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NATIONAL ADVISORY COMMITTEE FOE AERONAUTICS 

TECHNICAL NOTE 2111 

A STUDY OF WATER PRESSURE DISTRIBUTIONS DURING LANDINGS WITH 

SPECIAL REFERENCE TO A PRISMATIC MODEL HATING A HEAVY  > 

BEAM LOADING AND A 30° ANGLE OF DEAD RISE 

By Robert F. Smiley 

SUMMARY 

A landing investigation is being conducted at the Langley impact 
basin to obtain some quantitative measurements of the distribution of 
water pressure during landings, which may serve as an aid in the estab- 
lishment of seaplane design criteria and in determining the value of 
the existing hydrodynamic pressure theories. This paper presents pres- 
sure measurements obtained on a 5-foot prismatic model having an angle 

of ffit ri^Vf 3ft  a beam °f X f°0t' **  a ^-loading coefficient 
of lö.ö. This model was subjected to smooth-water landings at fixed 

mLL^Ptf*r k"  f0r a range °f flight"path "*" from 

Initial impact conditions and maximum pressures are presented for ' 

^itww?f t°Sether W"h time histories of the velocities and pressure 
distributions for several representative landings. The instantaneous 
pressures for a given draft, trim, and location on the hull bottom are 

to^he keel dlreCtly ProPortloi^l to the square of the velocity normal 

iT^wr^T8 °f ^ exPerimental Pressures and theoretical pressures 

INTRODUCTION 

Inasmuch as the magnitude and distribution of the hydrodynamic 
loads imposed on seaplane hulls during landings is a matter of concern 
to seaplane designers, an appreciable amount of research has been con- 
ducted to obtain reliable means of predicting these loads. In recent 
years much of this research has been'concerned with the over-all loads 
problem for some phases of which theories have been developed and sub- 
sequently substantiated by experimental investigations. In general 
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however, a pledge ef the over-*!! ^J^*£™£fi£?%r 
for local structural ^^/-^^.^HL nSl oottom auch that 
irregular pressure gradients usuaxxy exist over. 
Se focal pressures greatly exceed the average pressures. 

Much of the available information relevant to the Problem of deter- 

to 3 heln^ concerned primarily with the pressures on traverse sections, 

■uhP-r-p the chines are immersed in the iiuia. üOUJK G^± 

SJS^S ^ - and -or^rlae J-^-«^«. 
the solution of the problem 01  nyoruu.yii 4Tnipq+1mtion and hy further 
remain to he filled hy accurate experimental investigation ana oy 

theoretical  studies. 

Ac a step to provide more extensive hydrodynamic pressure-distrihution 

datafiLrg ^ 
r^ loaSng! leSsTave h^ completed on ;.model having 
heam-loading coefficient of 18.Ö,  a heam of 1 foot,  and ^^ 
matic section having an angle of dead rise of 3^F*£ ^ 

vere made in smooth ^f^^/^^^ng Time histories of the pres- 
flicht-path angles;  and during eacn j.aiiu.j.iig,  "^ 
surfs, velocities, and overall loads were recorded. 

This paper presents the experimental £-J»T£?£E££ ^show 

su^eslnd theoretical pressures from references 1 to 4 in order to 
:ZhlSh the value and limitations of the various theories. 

SYMBOLS 

"beam of model, feet 

wetted semiwidth at any station along keel, feet 

equivalent planing velocity, feet per second 

acceleration due to gravity, 32.2 feet per second per second 

P-) \sin T/ 
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» h 
/« - 2ßA 

theoretical constant I —J 

"k theoretical constant defined in appendix B 

m mass of model, slugs 

P instantaneous pressure, pounds per square inch 

s longitudinal distance from step to any point on hull bottom, 
feet 

• s instantaneous velocity of model parallel to keel, feet per 
second (i cos T — y sin T) 

t time after water contact, seconds 

u theoretical constant (— tan ß) 

V instantaneous resultant velocity of model, feet per second 

Vw wave velocity, feet per second 

Vwi wind velocity, feet per second 

* X transverse distance from keel to any point on hull "bottom, 
feet 

» 
X instantaneous velocity of model parallel to undisturbed water 

surface, feet per second 

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

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

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

z instantaneous acceleration of model normal to keel, feet per 
second per second 

¥ 
ß angle of dead rise, degrees 

ße effective angle of dead rise, degrees 
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7       instantaneous flight-path angle, degrees 

X auxiliary variable used for integration and as a parameter in 
appendix B, radians 

u theoretical constant (£ tan ßeJ 

mass density of water, 1.938 slugs per cubic foot P 

T       trim, degrees. 

T       angle of wave slope 

Subscripts: 

a       two-dimensional flow 

o       at water contact 

p       peak value 

r       radian measure 

Dimensionless variables: 

CA      beam-loading coefficient [—-) 
A ^,3/ 

pressure coefficient based on z 

¥■' 

¥ ,2 

W 2 

pressure coefficient based on f 

pressure coefficient based on V 

APPARATUS 

The investigation was conducted in the Langley impact basin with 
the test equipment and instrumentation described in reference 9. The 
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test model was 1 foot wide and had a dead-rise angle of 30° and a pris- 
matic section for a length of 5 feet. The lines and pertinent dimensions 
of the model are shown in figure 1 and a photograph of the model is 
shown 'as figure 2. 

The instrumentation used to measure horizontal velocity and vertical 
velocity is described in reference 9. Accelerations in the vertical 
direction were measured by a standard NACA air-damped accelerometer 
having a natural frequency of 16.5 cycles per second with approximately 
O.65 critical damping and a range from -lg to 6g. Pitching moments 
were obtained from an electrical strain-gage—type dynamometer. The 
times of water contact and exit of the model were determined by means of 
an electrical circuit completed by the water. Pressures were measured 
with 20 gages distributed over the hull bottom as shown in figure 1. 

These gages had flat --inch-diameter diaphragms which were mounted flush 

with the hull bottom. Motion of a metal rod attached to the center of 
the diaphragm unbalanced an inductive electrical bridge circuit inside 
the gage. The resulting current, proportional to the pressure on the 
diaphragm, was amplified by 5000-cycle carrier amplifiers and recorded 
on a 2k  channel oscillograph. Natural frequencies of the gages were 
approximately 33OO cycles per second and the response of the recording 
system was faithful to at least several hundred cycles per second. A 
typical oscillograph record is shown in figure 3. 

PRECISION 

The instrumentation used in these tests gives measurements that are 
believed accurate within the following limits: 

Horizontal velocity, feet per second ±0.5 
'Vertical velocity at water contact,_feet per second .....!." ±o.*2 
Weight, pounds    +p 
vertical acceleration, percent  . +5 
Pitching moment about step, percent  . . .    ±Q 
Pressure, pounds per square inch a±2 ±0.1p 
Time, seconds  .  ±0.005 

T'here are some indications of larger errors due to frequency response 
for runs 6 and 7. 

TEST PROCEDURE 

The model was tested at 0° yaw and at fixed trims of 6°, I50, 300, 
and 45 in smooth water. A series of landings was made with the model 
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loaded to a weight of 1172 pounds, which corresponded to a "beam-loading 
coefficient of 18.8. The flight-path angle was varied over a range from 
approximately 3° to 20° for the tests with 300 and k^>°  trim, from 2° 
to 6° for the 15° trim, and was limited to 2° for the 6° trim. Most of 
the landings were repeated under as similar conditions as possible in 
order to check the consistency of the experimental measurements. 

During each landing a compressed—air engine (described in refer- 
ence 9\ exerted a vertical lift force on the model equal to its weight 
so that the model entered the water with constant vertical velocity; 
otherwise the model was free to move in the vertical direction. The 
model was attached to a towing carriage weighing approximately 56OO pounds. 
Because of this large added carriage inertia the model did not slow down 
significantly (horizontally) during any landing. 

RESULTS 

The basic data obtained from the present investigation are presented 
in tables I and II and in figure k.    The initial vertical velocities, 
horizontal velocities, and trims for all runs are presented in ta*ble I 
together with the values of the maximum pressures recorded on each pres- 
sure gage. In table II are tabulated the instantaneous vertical veloci- 
ties corresponding to the peak pressures for several of the pressure 
gages. The corresponding instantaneous horizontal velocities are sub- 
stantially the values given in table I since the change in horizontal 
velocity during any impact was small. In figure k extensive time- 
history pressure distributions are given for one run at each trim 
together with several less extensive distributions from other'runs. 
(The boundary of the wetted surface as indicated in this figure was 
arbitrarily drawn as a straight line slightly forward of the line of 
maximum pressure'. These lines are believed to give a reasonable estimate 
of the wetted area, but they do not necessarily give an accurate repre- 
sentation of the wave rise.) 

In order to provide an independent check on the accuracy" of these 
pressure data the following procedure was used: For several runs, pres- 
sure distributions were read at the time of maximum load on the model. 
These distributions were integrated to obtain the maximum vertical load 
and the pitching moment about the step at the time of maximum load. In 
figure 5 the results of these integrations are compared with the corre- 
sponding values obtained from the accelerometer and load-*neasuring 
dynamometer.  (The dynamometer measured the pitching moment about an 
axis remote from the step. In order to transfer this moment to the step 
the accelerometer reading was used.) The close agreement of these inde- 
pendent measurements appears to substantiate the over-all reliability of 
these pressure measurements. It is realized that this check does not 
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preclude the possibility tliat the pressure gages did not respond faith- 
fully to the localized high-frequency pressure transients which occurred 
near the pealr pressures during some of these landings since such local- 
ized effects would have had little influence on the over-all integrated 
pressure distributions. Analysis of the data (to he discussed subse- 
quently) indicates, however, that-in general the peak values are also 
reliable. 

DISCUSSION 

Independence of Pressure Coefficient —£- and Flight-Path Angle 

Pressure-distribution data from figure 4 are plotted in figures 6 

to 9 as the variation of the dimensionless pressure coefficient   P 

for various immersions and trims. Data for different landing conditions 
and for the same immersion and trim have been superimposed in the same 
three-dimensional plots. 

From theoretical considerations discussed in appendix A it would 
be expected that these pressure coefficients would be essentially inde- 
pendent of the instantaneous flight-path angle or, for a given trim 
draft, and location on the hull bottom, the pressures should be directly 
proportional to the square of the velocity normal to the keel. That such 
is the case can be seen by an examination of figures 7 to 9. For the 15° 

formf^h+in J^J(c) the pressure coefficient appears fairly constant 
for flight-path angles of 0.6° and 5.7°. An apparent reduction in peak 
pressure occurs for runs 6 and 7; however, these two runs had the highest 
vertical velocities of the 15° trim runs and the pressure transients in 
the vicinity of the peak pressures may possibly have occurred too rapidly 
to permit the recording system to follow them accurately. The additional 
15 trim data in figure 7(d). show much better agreement between the 
pressure coefficients at flight-path angles of -2.4° and 4.5°. For the 
trim of 30 , the pressure coefficients for different flight-path angles 
are closely similar, for angles of 2.3°, 9-0°, and 19.2° in figure 8(b) 
and for angles of 7.1° and 18.2° in figure 8(c). Similarly, at 45° trim 
the agreement is good for flight-path angles of 1.5°, 8.9°, and 18.1° in 
figure 9(b) and for angles of -4.4°, 6.3°, and 16.1° in figure 9(c). In 
summary, the experimental pressure coefficients obtained during this 
investigation appear to be relatively independent of the instantaneous 
flight-path angle.  (This observed general independence of the pressure 
coefficients and the flight-path angle serves to indicate that most of 
the experimental data, including the peak values, are free from frequency- 
response errors inasmuch as any such effects would, in general, produce 
an apparent variation of pressure coefficient with flight-path angle.) 
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■ ' P Distribution of Pressure Coefficient -—- 

The forces on non-chine—immersed transverse sections of a prismatic 
float (fig. 10) are generally considered- to be relatively independent of 
the wetted length. Consequently, this model at any given trim would be 
expected to have a characteristic (of the trim) pressure distribution on 
the triangular projected area, the transverse sections of which have no 
chine immersion. Prior to chine immersion this characteristic pressure 
distribution should be reduced near the step to conform to the condition 
of approximately atmospheric pressure at the step. Subsequent to chine 
immersion, when a rectangular pressure area is present aft of the tri- 
angular area (fig. 10), less step effect exists and the pressures on the 
triangular projected area should be somewhat larger than was the case 
prior to chine immersion. Aft of the triangular area, in sections where 
the chines are immersed, the pressures should decrease so that they 
approach zero near the step. As the wetted length increases the longi- 
tudinal pressure gradients should then become smaller. The experimental 
data in figures 6 to 9 show all these expected trends. In addition at 
the 6° trim (fig. 6) small localised negative pressures occur near the 
step. 

Variation of Pressure Coefficient —^—   with Trim 

Transverse sections without chine immersion.-At very small trims 
of a few degrees or less the flow about non-chine-immersed sections of 
a fixed-trim prismatic hull'(fig. 10) may be considered to occur in two- 
dimensional planes stationary in space and oriented normal to the keel 
(references 10 and ll). Then for very small trims the pressure coeffi- 

cient  p   (acceleration effects being neglected) should be the same 

at each transverse section and should be independent of the trim. Wagner 
(references 1 and 2) has given approximate equations for the pressure 
distribution for this limiting case (see appendix B). The theoretical 
pressure distribution for a dead-rise angle of 30° was calculated from 
these equations and is shown with the experimental data both in figures 6 
and 7.  (Because of .the large differences in magnitude between the experi- 
mental and theoretical pressures at the 30° and k-5°  trims, this theoretical 
distribution has been omitted in figs. 8 and 9.) Fair agreement is seen to 
exist with the theory at the 6° trim' except in the vicinity of the step. . 
At the other trims (15°, 30°, and ^5°) the agreement is poor, the theoret- 
ical pressures being much larger than the experimental pressures. Thus, 
the simple assumption of the Wagner-type flow in two-dimensional planes 
normal to the keel is indicated not to be satisfactory for the range of 
trim of the present investigation. 
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It is evident from figures 6 to 9 that the experimental pressure 
coefficients do decrease with increase of trim. At the low trims (6 
and 15°) there are large peaks at the edge of the wetted area. At the 
higher trims (15° and 30°) the coefficients tend to become higher at the 
keel and lower toward the chines. Some consideration of this effect has 
been made by Pierson (reference 3). He has determined an effective dead- 
rise angle which depends on the trim and dead-rise angle (appendix B). 
Wagner's equations are used with this effective dead rise rather than, 
with the actual dead rise in order to calculate the pressure coefficient 
at a finite trim. Pressure coefficients calculated with the use of this 
modification of Pierson's are shown in figures 6 to 8. It is seen that,, 
except in the vicinity of the step, good agreement exists with the experi- 
mental data at the trims of 6° and 15°. The theoretical pressures are 
too small at 30° trim and no comparison is possible at 45°.  (Since the 
effective dead rise given by Pierson in reference 3 is only an approxi- 
mation which was used there for a 6° trim, it was hardly expected to he 
valid for the extreme trims of this investigation. Also it is evident 
that the approximation is invalid at trims above 33° for this dead rise 
since sin ße > 1.) 

Transverse sections with chine immersion.- Figures 6 to 9 show that 
at all trims the transverse pressure distributions on chine-immersed 
sections (fig. 10) are approximately elliptical and are smaller than or 
equal to the pressures on the sections without chine immersion. At 
the 6° trim the longitudinal pressure gradients along the chine-immersed 
length of the float are generally small. At the 15° trim large longitu- 
dinal pressure gradients occur. Above 15° trim for a given wetted length 
the longitudinal gradients decrease with increased trim. 

As a theoretical approach to the pressures on chine-immersed sec- 
tions Korvin-Kroukovsky and Chabrow (reference 4) have presented a 
derivation for the pressure on a two-dimensional wedge with chines 
immersed in a fluid with separated flow behind the wedge. As a first 
approximation the resulting equations are applied to the three-dimensional 
case by considering the flow to occur primarily in two-dimensional planes 
normal to the keel (appendix B). With the use of this modification, 
theoretical pressure distributions were calculated and are shown in 
figures 6 to 9 together with the experimental data. The theoretical 

pressure coefficients -J2_ predicted in this way are always less than 

if1 

one and are the same at each transverse section; whereas an examination 
of figures 6 to 9 shows that the experimental data for chine-immersed 
sections of the hull show in general much larger coefficients and longi- 
tudinal pressure gradients. At 6° trim the pressure is approximately 
four times the predicted value. As the trim or wetted length increases 
the pressure coefficients decrease until at the largest trim (45°) and 
longest wetted length fair agreement exists between^the theoretical and 
experimental pressures. 
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Effect of Deceleration 

In the preceding discussion and in the theoretical pressure distri- 
butions plotted in figures 6 to 9 no consideration was made of the effect 
of the deceleration of the model on the pressure distribution. If the 
model is decelerating in the direction normal to the keel (as in these 
tests), negative increments of pressure will exist which as a first 
approximation are proportional to the deceleration of the model and are 
distributed elliptically over the wetted width (appendix B).. The maximum 
theoretical negative increment of pressure according to this first 
approximation is pzc, which quantity (for the conditions of these tests) 
was always less than 1 pound per square inch which is of the same order 
of magnitude as the experimental error. Consequently, rather than to 
complicate greatly the comparison of experimental and theoretical dis- 
tributions by the consideration of this term it was considered better to 
omit the term. 

Peak Pressures 

The peak pressure coefficients obtained during this investigation 
were the largest near the keel. Outboard from the keel the peak pres- 
sure coefficients were slightly smaller and near the step they were con- 
siderably smaller (figs. 6 to 9)• The slightly higher pressures at the 

keel may be partly attributed to a j- —inch radius rounding of the keel, 

but that this rounding would have had any substantial effect is unlikely. 

PP At low angles of trim the peak pressure coefficient      should 
ipz2 
2 

be independent of trim and wetted area. According to Wagner this value 
for small angles of dead rise (ß -> 0)  is (appendix B) 

ä^(footß)2 
2^ 

PP At very high trims the peak pressure coefficient y—- should become 

smaller and approach the value (appendix A) 

1-2   ,2 -pz   sin T 
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..,■-, Pp 
or the peak- pressure coefficient —^ should approach 1. The peat 

2 
pressures for the three gages which had the highest pressures throughout 

these tests are plotted in figure 11 against |pz2. These particular 

gages (numbered as 5, 6, and 7 in fig. 1) were located near the keel at 
positions removed from the step. The faired straight lines drawn through 
the data were used to obtain peak pressure coefficients for each trim. 
These peak pressure coefficients are plotted in figure 12 against trim 
as a percentage of the limiting value at 90°, that is, as the coeffi- 

Pp 
cient     . The experimental data are seen to agree fairly well with 

Wagner's theory and with Pierson»s modification for trims below 1-5°. At 
higher trims neither theory is adequate and the data rapidly approach the 
upper limiting value of 1. An empirical formula 

Pp _     it2tan2T , * 

.Tjpf2  rt2tan2T + 4 tan
2ß 

is shown which does fit the two endpoints given by equations (l) and (2) 
(T—^0° and T—> 90°) and which is in fair agreement with the experi- 
mental data over the entire range of trim. 

Whereas an analysis of the data in terms of the peak pressure coef- 
PP      PP 

ficient -—- or -—- was most expedient, for practical purposes, the 
%>'* %>* 

use of a pressure coefficient based on the resultant velocity is desir- 
able. Equation (3), so converted, becomes 

Pp       it2sin2(r + T) 
(3a) 

ppV2  it2sin2T + 4 tan2ß COS2T 

This coefficient is shown in figure 13 as the variation of the peak 
pressure coefficient with trim for various flight-path angles. The 
maximum coefficient at each trim is also shown. 
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CONCLUSIONS 

From an analysis of the experimental data obtained during a smooth- 
water landing investigation of a prismatic float having a high beam- 
loading coefficient, the following conclusions may he drawn: 

1. For a given trim, draft, and location on the hull "bottom the 
instantaneous pressures are directly proportional to the square of the 
velocity normal to the keel hut are independent of the instantaneous 
flight—path angle. 

2. In the region forward of the immersed chines 

a. At the low trims (6° and 15°) large pressure peaks exist 
at the edge of the wetted area. At the higher trims (30° and 45°) 
the distributions tend to "become higher at1the keel and lower 
toward the chines. 

h. The ratio of pressure to the square of the normal velocity 
decreases with increased trim. 

c. Wagner's theory gives a pressure 'distribution which is in 
fair agreement, with the 6° trim data except in the vicinity of the 
step. At the other trims (l5°V 30°, and ^5°) the agreement is 
poor, the theoretical pressures being much larger than the 
experimental pressures. 

d. Pierson's modification of Wagner's theory gives a pressure 
distribution which, except in the vicinity of the step, is in 
good agreement with the experimental data for the 6° and 15 trims. 
The theoretical pressures are too small at the 30° trim. 

3. In the region where the chines are immersed 

a. The longitudinal pressure gradient is small at the 6 trim, 
large at the 15° trim, and decreases with further increases of trim. 

b. Use of the two-dimensional analysis of Korvin—Kroukovsky 
and Chabrow gives theoretical pressures which are in general smaller 
than the experimental pressures, but at the largest'trim (45°) and 
longest wetted length fair agreement exists. 

k.  Wagner's and Pierson's equations give a fair estimate of the 
largest peak pressures for trims below 15°, but are inadequate for the 
higher trims. 
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over 
5. The largest peak pressures can toe represented with fair accuracy 
the entire range of trim by the empirical equation 

Pp =    Jt2sin2(y + T) 

ipv   it sin T + 4 tan ß cos2' 

where p- is the peak pressure, p is the mass density, V is the 

resultant velocity, T is the trim, ß is the angle of dead rise, and 
7 is the flight—path angle. 

Langley Aeronautical laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va., February 17, 1950 
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APPENDIX A 

REMARKS ON THEORETICAL BACKGROUND 

Landing Impact 

In the impact of long narrow prismatic floats (fig. 10) the instan- 
taneous pressures can "be considered as a first approximation to he com- 
posed of two terms: one proportional to the square of the instantaneous 
velocity of the model normal to the keel, and one proportional to the 
acceleration normal to the keel (references 10 and 11). For the special 
case of a model having a wing lift equal to the model weight and when no 
other external forces are present (as was the case for the model of this 
paper) the sum of the two force terms (proportional to z2 and z) is 
proportional to the normal acceleration of the model (from Newton's 
second law) from which fact it is evident that the normal acceleration 
is proportional to the square of the normal velocity. The factor of 
proportionality varies with the impact geometry (shape of model, trim, 
and draft) and the team-loading coefficient. Then for this special case 

the dimensionless pressure coefficient based on the normal velocity -—- 

for a given location on the hull bottom, should depend only on the impact 
geometry and the beam-loading coefficient. Also, if the ratio of the 
acceleration force to the velocity-squared force be small (which may 
often be the case for heavy beam loadings) then, regardless of the 

wing lift and beam loading, the pressure coefficient =—p should 

depend essentially only on the impact geometry and should be inde- 
pendent of the beam loading. 

Relation to Steady Planing 

The preceding discussion indicates that for a long narrow prismatic 
model the steady planing condition differs from the corresponding impact 
condition (same draft, trim, shape of model, and normal velocity) only 
by the effect of normal acceleration. The impact-velocity^component 

corresponding- to the steady planing velocity (which is   *   in terms 

\     z • of the normal velocity) is —  = x + y cot T = f. Then since in 
/    sin T 

steady planing all pressures are less than or equal to the dynamic 
pressure corresponding to the resultant planing velocity (buoyancy being 
neglected) and the peak pressure approaches this value at high trims, 
the same should be true during impact for the velocity f. 
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In general, the acceleration on a float during impact is negative 
or opposite to the direction of normal motion (as was the case through- 
out these tests) such that negative increments of pressure are created 
on the hull bottom. Then, in general., the impact—pressure coeffi- 

cients   P  should he somewhat less than the corresponding planing 
§Pz2 

coefficients. 
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APPENDIX B 

EQUATIONS FOR THEORETICAL PRESSURE DISTRIBUTIONS 

Wagner (reference l) has presented a derivation for the pressure 
distribution on a two-dimensional symmetric body of small slope dropping 
on a smooth fluid surface. 'The resulting equation is 

(Bl) p . 
p 

y2 
a 
u t 

1 

-0 

d^a + —- 

if      " 
¥■ -x2; 

1 
2 

( 

Va2 

:s2 - ■ i 

where c is the wetted semiwidth of the body, x is the width corre- 
sponding to any point on the body, Va is the two-dimensional velocity 

of the body, and u . is | tan ß for a V-bottom surface. For the case 

of a three-dimensional prismatic float at an angle of trim, Wagner 
(reference 2) gives the velocity corresponding to Va as 

V, V7r + (V - Vwl)T + V (B2) 

where Vwl is the wind velocity, Vw is the wave velocity, and t, 

the wave slope. In the absence of wind and waves this is 

TJ   1S wr 

Va = V(7r + Tr) •■    (B3) 

Since Wagner considered small angles, equation (B3) is essentially 

Vo = V. sin(7 + T) = z (B^) 'a 

(Equation (B4) is seen to be equivalent to the statement that the flow 
about a prismatic float at an angle of trim occurs primarily in two- 
dimensional planes stationary in space and oriented normal to the keel.) 

Combining equations (Bl) and (B4) with u = | tan ß gives a first 

approximation for the transverse pressure distribution on a V-bottom 
float at sections having no chine immersion 

+ pz /c2 - x2 (B5) 

(0 
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where the first two terms are seen to give the pressure for constant 
velocity and the last term is proportional to the normal deceleration 
of the float. Pierson (reference 3) has modified Wagner's equations to 
include better the effects of trim. For the case of steady planing he 
gives the equation 

P 
pz2/   1 2 

V  I I 77^  .   .0 I (B6) 

,   "(I)2   (If- 
where u = | tan ße and ße, called the effective angle of dead rise, 

is defined by the relation sin2ße = sin
2ß + ^ sin2T. Then, 

P 
= IpA^" cot ßft _ 

2 f¥ &" 
(B7) 

The peak pressures on the float are given by Wagner (reference 2) 
for small angles of dead rise (ß—}0)  as 

■ m PP = 2^/ (B8) 

where 

dt   u 

Combining equations (B4) and (B8) with u = £ tan ß gives 

1 *2fjt2   2 1 Pp = 2^ ^ cotdßJ (B9) 

Modified peak pressures may be obtained from the maximum value of 
equation (B7). 
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Korvin-Kroukovsky and Chabrpv (reference k)  have presented a deri- 
vation for the pressure distribution on a symmetric two-dimensional 
vedge completely submerged in a fluid, moving normal to the stream, and 
having steady separated flow behind the vedge. The resulting pressure 

equation is 

P = jPVa 
f cos A. 
\X  + sin A, 

2h 

vhere A. is defined by the relations 

ß /  (1 + sin X)h(cos A.) ~  sin X dA. x = 2kb cos 

(BIO) 

y— h 1—h 2 (1 + sin A,) (cos X)       sin A, dA 
0 

and 

h = 
* - 2ßj, 

By combining equations (B4) and (BIO) a first approximation is obtained 
for the pressures on chine-immersed sections of a V-bottom hull 

1^2 p = gpz 1 - 
'    cos A. 

.1 + sin A/ 

.2h 
(Bll) 
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st peak and maximum pressure 

2nd Deak 

»iiiiitii    i '  ■«■■  »    '  *•" 
<■     ■■   [W_—-jo' feet—•*-!":■] 

Run 21 ^NACA, 

Figure 3.- Typical oscillograph record. 
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