,82 1.2
3 1.08 25 1.82 1.39
L 1.39 26 1.82 | 1.54
5 A7 27 2.23 47
6 77 28 2.23 77
7 1.08 29 2.57 47
8 1.39 30 2.57 17
9 .62 31 3.4 «32
10 A7 32 3.h0 47
11 1.07 17 33 3.h0 62
12 1.07 | 1.08 3k 3.ho 17
13 1007 1039 35 073 “oh?
lh 1.17 062 36 . 73 "062
15 loha oh? 37 073 "077
16 1.48 17 38 .13 -e93
17 1.48 1.08 39 1.07 ~-e32
18 1.82 032 Lo 1.07 -.93
19 1.82 A7 I 1.48 | -.32
20 1.82 .62 hz 1oh8 "Oh.’
21 1.82 077 h; 1.!‘8 "'077

22 1.82 93
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TABIE IT

INITTAL LANDING CONDITIONS AND OVER-ALL LOADS AND MOTIONS

At contact At (ni,) At y

_ T max MX | Time, t,

Run| < v, 5’0 X | Y | t I t y a1(; ex:)i.“b
* sec

(deg)] (fps)| (fps)| (fps)| (deg)|(sec)| (g)|(£t) [(fps)|(sec)| (£t)

1 10,5(10.5| o 90.00( 0.022}3.40{0,22| 8.9 |~=-ce| === | No exit

2 002 10.5 10.5 O 90.00 0025 3.&2 -25 8.8 e R No exit

3 10,5105 0 190,00 .029{3.30] 28| 8.8 |—==—=|~—= | No exit
L ” 80,6 | 10.1 | 80.0 | 7.20[0.0ho|L.B81f0.36] 6.9 [0.116/0.55 | 0.356
5| 3+2157,7]10.7 | 56.7 |10.69 .oh1|n.b1| .39 7.5 | .189| .48 | .EiS
6| 6.3158,2]30.5(57,2 [10.1:0[0.050{L.58[0.L6| 8.5 {0.118(0.8) | O.38%
71 9.3 89.3| 7.2{89.0 | L.62[0.067{3.77{0.h0| 3.0 |0.09k| 0.3 [ 0.205
8 *” {57.5]10.2 | 56.6 [10.22| .058|k.57| .50| 5.5 | .106| .62 .30L
9 8005 609 80.2 h.92 0-078 3.73 o.hl 1. 0-093 O.hz 0.208
10 1793 8.7(78.8| 6.30] .068{L.8L| L6} 2.7 | .086] .4 .202
11 |5, | 80.5| 8.9 |80.0 | 6.35| .067{5.15| .h8| 3.0 | .087] .51 | .197
12 ** 158.9 | 10.8 | 57.9 {10.57| .08L|L.88{ .58] 5.3 | .105] .68 266
13 b7.9 | 10.6 { h6.7 {12.79] .066{k.17} .60} 5.9 1 .127| .75 .331
1k 47.1 20,5 | k5.9 112.88] .062{h.08| .57f 6.i | .130 '8%’ .35
16 [30.3 |2hk.7 | 10.8 | 22,2 |25,9L|0.096[2.2L]0.91} 7.0 | 0.2h5]1.3L | 0.658

¥ = 2369 1bj G, = 0.97

17 12.0 1200 90000 0.032 ?-63 0.35 10-2 S ———— No eﬁ.t

0 ——
18 | %2 112,0/12.0] 0 |90.00| .031|2.k5] .358/10.5 | v e | No exit
2

19 . |83.2] 8.0182. 5.52( 0.072{3.02{0.51] 5.0 [0.1L0{0.68 | 0.32k
20 | 6.3 [83.5] 11.1 | 82. 7.6k .055(h.6k| .55 7.k [ .136] .80 .330
21 63.8 1101 620 10.02 .ﬁs 3.92 057 7Qh 0173 089 'h59
22 82,2 7.818

23 |12h {165 1100 | 1502 113068 068 68] 7.7 | .182l1.08 | o8

8
8
1.8 | 5.45|0.086{3,53]0.5h| 2.9 [0.113[0.58 | 0.256
2
5
L

3.13
2L 15.h 63,5 11.3 | 62.5 {10.25]0.075| k24| 0.72] 5.9 [0.128]0.86 | 0.313
* h6. u.h hs. lholo l078 3.1b 079 7.2 0173‘ 1-10 0!160

26 82,2 7.7 [81.8 | 5.38/0.091{L.13{0.53] 1.5 |0.103] 0.5k | 0.223

27 83.1|10.8 | 82, | 7.47| .07h|5.59| .63! 3.6 | .096| .67 | .218
28 [20:5 1 63,9 11.1 | 62.9 |10.01| .of1|h.32] .7k| B.0 | .123] .8k | 289
29 12.2]10.9 | L0.8 | 14.96| .087|2.88! .8k| 6.8 | .188l1i1k | .h76
30 {30.3 | Lh.2|11.2 | 2.8 }1L.66 2.95 0.528
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TABLE III
VERTICAL-VELOCITY TIME HISTCRIES

o
E

Y (fps) at time (sec)

O o= AWLETV N

0.00{ 0.Q1| 0.02| 0.03| 0.0k |0.05| 0,06 |0.07 | 0.08 | 0.09 | 0.10
10.5| 10.0| 9.1 8.0] 7.1 | 6.h| 5.8 S.3 | L9 | k6] —
10.5] 10.2| 9.h| 8.3 7.3 | 6,5 5.9 | 5.h| 5.0 k7| koS
10.51 210.3{ 9.6| 8.5] 7.5| 6.7] 6.0] 5.5 | 5.2| keB| k.6
10.1 10-0 9-h Boh 6.9 s.h h.o 2.9 2.0 1.2 ———
10.7 10.6 10-0 9-0 7.7 6.3 5-0 3-9 3-1 2¢h himpe—
10-5 100!‘; 9‘9 9'1 7.9 6.5 5-0 308 2.7 1.8 —pme
7.2 7.2 7-0 6.6 5.9 h.9 3-8 2-6 loh .3 —
10.2| 10.1| 9.7] 9.0{ 8.0 6.7} 5.3 | 3.8} 2.5 1.4 .5
6.9 6.8 6-1 6-3 5-7 b.9 3-8 ' 2-7 1-5 -’.l “-7
B.T 6-6 803 707 6-7 SUh 309 2-3 -8 —-7 -
8.9 8.8 8-6 8-1 7'1 5-8 h.z 2-6 1.0 "-h ——
10.8¢ 10.7| 0.4 9.9| 8.9 | 7.5| 6.0 by | 2.9 1.5 5
10.6 1005 10-3 \ 9-8 9-0 709 6.6 5-3 h.D 2.9 1.9
10.5]1 10.4| 10.2{ .9.7| 8.9] 7.8] 6.6 S.3| h.0] 2.9| 2.0
10.5| 10.h| 10.2| 9.8| 9.1} B8.2| 7.2 | 6.0 L.8[ 3.7| 2.6
10.8] 10.8| 10.7| 10.5| 10.2 | 9.8] 9.3 | 8.7 8.1 7.4 | 6.7
12.0{ 11.8f n.2| 10.h| 9.6 | 8.8} 8.3{ 8.0| 7.7| 7.| 7.1
125O 11-8 11-3 10.6 9.8 9.1 8.5 8.1 7-8 705 703
8.0| 8.0; 8.0 7.8{ 7.h| 6.8| 6.0 5.1 | k1| 3.2]| 2.k
1.1} 11.1§ 10,9} 10.h| 9.4 | B8.1| 6.6 | 5.3 | h.o| 3.0| 2.1
1.l} 11.1} 10.9| 0.4} 9.6 | 84| 7.2} 6.0 h.9| h.0 3.2
7.8 7!8 7-7 7"‘ 7!0 6lh 5.6_ h06 3.5 2.!]. 1.3
11.0| 10.9] 10.8; 10.5[ 10.1 | 9.4| 8.5 | 7.5 | 8.5| 5.5 k.7
11.3| 11.3} 12.1] 10.7} 10.1 | 9.1] 7.9| 6.6 5.2 3.9 2.7
u.h 11.!‘ 11I3 11.0 10.6 9'9 9.0 8.0 ?.0 6.0 5.1
707 7.7 7-6 7-3 6.9 6.2 5.3 llnz 3-0 1.7 -h
10.8{ 10.7} 10.5| 9.9| 9.0} 7.7] 6.1 | hok| 2.6| .9| -.7
11.1 11.1 10-9 10-5 9-9 900 7.8 6.5 5.1 3.8 2.5
10.9 10-9 10-8 10-? 10.3 9.8 '9.1 8.3 7|ll 6.5 5.6
11.2 =] memf | ] eem] -
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TARLE IV
INTTIAL LANDING COMDITIONS AND MAXINUM BOTTOM PRESSURES
= |V, | T ¥ x Maximms pressure (1b/sq in.} at gage number —
Tan o ° ° -
(dag)| (gpa)| Cdog) [(opa)| (o) 1| 2| 3] b] s 6] 7| 8] 9] 10Lu| 12|13 |3 3s] 18l uz a8l a9l o0l 20| 02 |
: ¥ = 1177 1bj G, = O.&
1 10.5] 90.00] 10.5] 0 8.7 5.9 ——[ 1.17 5.87 5.3 5.3 B.0] 7.0] 7.0 5.8 ——] 3.9] B.7] 8.9 5.8 6.5 6.7 4.8] 6.3
2 | 0.2 | 10.5/90.00| 10.5| o 6.9 ﬁ.ﬂ-—-—- 1.2| 6.1 s.i Be3| | 6.8] T.8| 5.5 —— E.B 8.5(10.2 5.9 9.9 6.2] 6.5 6.6| 5.}
3 10.5| 90,00/ 10.5] 0 6.3] 6.0/ ~=—| 1.6| 5.1 6.1| 5.6| 3.9 6.7 7.5 6.0 h.3| 9.1 6,5 10.h| 5.2 7.7 6.8] 6.0]
15,2 ] 80.6] 7.20[ 10.1[W0.0 [ Th.O[T5. 5 ——| L.3[16. 912123 7. X[ .1 1L 8 —— — .9/16.7|15.2 119 6.3(10.3 11.7|15.2{12.2
| 5|7 7.7/120,69 | 10,7|56.7 | 11.5/12.1) ~—| 3.2| 8.8 10.}4)10.1/15.1{12.0{12.2| 8.3 1h.0{12.6] 9.7|——[12.7] B8.710.8(11.9|10,6
8 [ 8.3 | SB.2[10.10] 10.5]572 | 16.0| TTh] ——|——— [12.7 ——|15.3] 9.3]18.9|17.01%. 5.6 12,9 12,00 15.2[15.8][12.%
T 9.3 B9.3] B.62| 7.2[09.0 | 22.2[ 20.3[ 5.7 Z.5(19.7| 20.1|12.5 O | ZL.h|32.8] —— 1.5 0 [0 T1IL710.3 ¢ |0 | o
B | 7| 57.5(10.22| 20.2{56.6 | ——[15.7| —| 3.k{17.018.5|158.5| — 18.8| 27.6| ~—— —~|11,5/18.8 17.9|-—-| 18,5/ 13.1] 13.8]14.0/1h.0
10 79.3] 6.20| B8.7(78.8 | 26.3( 2h.5| ——| 2,5|22.8 23.1(19.7 2.2|25.5]38.5[~—d ——1 0 [23.B 11.6|~—=|23.8/1h.h] 0 | 0 | 0
1 (92, | 80.5] 6.35| B.9|Bo.0|27.3|26.3 ——| 8,2|26,2| 25.2|20.6| ——|25.9| k1.8 23} -orm| 1.1|25.2 9.5]——-29.824.5 0 | 0 | 0
12 58.9(10.57 | 20.8(57.9 | 21.9(19.9| ——| B8.3]|21.6| 21.9/19.0/17.3| 21.}4) 34.7119,1] ~~—]13.1} 22,1 19.5|~——| 25.8/17.%| 35.k|17.7| 1.2
13 h7.9/12.72| 10.6/46.7 [ 18.0|15.1} ~~—| £.3|35.}/16.1|2h.3|11.5)|20.5| 27.1|15.8 ——| 10.5[17.3 1h,. 8|~ 23.1]/13.h 25.3( 1}, 2[10.5
%7 ![Ll 12.38 10-5 hs-, ]—hbz 1!1.!]. ieenmad Ensinainsd 13_3-3‘ 16!7__11‘05 11-8 16.6 %.9 ] S —— 10-9 l.rlh 15'0 p———| ﬂ.-? 11. -_J._ul,_? u-’
2.5 1 39.4[15.45 | 10.5138.0 | 18.8[17, 8] — [ 3.B[12.2[3h. 2[15.8]10.3]25. 2] 158 —— —r] 1L, O{ 17.1 10,2[—[15.9[10, 11.;_# i 9.2
16 30.3 «7125.94 | 10.8]22,2 [ 8.8] B,2[———] h.1[ 7.8] B.h| 8,4 7,0 7.5[11.3]— ——| 7.1] 8.2 8.8 7.0l——] 7.7 6.6 S.9] 6.1 £,
W= 9 lb] cA = 0,97
17 12.0[%0.00T 12.0] O 8,9] 8.5 ——] 2.1] 6.9 B.2] 7.2] 5.2 B.3] 8.7 ~< —] 6.0/11.0 3 2.6 10.8( 9.9 8.9
1& 0'2 12-0 90.00 12.0 0 3.1 7-2 ———— 2.1 7-1 B-? 7-7 h.s 6.6 B.l F—) e e— 6-!! 10-9 ——— 3-3 1°|0 900 u.T
) 83,21 5.52 BoO[UZ.0 | 15 5h.B| 140 6. 31,8 X85 TR 8] 1L, 1| 15,7 25, 3[—— ——] 12, 2] 15.5 1.9 17.1/17.9[16.1
20 | 6.3 | 83.5| 7.6L| 11.1/82.8 | 22,5(29.6( —| 9.4|21.7] 23.2(22.6|17.1| 2ha 7| 35.3|—— —1] 19.1| 25.5 17.3}3.3 26.0|23.8
2) 63.6/10.02) 11.1{62.8 | 16,4]15.3| —| 6.4]15.9|28.5]17.k|1%.5/19.2| 28,8| — —[15.1] 18.5 111, T 20,h|17.9
22 12.% B2.2] 5.6 7.0/ 01.8 | 25.5[ 2. h[ 22.B[10.7]23.9 28,51 2. 71 15. 9| 28. H 113.5 155 50.6 20.
23 [~= .5(13.68] 11.0 %5.2 16.0)16.1]~—| 6.3(15.9(18.5|18.2) 14.7|19.7] 26.8{ — ——!15,}| ;.1
2h 3.5[10.25 | 11.3[62.5 | 26.68] 26,2} 23. k[ 1h.1] 2. 7| — | 25. 7| 32, o T| 308 — 27.6{ 3L.1
35.4 | 18,8lah.10] 11.4|k5.k | 18.4[17.9/2k.2 15.5(16,2|17.8(19.7/16.7| 21.8| 29.1(18.8 —-{16.8] 22.8
26 82.2[ 5.38] 7.7[8L.8 ] 38.0[3L.0] —[13.632.2| 35.9|31. 7| 21.L| 38.8| 516! 3b.8 20.5] 2.9 ggﬁ
27 5 3311 7-h7 10-3 Bz.h '.‘3-1 37-8 — 15-3 3517 .8 38-2 Jlnh 39-3 63.-0 ———— — 29-1 -D
28 (%05 | g3.9]20.00 | 11.1(62.9 | 26.9|25. )| — 10.7|26.2| 31.1(28.2) 22.5( 29.5( h3.1| k2. o ——| 23.3] 32.2
29 h2,2|1h.96 | 10.9|h0.8 | 1h.8]1h. Yy ——| 7.2(18.1{27.6/17.4| 2.0{17.0]25.7 —~—1{13.8(28.1}19. 7]
30 30-3 hll-z 1&-66 11-2 h?-a 15-2 1 -h 1508 12-6 . ——— -]7 15.6 18-!1 18.9 16.11—" »! 2_2-

9TgS NI VIVN
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TABLE IV ~ Coneludad
INITIAL IANDING GOMDITIONS AND MAXIMUM BOTTOM PRESSURES - Concluded

J T [V, ] Y, | o x ¥aximum pressure (1b/aq in.) at gage number-
(o) (spe) | (oog) |(ton) | Crom)| 23 | 2% | 25 | 26 | 27| 28 zs|3oT,11|32|3313h|35|36131!38l39h | na] el u
¥ =1177 1by C, =
1 10-5‘ 90.“) 10-5 0 5-2 h-T hch 3.1‘ —_— 7-3 7-7 7 7 Tnh le 6-2 7.3 5- —— boz -7-9 -h 7.1 -——5-6
.21 0.2 10.5| 90.00( 10.5/ 0 | 5.3\ h.6| ha?| 3.1|—|——| &.9] 7.6| 8.0| 6.1| 7.1] 5.9 6.2 5.3|——| 3.8 7.3} 1.5] 7.7|—-| 5.8
3 10.5/ .90,00] 10.5] 0 6.6| ho?!| Bo9|aree| 8.0|——| 6.9 B.0| 7.8| &.8| 6.8] 5.2 6.8 5.7| 6.5 h.1| 7.kl 6.3] 6.8 9.8 €3
L 3.2(,80-6] 7.20] 10.1[" 80.0[10.8| 8. 7| 5a8] ——| e [——| L. 2 9.0|T%.61 3.5/ TL.6| 3.6[13.1 11.1 <31 7.7[18.1[13.5]13.1 11.1
S "7 877 2069 10.7] 56.7| 8.9 7.9) 643] | —|—[19.0] 9.6[22.8| 90.5| —| 5.6 1.9 9.6| 6.9113.8110.7112.8(11.8 o
| "6 6.3 gg.z 10.10] 10.5] 57.2111 . 3] 9.8] 8.0|——[15.1;|——|13. 2[ 10.5[13. 3|10.6] ——] 7.k 17.1 13_3_%;0 11,0[18.1|13.5(17.1[18.9(12,1
7 9.3 W3 hB2] 728900 [0 |0 [——| 0 [—[0 [0 [0 J0 [0 |0 . -5[15.3[n.3[13.2( 226 3.9 1.
8 *?l 5T.5| 10.22| 10.2| 56.6(12.0| 8.8] 6.0 —|17.2|~—~|11.5|21.1|20.8] 2.8 o 0 120.7/19.2)17.1|1h.5|27.6/15.0/19. 7| 24.4| 15.2
9. 80.5] h.92| 6&.9| 80.2| 0 0 0 |~—| 0 0 0 4] 0 0 Q 0 25.1)22.3]19.3(15.0[32.5|— 23.6/19.7 ©
10 79.3| 6.30 8.7/ 78,8/ 0 |0 [0 —~—] 0 |O |0 J0 |0 |0 ]|l0 |0 2.7| Bk |-~ 7| —=119,1] 22. 8| ——] 13.
11 (99, 805 6.35] B.9 80.0f 0 | 2.0[25(—] 2.9|—-| 0 |0 [0 [0 |0 [0 |30.81702——I21.k 3.9|20.3( 28,8) 30,9/ 11.
12 "l 58.9( 10.57( 10.8[ 57.9| 9.5 2.9f 1.b|—[17.7|-~~[12.6{ 0 |0 |06 [0 |0 23.4)32.h| 5.1{18.7]30.2(18.3| 26.4] — | 15.1
13 L7.9( 12,791 10.6| b6.7| 9.1| 7.5| bob|——[13.8|[20.7] 7.6/ 0 |0 | 0 } o [18.3|——0| 20 13.0|2h.9}16.0] 20,5| =~~—| 13,2
1, L7.1] 12.88] 10,5/ 1.9} 9.5! B.1| 6.0(——-|16.6/-~——| B.9] 9.8/ 0 |0 } 0 jo l|15.7 16.9({——|11,7/22,2[13.919. 2 ——— 13,9
20.5] 39.h[ 15. 10.5] 38.0] 7.8[ 5.2} 1.9[———<[ 8.2/——| .8l 6 |0 |0 |0 |0 [15.8 15.1 |—-[|12,0[16.9/13.3)15.8137.1 10.5
16 0.3] 2h.7] 259 | 16.8] 22,2] 6,2] h.2| bu7|—==] 5.3|——] 3.8]——] 0 [0 | 0 [0 T E& VT[] &.3[10.8] 6.9] 7.2] 9.4 8.5
— W =239 Tb; C, - O.
17 | .2l 12.0] 20.00{ 12.00 O [ 7.8] 6.6{ 7.2 ——| 9.7[-——| 8.k[12.5| 9.7] 7.5] 9.1 8.0] 9.2 8.6, 8.3 6.9] 9.3 9.0 9.3 —] 7.1
18] % -12.0 90,00] 12.0| - O, | 7.6} 7.0| 6.2| —| 9.8~—| 7.0[11.B} 9.6 7.2| 8.6| 7.8 8.4 8.0] 7.7 6.9| 8.7 8,8 B.Y—| 6.8
19 83.2] 5.52| 8.0 82.8[13.7[—- 16.5|0h.6]13. 2] 18.}]16.5(17.7| 26.2( 8.9/ 18.3 16.4] &.1]12.8]23.6 181 1k.1
20 | 6.3 83.5| 7.6h| 11.1) B82.8(21.2[19.817.7(——|23.3|~—~|20.1] 22.7|25.0| 20.3| 19.0(16.3] 23.1. 23.5| 9.7 73.0/31.8 19.7
21 63,81 20.02] 11.1| 62.8116.515.5 |1l bi| ~~—| 20,0~~~ 15,8 —|20,7|17.2| 15.615.218.3|18.0| ©.7{13.9]26.c 17.2| 24, 0t 2h, 3 16,2
22 2.} 82. 5.5 7.8[B1.B| 0 | 2.8 13[-——[IT8[——[ 0 [0 |0 |0 [0 [0 [25.828.2——T2.0 39.7| 23.L[ 30.6| —=] 20.0
23 | 12- 35) 13.68] 11.0] 45.2{16.2/15.3/13,5]| ~~~|18,9] 0 |15.5/19.2]15.6/13.1}11.9{10.6{19.7/19.0! —— 3h.5(26.7/17.4[ 22,7 ——] 1k, 2
2, 15 3.5( 10.25| 1L.3[ 62.5122.5 2.1 |17.5] =] 27.0[——[13.5/ Z1.0{ 0 [0 | 0 10 [|——n|—nl2E. .6137.8] 75, 8] 3L 3| —[ 22,7
x "] 6.8y k0] 12.h1 b5.h[18.1/16.6/13,8] | 20.0/——|10.5]28.1|13.7(11.5|10.0| 6.8/1k.2/ 19.) |- 15 9 25.59127,9] 22,8 —117.1
26 82.2] 5.3 7.7 8.3 O jr~=] O [-—] O [~~~ 0 | O 7O [O | O | 0 [36.536.852.8| 22.9|h&.2| %6.7 1n.8/-—- 2.0
27 83-1 7-'.!7 10.8 82-1! —— 3-7 o ——— o m—m———— 0 0 0 0 0 0 '.l-!lalhz-?. 16-2 38-.6 ﬂll? 3201' 1‘3.? _——— ?6-8
28 | 20-5] 6379 10.00{ 11.1| 62.9|19.6(1h.8| 8.0 —-22.9l -] o0 4 o o lololo 33.% 32.413.3} 2h.7(1.3.6/ 25.5) 33.1| —| 20.7
S 29 h2.2} 1.9%6| 10.9| 40.8|12.7|11.6/ O [-—=}16.2(-——120.81).6] h.6{ 0 | 0 | 0 !37. 18,8| 7,5/14,5/25.7|18.2(19.2| — 14,8
30 | 30.3] Lbh.2| 1h.66( 1L.2| L B[1S.k[15.[10.5 ——] 1L. 0| ~—] k. | —]—— = |~—] 17.5]15.1] 16. 8] 20.2118.1[19.2{ 22,1 10.5

oz

9TEZ NI VOvN
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TAHLE V

TIMES CF MAXTMUM BOTTOM PRESSURES

Time of maxisvm vressurs (syec) on gage mimber—

Run T

1| 2! 3|y | 85 |6 7|8 |9 |10 |1 |12z 13 |3 |25 |16 |27 |18 |19y [20 21 |22
1 |0.010/0.0190.03k 0. OhS| 0,008 [0,019| 0. 032 (0. OKS |0.0X5 | 0.009 {0.019]0,031 ) 0.045| 0.016(0.011. |0.021| 0.032{ ——| 0.013{ 0. 007 D.0220.027
2 | o] .021| .033[ .ob6| .012[ .020| 032 %&. 013} .011| .o020| .o31| .oh3| .015| .01 | .022| .033| .008| .0L3| 017 .023] .027
3 | .o12| 02| .o3k| .0k7| .020) .020| .032{ .0h6| .016| .011] .020| .032} .ohS| .017| .oM2| .023| .03h| .009| .015| .017| .026| .028B
h ‘010 1020 5033 IMT -01.3 1021[ -dl.o -050 -020 -02‘0 -029 . 0(55 -oa 9020 -030 Pty -020 1023 .Q30 -035 -O!l.o
5 ! ;2| .020| .033| .ol5| .cos| .026] .035) .0b6] 020 (026 .026| .037| .51 .023| .01B| .030| .131| .017f .023( .027| .033 oi;
6 | .c23| .023| .o3k| Obk| .016 .037| +o51| .02k| 07| .032| .0h2| . 027, .025| .038{ .139| .025| .032| .03} .Oh3| .
7 020 1036 t(ﬂh 090 0033 od-lg 0083 | -d-lB .0.‘.;2 .Cﬁ? —r——| e ——— -055 0(58 (..) (l) -Ml -OBO (l) (.) (I.)
B ———— -021 1032 -ms 0018 .028 .Oho -55 .028 -DS 1035 ldlﬂ '%3 -032 0032 - ———— 0038 -0!10 'dl7 -0;2 169
9 | .02k 039 . .090| ~———| ,055| .09k (n) | .060| .053( .080|~——-| (a) | 071} .0%h] (a) —! (a) (n) | {a)
10 | 018 .o29{ .oh3| .070| .032| .Oh3| .060|——| .OL3| .0hO| OS5 |——| (a) | .051} .O5L| .0B3| (a) | .063] .083 (l; su) (m)
11 } .08} .028| .oh2| 059! .029| .0h2| .058| .088| .obk| .039]| .08h|~m——m|-—— .Oh9} .0SL| .085 .063} .083] (a a) | (w)
12 -0111 'ozh lojll ld-'é .02,.[ '03,-‘ Oalh -69 -03'-' 0031 ld'l -05,-1 -070 -037 .d-ll -05h IC69 .M ‘051 -59 -Cﬁh [
13 | .o1h| .02 .o3u| .ohg| .023] .033] .ob3| .056( .033| .03L| .OWO| .0S1; .086| .038| .OhO| .053| .08h| .Oh3) .0BO| .56} .063| .068
1 | .ou7t .026| .037| .0h7| .026| .035| .O46| .058| .036| .032| .Ok2|-—-—| .068] .OhO| .OL2| .053|-———| .OW6| .051| .058| .O5L onr
15 | .ou7h 026 .035) .OU6| 028 .038] .OLB| .062( .oh2| .039|--—-| 052 .O77| .OL9[ .OS7| .067| .O78] .067 .O71| .077| .OBT| .097
16 F.ma .027] .038| 048] .039| . L0655 .067| 05| .052| J061[——]| .081] .081| .072| .0B2| .129] .087| .091| .098] .108| .106
17 | .000| 018[~———| .0k2| .009| .019| .028| .039| .0LlL! .010}—~—| 028} .ChO| .026| .0} .020|~——| .0OB| .013| .017| .022| .026
18 | o1} .9 ~——| .0h2} .0L0| .019f .030( .039| .025| .00L| .028)————| .OLO| .02&) .OM2| .021) .029) .007| .013f .CM8] .022| .026
19 | .o20} 033 .o47| .O6)| .028| .ohQ{ .053| .058| .038| .03 .o46[——| .O78| .OkO[ .039| LOS1| .066( .038| .ok6| .051| .05B| 066
20 | 014} .02h| 03| .ohy| .o20! .028 .036| .oMB| .o025| .o2h| .032| .obk| .053] .027| .026] .036| .oh7| .029| .032| .038| .0h2| .OhS
21 | 013 .021| .032} 01| .008} 026 .036| .ob6| .026| .020) .029| .O38| 080 .026| .025| .06 .OkS| .026] 030 036 .OhO| .
22 -Oi’lr .OBI.' -d.la .Mh -03!], .d.ls .%3 -OS -CSO -Ohh -(59 — -110 cﬁs .CEO -0?7 o e -M .073 .0$ 0101 f—t——
23 | 02| .020 .031| .Oho| .020[ .030 .0LO| .0SO .030| .028{—re~|~—~~| .057| .035| .036| .OUS|——| .OhO| .OWh| .050 .OSk| .060
2k | .08 024 .032| .OhO| .026|-——| .OM2| .053[ .035] .033] .OLO|———| .063] .O4O|——} .053| .063| .Oh9| .053| .060] .06%9| .OT1
25 | .ol .023] .o3h{ .OM2| .024]| .033| .OL1]| .052| .03h| .032] .0l1|~~—] .O61| .039|-——] .052| .060| .OhS| .05 062 .
26 .0211, .03,4 odla .-fﬁh -mlh . 5 -07’4 -099 OMB -059 -OTS 01011 | 007 -(99 T—— '126 (a) (.') (.) ——— (.-)
27 | .ol .o22| .032|.ou2| .o29| L0371 .OL7| .059| .oh2[ .OLO| JOWB|r———={ .077| .OWB| .0S6] .058| .107| .067| .07h| .092] .095| .096
28 -013 -023 0032 .01;2 -028 0036 -(1]6 -% od-l.l . -038 .DhT —— -070 .le .(52 -052 f——p— .052 QMT .072 0079 0087
29 | .00} .o20| .030] .oho| .025| .032| .oh2| .0S3| .0358| .035) .OW3|———| .O065| 03| .050| .060|——~| .05B| .061) .087| .O7h| .080
30 -017 -025 .035 -d-lz oojl.l.""—" -051 -MO 0&0 -mlg -Gﬁ"“""‘"" 0075 0(57 -077 -080 0087 -09? o097 -103
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TABLE V - Concluded

TIME OF MAXIMUM BOTTOM PRESSURES - Goncluded

Time of maximum pressure (sec) on gage number —

Run

23 2y |25 |26 |27 |28 | 29 |30 |31 |32 (33 |3 |3 |36 |37 |38 |39 [k |k |h? | k3
1 |0.035|0.0h0[0.0:7|0.055 0.016 0,026 0,012 }0.017 [0.022 0,026 [0.017| 0. 020 | sammm—| 0,031 | 0.012| 0. 030 {0,012 0. 016 | 0, 02
2| .033| .0h0| . . e | —|  L013] 02| .ci7| .o022] .027| .015| .01 |——~ .031] .022| .031| .012} .015]| .023
3 ) .035| .oho| .O47|me~—=]| JOL7|[ws—~=] .OQ7| .026] .OCQN| .018| .024| .027| .017| .022| .026| .031| .002| .031] .012] .OL7| .026
| -0h9| 058} .O70| ——| .028|—-—| .030| .O42| .032| .036| .OL2| .050| .02Z1| .025} .029| .035| .O17( .037( .019| .022| .032
| .OhS5| 082 059 ——| .026|wvm 032| .ol2| .028| .03k | .OWO| .OLS| .020| .023) .029| .033] .016| .03%| .019] .023] .028
6 l$6 -wh — '039 -Ollh -056 -&7 -c56 -mz -073 -022 » t031 0036 020 0038 noﬁ -029 -d.lo
71 (a) | (a) (o) t——| (&) |~——| (@) | (@) | (&) | {a) | (&) | (@) | .038} .Oh6&| .05L| .06k .oho| .085]| .0S2] .061
8 | .068} .080| .108|~~—| .OL9|. .0591 .080| .082| .108] (a) | (a) | .026] .030| .036| .oho| .026| .OhA6| .033| .038| .Oh7
9 (‘-; (!) (.) ——— (") ("-) (.') (.) (.) (.) (‘) (‘) -wl lwl 060] .072 00’-!9 090 081 (')
10 | (o) | (a) | (@) |—| (a) | (&) | (a) | (a) 5‘) (o) | (a) | (a) | .035] . Oh7| .085] 037 .069| .052| .06kL| .088
11 (‘) 'wa 0093 T e —— -(55 (a) (.) .) (‘) (‘-) (.-) -0% oqlo Ay -055 .039 .m9 -wl qwg .Oaﬂ
12 | .09k | JO8h|~———|——] .066 089 (a) [ (a) | (a) | (a) | (o) | .O30[ .O34| .039| .ohh| .031| .0R1| .OLO|———| OS5
13 | 078} .o90| 320[———]| J063|c——] .07T] .203]| (a) | (a () | (o) | .030| .033] .03%9| .Ohk| .031| .051| . b5 | L053
]Jj .082 .092 -107 — -C55 — 1077 «100 (I) (. (I.) (l) .029 0033 .038 .C‘ﬁ <031 -Go -o’.lo -dls -
15 -107 .127 .137 —— -102 ————| m———— (.) (.) (.; ﬁ'-) (.') -036 .olll it anand -Go 'm' I%O 66 .(ﬁl .M9
16 | J115}F 18] 131 —~—[ 126 Jd61 (a a) | (a) | O3] .Ob7| .050} 056 .053| .06B| .o7h| .OTT .
17 | .030[ .038| .oh2|ww~—=| .8}~ .015| .026| .000| .0Q6 .ORO| .025| 026 ,019| .024} .028| .010| .027( .010 ,OLl6} 025
18 | Lo31| lo3e| Loh2{——o| .CL8|——| 015} l026| .cn2 (015 | 022} 026| 016} coz1| w026 oo -one) .ce8} lore} lasé] lozk
19 | .oth JB1f—r]| 58] JO74] 08| LOTL| .086] L110( .032] .039] .Okh| .OSL[ 0317 .056| 03T} Oh2}| .O5h
20 -052 .w? -ms —— .-036 ——— qaha 063 -olls .052 966 .ws .025 .027 .031[ 1037 1023 .0’42 .026 -032 .0110
ﬂ -wl -66 .Cﬁl —_— ‘036 -0130 -OM.I -Gl -w6 .Cﬁz -023 -027 o033 .035 .021 0038 : oozh lojo 1037
22 | (a) | OTy[——|-———] 120| 085 (&) | () | (a) | (&) | (a) | (w) | .O39} . - 058] .0k2] .08%| .05k .062;.079
23 | .088| .o70} 076} ——| .OSN .063| 076} .082| 089} .095| .105| .027| .031{~——} .OLOf .029| .0bS[ .036) .oh1| .okB
21! .UTB .088 .m - .C69 Arw————| 0083 .112 (ﬂ.) (..) (I) ’ (‘) ———— 00311 'o!ll 00’-15. ‘036 -G? - -550 0(55
25 0071 0077_ QOBh —————— .(ﬁh e | -075 .wa .]_12 a122 -136 -158 et .03,4 n038 .0h3 0033 -ﬁl -md .d.lB -053
26 | (a) | 089 (@) |——| (@) | 098] (a) | (a) | (&) | (a) | (a) | (u) | .Ob®| .DS6] 061} .068| .058| .0%0), .088} .108|-——o
27 ||| (@) j——| (a) “(m) f(a) | (a) [ (a) | (a) [ (a) | .035} 039 .OLh[ .ohB[ .d| .060( .085| .061 .0T1
28 097 .112| .119|———]| .092(~ I (.) (l) (.-) (‘-) (‘) (.) .033| .037 00, -0115 039 0(55 0051 -056 -(ﬁj
29 } .00} .098] (a) [——]| .085|-——] .105] .115| .179| (a) | (a) | () | .035] .039| .oh2| .o47| .Oko| .0B7| .052| .058| .061
30 | .210| .118] ,122|-——]| .120 +160 .035) .o0h2| .0bS| .051] .ay7| .063| 065 070 .

27ero pressurs on gage.

9TQE NI VOV

gc



http://www.abbottaerospace.com/technical-library

NACA TN 2816 23

i
g | ounulzaade anuineaurediaed | og
el U 7?1 Ct~ o m g Bk?OOmTOOQOOH
R NN NO MO Cion M PG & OO I 0 e - o] U oy ~
Al RBAAAAS S WAl i Adlolo duclololod o
H 5 - i o =Bk P
glaonax NG Qo aT O N 8D N ON I A YD O u2rin| 55_ T
5 e a W e aly s [0 ale s s g e Y e ol
N [N e O oy OO 7 B @ 2 N OO - oy .Un..n_uﬁ.ﬂ
o [ CwWwMM O 0D ooy G O - M menlsr O AT T Olm ey Of
~ e 8 b o o o % 8l & % e 4l 0 & o a & & of b « o & o 6 4 o 3 e e w
Ao s A &R S NS0 1IN A © I YOl ons]of oL i
< 1 TN oW Frryeran ey " O
=1 I « 8 ¢ ofe w e afs ....n G » . »
. ale) ] 4 © OlA L0 N b Siojog &
{
SR IR
=11 [ _ _ olocao _
L[] nessmnosomomonadne Wnong o~ o] )
" % e el & v F ol & @9 s e N *+ a ¢ o v o I
b Mo AAnA Y Tl Noov - O el [O|O 1~ oy oo o, o~
L
n ] ganogggn) hn ol o m[o oo TSHOT o
Rk e IR S RN | R £ e e
o~ 2] [ Am e e A 1 a0 g o o
!
a1 adranaannge saaehnakkanesn
N N M A AT A AN oM M (NG TR RO o
L] ) Com o4 oo 15____H—___156 Tt m ©
L I - 9 0 . = 9 . - . 9 = s 4 9 &
L~ o' e "a MloqAn Yo g o|oiHiR A &
L
R RN R IR R IR IRRRIHARRI |1
m V u 853020;585.00 ey W St O - 1 t Iﬂ.l’ﬂ
3 e ek R e N TN AN =R
e [~ N N A fo ot A Ll MM njeoan
= Fo LT = = 0 D = B (=10 © 1nhO © H O 000 v 0 ol lohnme o
o =R A R R A AR R I P ] eI St D i e pt i
" A = =t E?J321 00 0l = 2k o
\ N
- owvm |[=on L) PN Mt S IV O T Oy o e - o [ty i e
[ o T s o ') Pid PR S e o u wa|las oo o e e 8
[~ o~ ol ‘ool “ocopddAldddouaa~ N O I
oy i =il
=] 191____ LRI EG T IGEE 22#7__~ ol
= " e . " & e al a a2 sl a & & »j9 [] L)
e oA o "n losnHae s ©aAo olo|d|o e oy
= ;
A R e I e e R o R s i it e R R G
i SN O [Om =Hrinm o ﬂ562591995075006h137j o
= QI e 0 =[O0 I aweilon obytnm o me [ oo eymio
— [¥-3 . 8 ofe o 8 8 & u » e s ®m s & ® e s 8|8l = u® ol = w| w ow “« s & 8l & & 8 2 s
= N N ¢ 5 N Tl A (o el im0 - | 8 -
‘-I\ =t el L
- N e L B T L S R A e FER Y P e G Y- I
wn @ s v 8{ 06 & a 2| & » @ afj 5 @ @/ «a & 8 a a & o a|l € & wl o' il e e v e e & .« s & LRI »
e A AR ANA (M- oMo ANA A O[O 1 m 32063206h21?
) w \n O hh6h2h5m___5 L | @ o ____05875
= d . .. e w0 e e o8 » = HCRE ] - e
oo ‘oo ‘o "AolmAFHMmA ilejo colalolmednorsO VR B
PR T s C LR e r et
IR R ! il
”177637368.&..".9L95928533753_ —295 RO T (O 8 1= ON U 1% m{UNAD ML O
o~ a2 a o a[l® & a af®w » 8 a2 u @/ ¢ & w s|l &8 u & 8| » o a[ el et s s |l P a a al s s 8 s @ @ al s @
L] e 12111532E311§3226 R Olghs FenAN A ThAr e O ey rfe e
v ocolzeinmino come g moclaam g otmaldineo geinda [ogomadolro
- 2 s v ofe o o sle o o 3]s v 9 > ¢+ sfla u » a0 v s ol e of 0 2" s 0w - ®e
A A et = A A A N 32?1h3325ﬁ7h323210f32L5h132
SEFRERBYRLRSRR R o v A A R S T B i Y
MW\.I o s - O man ™m0 Lt oy B a0 WO U, - o~ L L)
- o & o ol s » a sfa & o ala a afe & &l & & un sfa]a v ajo| ol o]0 &« o] 4 o 2 &|] e & » o s 0 2] T »
| MO O et e N - ey =1 31&h3133h3"33h|ﬂ3hh23hh2,—3212
w |2t ov © elo e i a0 -t e ba on o g sl e S o lrike -0 o @D over g oy ©
-T.m. a o v s/e o & sfe v & a[n & & e o |l a o ¢ wfala a sfe|wln| 9 & 6|8 s @ o]l o 2 8 g v e 0| @
H|@ om0 00 INF-1A D W0 3 [ my (- B0 0 N A IS w0 e b=t e 0N A 1 H(|Ov e
~ - INID @ - v OjMmaoy o A T O L O IT = IF A T O Y P P ey
m CRSRR AERNERINAERARY S E AR BRANEFIS RS ERITNRSAAEE 28
= 2 & o ale o a et e o o 2ld a a]l e s s sf e 0 a o u|le e o]l sl e a e 4|2 s a2 al @ e s of a9 alx »
-l =] o (=} =] hsl lo|e|ale =] (=] o Q
Il =Rl il .—Dm mm.}wn’)m ™, 309&@5%&9m06ww23m B_m mm
- mmmwmmmwmmmw A R T e S e e s E I
& 3 & o & N & 8] & & A2 )]s @ S| 8 & & sl @ & 3 & K| ¢ S| 3 & H & e 2| 2 ¥ & ¢ & 4 2 sV M E
— o o <) =3 o o clo oloiGio lo [+] o o
‘w ~ o~ ~ N ~ m ey e o - = ] L
\ S ] S -~ M - N i o1 : -]
3 el 8 o | o
o~ o~
M ~ - a1 w © |- 9ﬂn o o 3 v |g



http://www.abbottaerospace.com/technical-library

TABLE VI - Continned
IRSTANTANECUS FRESSURE DISTRIBUTIONS - Comtdmred

e

(a) Concluded
T s | ¥y ¥ ‘i" } Presaure (1b/3q in.) at gage mmber —
(dwg)| (sec)| (26) (fpe)|(2) | 23; 2| 25 »6| 27| 28] 29) 30| =m| 32 3| W 3| 36 31 38 39| kol m] k2
0. 0.26| 8.k |3. 0510310 |0 | —o| ~=| 2.7| 7.7| 2,2 3.5] 3.8] 6.2] 2.8 2.5 —| 0 | 2.8 1.2] 25| —
ol * gs 7-2 268 h3[ haT| T 7] ~—]| —[ 1.6] 2.6] o3| 21| 109 201 16 1.3 —| 2.1| 1.5] 2.3 1,7| —
* . 47| 6.0 1. Lb| 19| 2.1) 3| =] —| 1.4] 1.3) 0 | 1.6 1311 1.2} 1.3] ——] 1.3| o8| Wbl 1.1 e
0t 55| 5.3 (3. 7| Leby] 1oB] 18] o] ——f 1.1] B0 [ 1.4} 1.1 ¢3] 1.2 1.3 —] 2,0] 6| =3} L8] —me
0.200 BETII 0 TO [0 [0 [ = —| 2.5 T3] L.B] 3.0 3.8] 5.0 2.1 31— 1.8] O8] 2.h| —2
0.2 | -8 37 7.3 [2.65 3| h6) 22| 0 | —] —] 1.k 22| .8l 108 L?| 1.7 L1 1.0 —| 2.0] .8 2.i| 1.2| —-
. 5| 6.2 11,95 2,01 15] 22| Dd| —! —| 11| 11| 0 | 201] Lo .3 T S| | 1.0] 3] 7] 8] -
070 L55] S.b[1.25 .5}31.0f3.0] d.b] ~—| | 1.1] .Blo |11 2! .. a? 5] ~—| B .30 6 —
0.0280.281 8.7 [3.3d G510 [0 [ —| 1F] —[ 2.8[ B.0| 2.3 2.5 K.0[ 6.9 2.3 3.0 5.3 0 | 1.7[] 1.h] 2.3 2.8
o2 ~O40 38 1.5 (2,78 3.9 h7| L.2] —| 23| —|1.7] 28] 1.0 1.3 1.3] 2,2| 1.2} 1.5| 1.8 1.9| .7| 2.2| L8] 1.8
"] -095] k8| 6.1 |1.93 2.0]1.8) 3.2f —| ~.3| — [ 1.5} 2.2] 0 A13.31 11 9] 1.0f .8 1.0) 0 | —) 1.3| i
2070 577 5.6 {1.30 1.0| .8)3,0| ——| -.8] —] 1,3| .80 8] 9] .9 .7 1.0] 2861 0 | e~ 13| L6 -
0.035 0. T LS —=~=T0 [§ [ ——=<T%.570 .k L&[6.8 0 <d] 5.3 6.0 7.5/ L.B| 3.3| h.5| —~| 8,0
3.2 | 060 b2l S.b (A 5H10.6( —| 1.6] 5] ——| | 2.6] 5.5 507 k.ol 5.8 9.8| 1.6 1.7| 2.1| 2.8 2.8 i.9| 2.1] — 3,5
.070 -59 ZA_B 3- h-a 3-3 5.8 -2 ) e 1.8 1-1 393 1.5 ?'5 3-5 17 oT i p9 1-0 2-0 -9 — 1-7
0,033 0,33 8.6 AOT[ 0 [0 [0 [0 [ —| ——[18.L[ O.AT .71 B | —<T4 3.k L3 G.0f 6.9T Ka3| B.5[ k2] 9.5 0
sl b2 6.9 |5.38] B.9| 21| 1 0 | | —-| 7.3] 5.2} b.8 1B —-| 7.5 2.6| L.7] 1.8] 2.8( 2.3] h.3| 2.1 3.0| o
32| ogdl 50| 4.9 |3.83 1.k heg| 83| 0 | —| -=~] 3.5 1.9] 2.4] 2.0| — | 3.3] .7 1.2 .5 L.3| .8 19| .91 0
2103 64| 1.7 1103 1.1 3.6/3,6{ 0 | —|-—]|Z.3l0 |25 k! — S0 ol -20 3 .3lo0 lo lp
0.0 0.0 7.5 [hB2 & [0 [0 [ —] 5T | —J0 [0 15 T— 0 | 3.7 L3 5.0 7.1| h.7[10.8] S.1] 7.3| 5.1
P -056) .h9| 5.6 [L.h711.3] 2.5] 1.6 —] b.7| ~—~| 5.5 20k 73106 —~) 0 | 2.1f 2.b 2,1 3.6 2.5 h.B| 2.8] 3.5 3.7
3| .om| 57| 3.k 3.8 5.21 7.3 6.8| —| 2030 ] 358 [ 31| Ao3| ook | e 7.h! 1.2 1.4 1.3 1.9] 1.2 1.9] 1.3] 1.7| 1.9
J0h .83 .8 |1, 28] 3,20 3.7} et 3.3] o] 2.6[1.3| 2,5] 3.6} ] 3.3 LB P Y S 4 I o6 .9| .8
9.3 10083 0BT IT138 0 [0 16 [0 [0 [—J¢ (676 o 1o 15 6,7 To7| 9.0] 9.8 8,2[73.2} 8,1]30.5] 1.
0.0k0{ 0. Boj36 0 [0 [0 |6 |0 [—]o [0 o o o 0 6.9(10.0/11.9[1h.5 [10.T| 3.3 [11.8[1%.3] 0
93| w089l 511 S kST L613.2(0 |0 0.2] —[si0 |0 |o o |o | k1l'5i0| 7l 58] coa| 7k h.1| 6.9] 6.6
-0801 .59) 2.4 13-73 8.2| 8.8} 1.3) 0 [s.5) —|s.Ehiaf7.klo o |o | 21| 2.8 2,1| 3.3/ %7| 3.3! 3,9/ 3.9| Lo
12.]; [0.080 5, D IILTI O 6 [0 |6 [0 [6]106 10 0 10 8,1110,1117.8[13,9]12,3] 2,305, k[8.2] 0
1 0.5 0, 20 14,061 0 16 10 T0 9 [0 [0 [o o [6 [0 [0 3o 13.8]——13k,3113.9] 2.1(21,0[—n[ 2.0
12.1 {o0.05k(0 5.1 (k.72 076 [0 [0 2,9 —18 [0 [0 0_Jo 20| 6.0/ —~—T17,1117,31 3,3[2,3] 0 i)
ook 0 T2 BF ok o T o 0.9 —T0 [0 [0 [0 [0 [0 [17.1]23.8—[ Sh[AS 2350 bl—T5
12,k | 2059 55| 6.1 (b85S 1.3 | 23] 7| —| 17| —]o |0 |0 |0 0 |0 | 5.7(13.0|——| 9.6] 8,2(13.3[20.% |-—|13.7
s +63] 3.7 |b66l 1.312,9] 1.h| —|11.8]—{0 |o Jo lo lo lo 520! Bobliewn) Sih)| 7,3 7.0 656 )-m-| 8.3
Q. 0.kol 9.013. 60 0 jo (6 |0 [0 ~~=Jo0 o 070 |0 |0 ] 90——]—[0 [13.3] 2.313.81—1 0
098 Skl 7.2 |hofl 0 [2.9]0 [0 [0 |—]o |0 |ec |0 |o |o b.l|—| | T.k| 7.1[12.1] 8.0 12.2
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TABLE VI - Contimed
INSTANTANROUS PRESSURE IISTRIBUTTONS - Contimied

{b) w = 2389 n;'ca = 0.97
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- 9Tge ML VOVN
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PABLE VI - Concluded
INSTANLANROUS PRESSURE DISTRIPUTIONS - -Concluded

92
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NACA TN 2816

[ 259 A 58 __ 120.78
Deck
Chine
Half-breadth
nl 20.3 -
77
21
10 58
22-2- 120,
Body plan
Station 259 21 58 120,75
Chine
Keel
120.75 >

' Profile

o
Figure 1.- Hull lines of float having = 22% angle of dead rise.

(A1l dimensions are in inches.)
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Figure 2.- Locatlon of pressure gages in float.bottom.
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12
[ Faired line through experimental data
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o .2 .h 06 '8 1.0
-15922, 1b/sq in.
(a) Bun 1; 7= 0.2°
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Peak pressure, Pp, 1b/sq in.

! L | 1

2 3 L

-;:piz, 1b/sq in.

",

(v) Run 16; T = 30.3°,

Figure 3.~ Experimental variation of the peak pressure with -é—pé2 for

two runs.
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16
F —— Equation {(3)
- —— —— —  Eguation (5)
— —— Equation (7)
T~
- ~ Ca
O 0.48 | Average experimental ‘peak-preasure coefficients
O .97 | (See faired lines in figurs 3 for runs 1 and 15,)
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Figure 4.- Experimental and calculated variations of the peak-pressure
o
coefficient with trim. B = 22% .
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Experimentaltpressure distributions

Ca

__O:l;g}aased on 8y

——= .97 Based on 6;

Calculated pressurs distributions

Flgure 5.- Experimentel and calculated pressure distributions.
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32

Experimental pressure distributions

Calculated rressure distribution (based on 63)

(b) T=6.3 A x55.

Figure 5.- Continued.

1
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(c)

Experimental pressure distributions

Calculated pressure distribution (bassd on 03)

T = 12.4°; Cca = 0.48; A ® 1.4,

Figure 5.- Continued.
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3L

(@)

Experimental pressures distributions

Caleulated pressure distribution (based on 64)

T = 20.5°; Cp = 0.97; A = 0.9.

Figure 5.- Continued.

NACA TN 2816
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NACA TN 2816 35

Experimental pressure distributions

Calculsted pressure distribution (based on 03)

(e) 7 =30.3% Cp = 0.48; A % 0.8.

Figure 5.- Concluded.
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9t

2.0 =
Equation (2)
1.6 |- o \ ’
Q o

" CHE R
..3 T,
E
¢ l.2
[ ]
%
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E
4 8 Exparimental datsa:
A Cy
; o o
H 0 97

Iy -

[ 1 I ] 1 1
0 I 8 12 15 20 2h
Trim, T, deg

Figure 6.- The transverse-wave-rise ratioc [K = for a flost having

1° tan Bl
a 225 angle of dead rise.
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. Intersection of model with undisturbed water surface
x
v N Peak-pressure line
¥
. Boundary of wetted area
/

/" :
Extent of non-chine-immersed wetted area
Ext

ent of chine-immerssd wettad area

(b) Geometry for large trims.

\

(c) Geometry for very large trims.

“‘!ﬂ!;!F’

Psak-pressure point

Figure T.- Wave rise and velocity relations for a prismatic V-bottom
surface.

NACA-Langley - 11-12-52 - 1000
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