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NATIONALADVISORYCOMMITTEEFORAERONAUTICS

TECKNICALNOTE2817

..- .

A THEORETICALANDEXPERIMENTALINVESTIGATIONOF TEE

EFFECTSOFYAWON PRESSURES,FORCES,ANDMOMEilTS

DURINGSEAPLANELANDINGSANDPLANING

ByRobertF. Smiley

suMMARY

A theoreticalinvestigationwasmadeofthehydrodynamicforcesand
momentsexperiencedduringyawedwaterlandingsandplaningof seaplanes
ofarbitraryconstantcrosssection.Equationsaredevelopedforthe
sideforce,therollingmoment,theyawingmoment,thepressuredistri-
bution,andthepeakpressure.Forthespecialcaseof thenon-chine-
immersedstraight-sidedwe~e, theseequationsaresuchthatthetime
historiesofthesideforceandrollingandyawingmomentscanhe

● expressedas familiesof generalizedcurves.

Experimentalmeasurementsof thesideforce,therollingand
q yawingmoments,thepressuredistribution,andthepeakpressure,

obtainedduringlandingandplaningtestsmadeintheLangleyimpact
basinwitha floathavinganangleof deadriseof22.5°,arepresented
andcomparedwiththetheoreticalpredictions.Thelandingtestscov-
eredyawanglesbetweenOo and120fortrimsof 3.20,6.30,and9.30
andtheplaningtestscoveredyawanglesof 60and90 fortrimsof6.3o
and9.3°. In general,theexperimentaldata
agreementwiththecorrespondingtheoretical

INTRODUCTION

appeartobe inreasonable
predictions.

In recentyearsmuchexperimentalandtheoreticalresearchhasbeen
directedtowardtheobtainingof informationconcerningthemotionsand
hydrodynamicforcesexperiencedduringthelandingorplaningof sea-
planes.Forthecaseofthesymmetricallandingorplaningmanytheo-
reticalandexperimentaldataarenowavailable(refs.1 to22). For
thecaseofunsymmetricallandingorplaning,however,verylittleexper-

. imentaloranalyticalworkhasbeendone(refs.23 to25).

Thepurposeof thispaperisto approachthisproblemof unsymmetrical.
loadsby a theoreticalandexperimentalstudyoftheeffectsofyawon
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seaplaneloadsandmotions.Theanalysisdeals,ingeneral,withthe
treatmentofyawforcesonhullsofarbitraryconstantcrosssection
anddeals,inparticular,withthecaseofa widestraight-sidedwedge.

A studyismadeofthepressuredistribution,sideforce,and
rollingmomentoccurringduringthetwo-dimensionalyawedimpactofa
symmetricalbodyona smoothwatersurface.Theproblemoftheoblique
yawedimpactandplaningofa three-dimensionalbodyofarbitrarycon-
stantcrosssectionisthensolvedby theuseoftheresultsof thetwo-
dimensionalanalysis.Aftera considerationof severalconstant6needed
fortheoreticalcomputations,experimentalimpactandplaningdata
obtainedfromtestsintheLangleyimpactbasin,whicharedescribed
intheappendixofthispaper,arecomparedwiththecorrespondingtheo-
reticalpredictions.

SYMBOLS

Anyconsistent-setofunitsmaybe usedunlessotherwiseindicated.
Barsoversymbolsindicatetheaveragevalueof.thequantitiesinvolved.

A

a~

a!.

B,Bl,B2

b

c

E>El)E2

Fl,F2

‘c

‘T

hydrodynamicaspectratio,

(Wettedlengthatkeel)2
Wettedareaprojectednormal

perpendiculardistancebetween
moments

distancebetweenstepandaxis

tokeel

keelandaxisofrolling

ofyawingmomentsmeasured
paralleltokeel ‘

side-forcefactors

besmofhull

wettedsemiwidthofhull

rolling-momentfactors

totalhydrodynamicforce

*

.—

inanytransversesection

ontwosidesof a wedge

hydrodynamicforcenormaltokeel(parallelto (-axis)

hydrodynamicforceperpendicularto seaplaneplaneof
symmetry(paralleltoq-axis)

—

6

.

.
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f($).

G
.

g

H

J

K

II

Mg

b

nl,n2

Ili7

Iliw

P

R

%lch

‘rich

‘9

dead-risefunction

yawing-momentfactor

accelerationduetogravity;32.2ft/sec2

perpendiculardistancebetweenkeelandplaneof chines

wettedheightofhullinanytransversesection

empiricalfunctionof angleofdeadrise

constantforpressurecalculations,

(3
K%~l-

)

t~2~ ~os~ - t~ ~ sin2J3

1.7X2 3.3x

longitudinal-wave-riseratio

hydrodynamicrollingmomentaboutan axisparalleltog-axis
andin ~C-plane;themomentisconsideredpositiveif it
tendsto decreasetheangleofdeadriseon sideofhull
havingthelargestimpactforce(advancingsideofhull)

hydrodynamicyawingmomentaboutanaxisparallelto~-sxis
andin ~~-plane;themomentisconsideredpositiveif
ittendstoreduceangleofyaw

twosidesof a thickrectangularflatplate

F’Jside-forceloadfactor,
w

verticalloadfactor,~
g

instantaneouspressure

transverse-wave-riseratio

wettedareaofonesideofseaplaneprojectednormal
planeof symmetryof seaplaneat chineimmersion

to

increaseofwettedare~of onesideof seaplaneprojected
normaltoplaneof symmetryof seaplanesubsequentto
chineimmersion

.
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z
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B

t

v

‘c

7
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v

w

w

X,Y,Z

xf,Y’jz’

NACATN 2817

wettedareasoftwo sidesof seaplanepojectednormalto
theX-axis

distancebetweena givenflowplqneandkeel-water-surface
intersection(parallelto lj-axis)

timeafterwatercontact

velocityofhullrelativetoundisturbedwater

velocityofhullnormaltokeel(parallelto ~-axis)

accelerationofhullnormaltokeel(Tarallelto <-axis)

velocityofhullperpendicularto seayhneplaneof symmetry
(paralleltoq-axis) -- .—

localfluidvelocityrelativetobodyatbodysurface

weightofhull

thicknessofa rectangularflatplate

coordinateaxeswithrespecttoplaneof seaplanelanding;
X-axisisinplaneof seaplanemotionandisparallel
towatersurface,Z-axisis inplaneof seaplanemotion
andisperpendiculartowatersurface,andY-axisisper-
pendiculartoX- andZ-axes

x-,Y-,Z-coordinateaxesrotatedabouttheZ-axisthrough
yawangle;X’-axisis inplaneof symmetryof seaplaneand
isparalleltowatersurface,Z[-axisisinplaneof s~-
metryof seaplaneandisperpendiculartowatersurface,
andYt-axisisperpendiculartoX’-andZ’-axes

.* -

.
-.

.-

—

horizontalvelocityofhull(paralleltoX-axis)

horizontalaccelerationofhull(paralleltoX-axis)

vertical

vertical

vertical

constant

angleof

displacementof step(paralleltoZ-axis)

velocityofhull(paralleltoZ-axis)

accelerationofhull(parallel@ Z-axis)

forfree-lateral-motionsolution;
2

[f(P)~q(A)

deadrise,radians

averageangleofdeadrise, tan-l2H—, radians
b

gammafunction

—
s

.
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e

IT(A)

flight-pathangle

transverseslopeofhullsurfaceatanypoint

penetrationofhullnormaltokeel(parallelto ~-axis)

approximationfor Vg7 kSin7+k C0ST

approximationfor +[> 2sin T+”icos T.

absolutevalueoftransversedistancefromcenterof
model(paralleltoq-axis)

effectiveangleof deadrise

parameterusedinequation(29)

coordinatesxeswithrespectto seaplane;the~-exisis
inplaneof symmetryofseaplaneandisparalleltokeel,
theq-axisisperpendiculartoplaneof symmetryof sea-
plane,andthe~-axisisperpendicularto g-andq-axes

distanceforwardof step(parallelto ~-axis)

massdensityofwater,1.938slugs/cuft fortests

trim

velocitypotentialon surfaceofbody

aspect-ratiocorrection

yawingle

Subscripts:

a restrictedsidemotion

ch at chineimmersion

Cp centerofpressure

f freesidemotion
●

Inax! maximum
.

0 atwatercontact

.
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P

u

1

2

Dimensionless

R

cd

Ct

Cv or Clqf

peak

unyawed

normalflow

transverseflow

variables:

sinT
approachparameter,~ cos(T+7~)

vertical-load-factorcoefficient}

2L$-W-W;<(;;:J1,3

draftcoefficient,.{:($l:(fly]l,,

{

[f(Pfl2LO(A)fiP~1/3timecoefficient,tio
6W

side-forcecoefficient(Cv

JsinT COE%

forrestrictedcase,%f for

F.

rolling-momentcoefficientforrestrictedcape,
ME

*

rolling-momentparameter,.fi2%{,f,,&):pjl/3

.

.
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. cm
t yawing-momentcoefficientforrestrictedcase,

ML

yawing-moment

L 6W

ANALYSISOFTWO-DIMENSIONALPROBLEMOFYAWEDIMPACT

Generalanalysis.-Beforethespecificproblemof theyawedimpact
of a seaplaneisdiscusseditisdesirableto considerfirstthecorre-
spondingtwo-dimensionalproblem,namely,theobliqueimpactof a sym-
metricalbodyon a smoothwatersurface(fig.1). Forconvenience,the
bodyisassumedtobe stationaryandthefluidisassumedtobe moving
towardthebodyat a velocityV farfromthebody,theverticaland

& sidecomponentsofthisvelocitybeingdesignatedas v~ and V7,

respectively.Buoyantandviscousforcesareneglected.Thevelocity
&., potentialfortheflowandthecorrespondingfluidvelocityat thebody

aredesignatedas @ and v, respectively.As a firstcrudeapproxi-
mationthisflowfieldcanbe consideredtobe thesumof thefollowing
twoflows(seefig.2): (1)theflm~forthesymmetricalverticalimpact
of thesamebodyona fluidmovingata velocityv~ at infinity,which
willbe designatedby thesubscript1,and(2)thesymmetricalhorizontal
flowaboutthecorrespondingverticallysymmetricalcompletelysubmerged
bodyat a velocityVV whichwillbe designatedby thesubscript2. It
shmldbe notedthattheapplicationof thissuperimpositionprinciple
isnotstrictlycorrectbecauseof thepresenceof thefreesurfacein
thebasicproblem.Forlackof a betteror simplerwaytoapproachthis
problem,however,theprincipleisassumedtobe approximatelyvalid.

AccordingtoBernoulli’sequationthepressure(aboveatmospheric)
on thebodyforthethreeproblemsrepresentedinfigures1 and2 is
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(3)

whereequation(1)referstothecompleteyawedflowoffigure1 and
equations(2)and(3)refertotheverticalandhorizontalcomponents
of theflowinfigure2, respectively.As theflowfieldoffigure1
isassumedtobe theresultantoftheflowfieldsinfigure2, thenon
thebottomofthebody

(4)

(5)

Theplussigninequation(5)refersto theleftsideof thebodyand’
theminussignrefersto therightside(seearrowsdesignatingfluid
flowdirectionsinfig.2). Substitutingequations(4)and(5)andthe
relationV2 = v{2 + V72 -intoequation(1)gives

,

$1 M&2+v2. v12i2v1v2=$& q )
-v22-p —-at ‘z (6)

Thisanalysisisnowrestrictedtothedeterminationof thefirst-
ordereffectsof theyaw;thatis,theterminequation(6)which,is
proportionalto V7 (thatis, PV1V2)isconsideredbuttermspropor-

—

tionalto V72
(

wthatis, &q2J
)

&22, and p & areneglected.

Thenequation(6)reducesto therelation

Thedifferenceinpressurebetweenthatforthe
theunyawedcasecanbe obtainedby subtracting
tion(7)andis

P- P1 = t pvlv?2

PV1V2 (7)

yawedcaseandthatfor
equation(2)fromequa-

(8) —
.

.
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Equation(8)givesa firstapproximationforthepressureduetoyawon
an arbitrarilyshapedsymmetricbody. Becauseoftheprecedingsimpli-
fyingassumptionthata superimpositionprocedureisvalidandbecause
of theneglectof second-ordertermsproportionalto theyawvelocity
V7,thisequationshouldnotnecessarilybeconsideredtobe applicable
topracticalyawconditions.Ratherit isor shouldbeconsideredas
an equationwhichisprobablyapproximatelyvalidforinfinitesimalyaw
anglesandwhichmaybe correctedlaterempiricallyto applytothe
practicalcase.

Accordingtoequation(8)(seestatementaftereq.(~))theunsym-
metricalpressureor thepressureduetoyawispositiveon onesideof
thebodyandnegativeon theothersothatthenetupwardforcedueto
yawis zero.Theverticalforceona yawedbodyat a verticalvelocity
v{ thusisto a first-orderapproximationthesameas thaton anunyawed

body

from

at thesameverticalvelocityVL or

Thedifference
equation(8)

‘c=‘Cu
inpressurebetweenthetwosidesof thebodyis

Ap = PV1V2- (-PvpQ)

andthetotalsideforceperunitlength
pressuredifferenceAm timesthewetted

(9)

= 2pvlv2 (lo)

dFqIds isequalto theaverage
heighth or

(11)

In ordertoevaluatethequantitiesVI and V2,considerfirstthe

limitingcaseof a bodyof infinitesimaltransverseslope(caO). For
thisconditionthebodyis substantiallyreducedto a flatplate(see
fig.3) sothattheflowinthehorizontaldirection(fig.3(b))is
substantiallyundisturbedor

V2 = VT (E)

Fora flatplatewhichiscompletelysubmergedthevelocitydistribution
on thesurfaceof theplateduesolelytotheverticalcomponentof flow
is (see,forexample,ref.1)
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(13)

.

AccordingtoWagner(refs.2 or 3)theflowona non-chine-immersed
bodyof infinitesimalslopeissubstantiallythesameasthatforthe

—

completelysubmergedflatplategivenby equation(13). (Thevelocity
variationforthecasewherethechinesareimmersedandwheretheupper
surfaceisnotwettedisconsideredina latersectionofthispaper.)
Substitutingequations(12)and(13)in-kequation(8)givesthepres-
sureduetoyawas

(14)

andtheyawor sideforceperunitlengthisthenobtainedfromequa-
tions(11),(U), and(13)-as

~= 2pV~VVh

[1

q/c
ds

m

(?dc

Evaluationoftheintegral’inequation(15)gives

,B

.

(15)

(16)

Therelationbetweenthewettedheighth andthepenetrationofthe
body ~ (seefig.1)hasbeenobtainedbyWagnerfortheunyawedcase
by usingtheflat-plateapproximation.Theresultingequationsare
giveninreferences2 and3. For thespecialcaseofa straight-sided
wedgeWagnerobtainedtherelation

hn-.=-
g2 (17)
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. Thesesamerelations-areassumedtoholdfortheyawedcase.Equations
werealsoderivedbyWagnerforthesymmetricalpressuredistributionPI.

(Seeref.1,2,or 3.) Forthespecialcaseofa straight-sidedwedge,*
thechinesofwhicharenotcoveredbywater,Wagnerlsequationsreduce
totherelation

Firstapproximationforthestraight-sidedwedge.-A firstapproxi-
mationforthepressuredistributionon a yawedstraight-sidedwedgeis
obtainedby combiningequations(14)and“(18)as

Thewettedsemiwidthc whichisequalto h cotP fora straight-sided
* wedge(seefig.h) isthengivenby equation(17)as

.
c =hcot!3=~#cot~ (20)

Thesideforceperunitlengthisgivenby combiningequations(16)and
(17)as

(21)

Thecenterofpressureof thesideforce ~cp isgivenby therelation
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Substitutingequations(10),(12),and(13)intoe~uation(22)gives

or

c
1 “c‘7%o 121- c

andintegratingequation(24)gives

.—L

—

(24)

()dl
c

.

(25)

Therollingmomentyerunitlengthaboutanaxisatdistanceat above

thekeel(seefig.4) isobtainedasfollows:Therollingmomentdue
to theforceon tl,erightsideof thewedgeisequalto

( -2-3$)Frighta~ sinP

where Fright”isthetotalforceperunitlengthon therightside(which

7Cpmustbe normaltothesurfaceofthewedge)andwhere a~sin~-~

is thecenter-of-pressuredistance(seefig.~). Similarly,ontheleft
sideofthewedgetherollingmomentis

(‘Flefta~
7Cp

)
sinf3——Cosp

b

.
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andthetotalrollingmomentperunitlengthis*

13

. ( )( 7cp
Fright- Fleft

)
a~sin~-_

Cosp

or

%Thesideforceper”unitlength~ is,by definition,equalto

Fri~t sin~ - F~eftsin~;thereforetherollingmomentper~it length
becomes

dli~ dl?q( 7Cp
—=—aE-ds ds )sinB cosB

(26)

a

andsubstitutionofequations(20),(21),and(2’5)intoequation(26)
givesr

(27)

Secondapproximationforthestraight-sidedwedge.-Thissection
isconcernedwiththedevelopmentof a betterapproximationforthe
pressuredistributionandyawingforcesandmomentson a straight-sided
wedgethanisgivenby equations(19), (21),(25),and(27)whichwere
obtainedforthelimitingconditionof a wedgeof infinitelysmallslope
(p+o). Forthisapproximation,theunyawedpressureP1 iSobtained

fromequation(18)inthessmemanneras forthefirstapproximationso
thatthepressuredistributionmaybe expressedbycombiningequations(8)
and(18)as

.

.

.
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Thebe~tmethodofestimatingthequantityVIV~,whichisthe
/

.

velocitydistributionontheunyawedwedge,appearedtobe theuseof —
thedetailedgraphicalsolutionsofPiersonfortheconstant-velocity
impactofa straight-sidedwedgeona smoothwatersurface.(Seeref.4.) +
Theresultingcurvesfor VI/V~~whichcanbe obtainedfromfigure16
of reference4,areshownin-figure5 of thispaper.It isnotedthat
thesetheoreticalcurvesareeasilyinterpolated.Alsoshowninthis

-f-

igure isthetheoreticalvariationof
/

v~v~ predictedbyequation(13)

forthefirstapproximation.

In ordertodeterminethequantityv2/Vq,thesolutionisused

forthesymmetricalflowabouta completelysubmergedstraight-sided
wedge.ThisproblemhasbeensolvedbyR. J.Monaghan(notgenerally
available)andthemethodof solutionis indicatedinreference5. The
resultingequationfor

/
V.-2V7 is

‘2 +

()

X2 13/fl—=-
‘7 1-X2

(29)

where X. isdefinedbytherelation

andwhereI’ designatesthegammafunction..Thevariationof
/

VPVT
with ~/c ascomputedfromthisequationis showninfigure6 for
variousanglesofdeadrise.

.
Alsoshownisthevariationpredictedby

equation(12)forthefirstapproximation.

Curvesof theproductv1v2/VEVVwereobtainedby multiplying

togetherthecorrespondingvaluesof
/‘1‘c /

and V2VP fromfigures5

and6 andareshowninfigure7 togetherwith.thepredictionofthefirst
approximation.Thesecurves,whichrepresentthepressureduetoyaw
(seeeq.(8)),canbe usedwithequation(28)topredictthepressure ... ...
distributionontheyawedwedge. .—

Thecurvesof figure7 weregraphicallyintegratedtoobtainthe a
averagevalue~ andtheresultsweresubstitutedintoequations(11)

—

.
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and(17)toobtainthesideforceperunitlength.. Theresultingequa-
tionforthesideforceis

.
(30)

wherethequantityBl,whichrepresentstheratiobetweentheside
forceforthesecondapproximationandthatforthefirstapproximation,
is showninfigure8.

Thecenterofpressureof theyawforceisfoundby graphical0
integrationof thepressureaccordingto equations(10)and(22)with
theaidof thecurvesoffigure7. Theresultingcenter-of-pressure
locationsaregivenby therelation

where El,which
distanceforthe
mation,is shown&

Therolling

C 4

representstheratio
secondapproximation
infigure8.

El (31)

betweenthecenter-of-pressure
andthatforthefirstapproxi-

momentperunitlengthaccordingto equations(20),
(26),(3o),and-(31)iS.

WE
(32)

Peakpressureonthestraight-sidedwedge.-AccordingtoWagner
(ref.3) thepeskpressureona straight-sidedumyawedwedgeof small
dead-riseangleisapproximately

. spendingto thesidevelocityof

Pp

equalto thedynsmicpressurecorre-
theedgeofthewettedsemiwidthor

where

dc— = V(;cotp
dt+
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Fortheyawedcasethesidevelocityof theedgeof-thewettedsemiwidth
is equaltotherateofexpansionof thewettedwidth dc/dtplusor

.u

minusthesidevelocityof thebody Vn sothatthepeakpressurefor .—

thiscasebecomesapproximately

pp=

-.*

andwhen dc/dt isassumed
cases

.

%=

tobe the”sameforbothyawedandunyawed
.-

(33)

Effectsof chineimmersionforbodiesofarbitraryshape.-In this.
sectionconsiderationismadeof theeffectsof chineimmersionon the
sideforceandrollingmomentduringa yawedimpact.Accordingto.equa-. &
tions(11)and(12)thesideforceisgivenapproximatelyby therelatiom

v--

or ina moreconvenientform

(34)

where

Forthenon-chine-immersedconditionB2 canbe obtainedas a first --
approximationby takingtheaveragevalueof equation(13). Forthe
chine-immersedcase,however,equation(13)doesnotapplyandsome

—

othermeansmustbe usedtodetermine~. Thisdeterminationmaybe *

madeapproximatelyasfollows:Fordeepimmersionsthefluidflowabout
.
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an impactingbodyisverysimilarto thesteady,separated,free-streamline
. flowaboutthesamebody. (Seefig.9.) Solutionsareavailablein

reference6 forthevelocity-duringsuchfree-streamlineflowwhichindi-
catethat B2 isequalto approximately0.3,0.4,andO.~fordead-rise.
anglesof0°,20°,and40°,respectively.

Thecenterofpressure(seeeqs.10,12,and22)accordingto the
velocityrelationsofreference6 is

~=~E2c =~E2b whereE2 XO.8

rollingmomentisobtainedfrom$his
andbecomes

tit /

givenbytherelation

fordead-riseanglesUT to 40°. The

relationandequations(26)and(34)

s
[

nbE2
—=~2phVqV~ a~ - 8
ds. sin13cosB)

ANALYSISOF OBLIQUEYAWEDSEAPLANEIANDINGSANDPLANING

FOR

A

RESTRICTEDSIDEMOTION

GeneralAnalysis
i

.
, Theproblemtobe treatedinthissectionisthefixed-trim,

(35)

oblique,
smooth-waterlandingofa seaplaneofarbitraryconstanthullcross -

. sectionhavinga fixedangleofyaw. Theangleof.yaw $ isdefinedas
theanglebetweenthelandingplane(xZ-planeoffig.10.(a))andthe
planeof symmetryoftheseaplane(X’Z’-planeoffig.10(b)).Themotion
of theseaplaneisassumedtobe restrictedto theXZ-plane;thatis,
thereisassumedtobe no sidemotionintheY-direction.In an actual
seaplanelandingtheseaplaneis,of course,notrestrictedtomotionin
theX2&planebutisfreetoaccelerateperpendicularto theplaneof
landing(intheY-direction)as a resultof thesideforce.However,
therestrictedcasecorrespondsto themodeltestingconditionsforthe
experimentaldataof thispaperandithappensthattheequationsfor
theunrestricted-side-motionconditioncanbe convenientlyexpressedin
termsofthosefortherestrictedcase;therefore,itisexpedientto
considertherestrictedcasefirst.Theunrestrictedor freecaseis
consideredseparatelyina subsequentsection.

.
Considerthemotionof theseaplaneat a giveninstantoftime(see

fig.10(a)).Theyawedfloatmovesforward(intheX-direction)ata
velocityA, verticallydown(intheZ-direction)at a velocity5, and
to theside(intheY-direction)withzerovelocity.If thismotionis
viewedperpendiculartotheplaneof symmetryof the“sea@ane(see. fig.10(b)),itappearsthatanunyawedseaplaneismovingforward(in
theX’-direction)witha velocity“~cos~, down(intheZ’-direction)
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at a velocity;,andsidewise(intheY’-direction)at a velocityVq
where

VT =lsin~ (36)

In thetheoreticaltreatmentof thelandingofunyawedseaplanes
(refs.7 to 11),ittisgenerallyassumedthattheflowprocessesina
giventransverseplane,stationaryinspaceandorientednormalto the
keel(seeaa‘andbb’infig.10(b)),canbe consideredtobe similar
tothoseinthecorrespondingtwo-d.jmensional.problem.In thepresent
casethevelocityofpenetrationintothisplane(satorbb’)orthe
velocitynormalto thekeel V! isseenfromfigure10(b)tobe equal
to

V(=; cOsT ++sin7COSY (37)

andcanbe satisfactorilyapproximatedby thesimplerrelation

Vc .%; COST +; SiIIT= ~ (%)

formostpracticalanglesofyawsincethecosine”of theyawangleis
usuallyclosetounity.Thesidevelocity(parallelb theY’-axis)is
givenbyequation(36).

Equations(36)and(38)usedtogetherwiththeequationsofthe
previoussectiononthetwo-dimensionalproblemprovidea firstapproxi-
mationforthesideforcesintermsoftheinstantaneousvelocitiesA
and.z!andthenormaldisplacement~. In ordertodeterminethese
quantitiesasa functionoftime,themotionofa yawedseaplaneinthe __
XZ-planeis“assumed*Obe thesameas”that”fortheunyawedseaplane;
thatis,thetimehistoriesof thedraft,verticalvelocity,horizontal
velocity,verticalacceleration,andverticalhydrodynamicforceare
assumedtobe thesamefortheyswedandunyawedcases.(Asubsequent
sectionof thispapershowsthatthisassumptionissubstantiatedby
experimentaldatafora floathavinganangleofdeadriseof22.5°for
yawanglesat leastup to12°. It isalsonotedthatthisassumption
is consistentwitheq.(9).)Proceduresforcomputirigthevertical
motionsfortheunyawedcasearegiveninreferences7 to12. Refer-
ences8 and12considertheseaplaneof arbitraryconstantcrosssection,
references11and12 considertheV-bottomseaplanewithconsiderable
chineimmersion,andreferences7,9,
V-bottomseaplanehavinglittleorno

and10 dealparticularlywiththe
chineimmersion.

.
—

.

i=

r

—

.-
T-

●

.
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. TheWide.V-BottomSeaplane

Thespecialproblemof theyawedimpactofa wide,constant-dead-
. riseV-bottomsurface,thechinesofwhichdonotpenetratethewater

surface,isnowconsideredindetail.In additiontotheassumptions
oftheprecedingsectionstheweightoftheseaplan”eisassumedtobe
counterbalancedby an equalconstantwing-liftforcethroughoutany
landing.Themotionsof theunyawedseaplaneforthiscasearedis-
cussedindetailinreference9 andequationsanddimensionlessplots
forthesemotionsarepresentedtherein.

Sideforce.-W’henequations(3o),(36),and(38)= Cornbinedj
thesideforceperunitlengthoffloatisobtainedas

(39)

Therelationbetween~ and s (seefig.1O(C)) isgivenby the
relation

.

c=StEUIT (b)
*

Combiningequations(39)and(h(l)andintegratingtheresultgivesthe
totalsideforceas

m

J
z/sinT ..

Fq = Blmp~xssin~ tanT ds :
0

Blfip~~z2sin$
= (41)
2 SinT COST

Sinceequation(41)isbaseduponmanyinexactassumptions>itisunlikely
tobe alwaysingoodagreementwiththeexperimentaldata.Consequently,
equation(41)ismodifiedempiricallyhereby thesubstitutionof some
empiricalquantityB for B1 intoequation(41)sothat

(42)

●

TheempiricalquantityB isprobablysubstantiallya functionof dead
risealoneandof thesameorderofmagnitudeas B1.-
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Inordertoconverti-thesideforceintoa
similartothoseusedinreference9,equation
rewrittenintheform

NACATN2817

dimensimlessvariable
(42)mayf’irstbe

(43)

Inthete-?minologyofreference9 thete~
.2[:(??!(:;2}2’3 ... . .

.
isthesquareof thedimensionlessdraftcoefficientCd. Thetermon
theleftoftheequationisdefinedhereasthedimensionlessside-force
coefficientCq -

Cq =
—

sothatequation(43)canbe rewrittenas “

Accordingtotheanalysisofreference9 thetimehistoriesof i/i.

and Cd arefunctionsonlyof theapproachpar~ete~ K where

(45)..-

.-

K . ~ &s(yo+--T). Thetimehistor~of A/io,althougheasily
sin70

computed,isnota functionof R alone.However,duringmanyimpacts
thechangeinhorizontalvelocityissmall;therefore,itappears
desirable,intheinterestof simplicity,”toignorethisvariationand - ..
“approximateequation(47)by thesimplerrelation

-.

—

.—

A

—

--

-—

—

(46)
f
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sothatthetimehistoryoftheside-forcecoefficientbecomesa func-
tionof tialone.(This’approximationleadstoa conservativeestimate
ofthesideforce.)Theoreticaltimehistoriesof CV (accor~ngto

. eq.(46))forvariousvaluesof ~ havebeencomputedfromthesolutions
ofreference9 andareshowninfigure11. ThemaximumvaluesOf CT
areplottedagainst~ infigure12. This‘lattertheoreticalcurve
canbe approximatedwithinabout3 percentby thefollowingempirical
equation:

Cvm== 10
19+2$)K+~

(O< K<1O)

Thetimetoreachmaximumsideforceisshowninfigure13together
withthetimestoreachmaximumverticalloadandmaximumdraft.

Rollipgmoment.-Therollingmomentcanbe obtainedbysubstituting
equations(36),(38),and(~) intoequation(32)andintegratingthe
resultoverthefloat%ottom.Also B is.substitutedfor B1. The
resultingequationfortherollingmomentis

z/sinT
ME = Bfip&sin~

J (
S~Ta-

0 E

(Bmp& sin~ a~z2 K%lzs
= —-
SinT COST 2 )24sin2~CosT

Bfip&z2sin~
=
2 sinT CosT

Y& ta T )sds8 sin2B

\( Ic?qz
a~l- )12aEsin2PcosT

and.substitutingequations(42)and(44)intoequation(47)gives

( na~z
M~=FqaEl -

)
12agsin213cosT

(47)
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ThequantityEl whichrepresentstheratiobetweenthecenter-of-
pressuredistance,forthesecondapproximation-andthatforthefirst
approximationforthetwo-dtiensionalcaseisnowreplacedby thequan-
tity E whichrepresentstheactual.centerofpressure.Thisquan-
tity E isprobablysubstantiallya functionofdeadrisealoneand
isprobablysomewhatsimilarto El. Withthissubstitutionandalso

tionof Cd inreference9 theprecedingequationbecomes

or

where

YI%d

12aEsin2@cosT

l/3

)

.
Therolling-momentdimensionless

thedefini-

1 6wmT J

coefficientisnowdefinedas

ME

(48)

(49)

(x)

.

9

.
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whichfromequation(k8)isequal. to

cm~=“tv-c]=“c’-“cd

23

(51)

Sincethetimehistoriesofboth
but b~ isnota functionof k,

c~ andcd arefunctionsof K only
equation(51)showsthatthetime

historyof therollingmomentisdifferentforeachcombinationof ~
and 56 sothata singlefamilyofgeneralizedcurveslikefigure11
cannotbe givenfortherolling-momenttimehistory.Foranyspecific
case,however,thecurveof Cm~ canbe obtainedby combiningthe

pertinentCT curveoffigure11 (multipliedby 53)withthecorre-

spondingC#d curveof figure14 (whichfigurewasobtainedby com-
biningthe Cq curvesof fig.11withthe Cd curvesoffig.6 of
ref.9). Thevariationofthemaximumrolling-momentcoefficientwith
tcisshowninfigure15 forseveralvaluesof b~.

Yawingmoment.-Tfiehydrodynamicyawingmomentaboutah axisper-
pendiculartothekeelat a distanceal

forwardof thestep(see
fig.1O(C))isgivenby therelation

r
z/sinT ~

M, = JLb-z \+sds
‘sJo

\
ds ~ sinT

1
(52)

Substitutionof equations(39),(40),and(42)into
substitutionof B for Bl,andintegrationof the

followingequationfortheyawingmoment:

equation(52),
resultyieldsthe

(=Fqagl - z

)
3aCsinT

(53)
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In ordertoallowfortheinaccuraciesintheassumptionsleadingto
equation(53),this-equationismodifiedhereby theinsertionofan
empiricalconstantG sothatequation(53)becomes

M,=F+3a;:J (54)

Substitutionofequation(44)andtherelationbetweenz and Cd
intoequation(54)givestherelation

Whenthedimensionlessyawin~momentcoefficientCm
c

isdefinedas

[f(P)]2q(A)gtan.

> >ti 1.
equation(57)canbewrittenin

cm
c
=%&

(%)

(57)
6W J

theform

- Cd)= qcv -~~cd (58)

Sinceequations(51)and(58)fortherollingandyawingmomentshave
beenexpressedinidenticalform,thetimehistoriesoftheyawingmom-
entscanbe computedfromthegeneralizedcurvesoffigures11and14
inthesanemannerasfortherollingmoments.Themaximumyawingmom-
entscanbe obtainedfromfigure15ina likemanner.

.

.

Pressuredistribution.-In ordertomakeequatione(19)and(28)
applicabletothethree-dimensionalproblem,v~ and VT inthese



NACA~ 2817 25

. equationsarereplacedby thevaluesgivenby equations(36)and(38),
thetermcontainingtheaccelerationiscorrectedbyanaspect-ratio
correction(seeref.13),andtheangleofdeadrise ~ isreplaced

. by a moregeneralquantity13,calledtheeffectiveangleof deadrise
(seeref.14). Equations(19)and(28),respectively,become

●

✎

forthefirstapproximationand

secondapproximationwhere

(59)

q(A)=l-&

●

(o<A<m) (61)

(A>1.5) (62)

and

A= (Wettedlengthatkeel)2
(63)

Wettedareaprojectednormaltokeel

forthesubstitutionof (3 for ~,whichsubstitutionwasReasons
6 introducedby PiersonandLeshnoverfortheunyawedcaseinreference14,

arediscussedinreferences14and15. Severalrathersimilarequations
havebeenproposedfor e inthesepapersandareasfollows:

.
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7(cot61 =

ficOt el =

Itcotep=

Yrcote2=

X cot83 =

Jlcot83=

where

2,
~2-2Ksin2@- K2sin%tan%

v sin2@

(K- Sin2P)2
sin2f3+ K?tan2T

+ K2ta112T

+Cos%

1

4
sin2T+ — tS112~COS2T

~2

2
T

1- J2

tS,112T1-J2

1
SiX12T+ J2COS2T

J =~tanf3

--

NACATN 2817

(

1

)
fic0te~~2

(64)

( )fic0te1g2

(

1

)
fiC0te2~2

(65)

( )fic0te2~2

( )
sccot0322

1

(66)

( )Yccotes=2

(P+o)
1

J= 0.293 (P= 22.50)

)

(67)

J=;~p (p= 300)

and

.

.

●

✎

K* (&- 3 tan213cosp -

)

tanB sin213
1.7Y’C2 3.3X
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Therelativemeritsof theseequationsfor 6’ arediscussedinrefer-
ence15. Equation(66)appearedtogivethelestagreementwithexperi-
mentaldatafortheunyawedcaseforanangleofdeadriseof22.5°
(ref.15)andisthereforeusedsubsequentlyforcomparisonsoftheo-
reticalandexperimentalpressuredistributions.

Pesk,pressure.-In oddertoconvertequation(33)forthepeak
pressuretothethree-dimensionalcase,thetermsv~ and V

c
are

replacedby~ sin$ and ~,respectively(seeeqs.(36)and(38));
thefollowingequationresults:

(68)

Reference16 showsthat,fortheunyawedcase,equation(68)doesnot
adequatelytakeintoaccounttheeffectof trimonthepeskpressure.
In ordertotakethiseffectintoaccount,equation(68)which,forthe
unyawedcase,reducesto therelation

wasempiricallymodifiedinreference16
tionforthepeak~ressureat anyfinite
90°:

toobtainthe
angleof trim

(IJ= o) (69)

followingequa-
between0° and

Pp= 1 (V=o) (70)
$? COS2Tsin2-f+

($cot,)2

(Seeeq.(3)of ref.16.) Thecorrespondingmodificationof equa-
tion(68)is

_2L= 1

&2 2COSTsin2T+

(71)



28 NACATN 2817

(Comparewitheqs.(69)and(70).)Reference15 showsthatequa-
tion-(70)
deadrise

quantity

equations
givesthe
wedge:

wasoverconservativefortheunyawedcaseforan angleof
Of22.5°.Thisdifficultywasremediedbyreplacingthe
n cotP by anempiricalfunction1z 7 where J isgivenby

(67).Applicationofthissamesubstitutiontoequation(71)
followingfinalequationforthepeakpressureona yawed

—

Re= 1 (72)“
& i2 COS2Tsin2T+ , t,.

Steadyplaning.-Forthespecial

~=v6inT, 4 = V) theequationsof
sideforceandtherollingandyawing
relations:

——

,

~/
s

caseof steadyplaning(;= O,

theprecedingsectionsforthe
momentsreducetothefollowing

BtipV2z2sin~ f
(73)

2 CosT
.

BfipV2z2sin$

“(

ESC2Z

2 CosT aE -
)12 sin2pcosT

(74)

BfiPV2Z2Sin$

(

Gz
a( 3 sinT)

-— (75)
2 CosT

(Seeeqs.(42),(47),and(54),with E substitutedfor El in
eq.(47).)Theratiobetweenthesideforceandthenormalforceis
alsoof someinterest.Accordingtoreference-9thenormalforcein
planingis

F(= ti[f(B)]2Q(A)pV2z2tanT
(76)

2
.

.
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sothatwhenequation(73)isdividedby equation(76)thisratiobecomes

.

(77)

TheYawedSeaplaneAfterChineImmersion

Occurrenceof chinehmersion.-Chineimmersionisconsideredto
occur whenthewavegeneratedby themotionof theseaplanemeetsthe
chine-stepintersection.Fromanexaminationoffigure10(d)it is
seenthatthisimmersionoccurswhen

H COSTz=zch=—
RL

(78)

where R and L arewave-riseratiosillustratedinfigure10(d).
Forthespecialcaseofthestraight-sidedwedge H =@nP and

. equation(78)becomes

.

In theprevious
sidedwedgehas

btan~~osTzch= (79)

sectionsof thispaper,theratioR forthestraight-
heenconsideredtobe eaualto fi/2.(seeeq.(17))and

theratio-L hasbeenconsideredequal-tounity
becomes

btan~cosTzch=
Yt

sothatequation(79)

(80)

Actually,accordingtoexperimentalandtheoreticalinformationgiven
inreferences4,5,”15,17,and18,theratioR iseitherequalto
or somewhatlessthan Ye/2.TheratioL iseitherequaltoor some-
whatgreaterthanunity.Thusthetwoeffectstendto compensateeach
otherso
draftat

7 For
V-shapes

.

thatequation(8o)maygivea reasonablepredicti&ofthe
chineimmersion.

casesof seaplaneswhichdifferslightlyfromstraight-sided
it issuggestedthatequation(80)be modifiedasfollows:
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b tan~1COST .
‘ch= (81)

Yr
.

where ~1 istheaverageangleofdeadriseas indicatedinfigure10(b)
andisdefinedby therelation

Sideforce.-Thesideforceafterchineimmersionona
arbitraryconstantcrosssectionisobtainedby integrating
overthenon-chine-immersedlengthoftheseaplane(seeeq.
integratingequation(34)overthechine-immersedlengthof
plane,andby substitutingequations(36)and(38)intothe
equationto obtain

pZch/Sill T /p,Z Sill T

(82)

( )=!2pv~vl)Bsnch+ B@%ch

= 2p;~sin~
(
BSnch+ B@%ch

“)

seaplaneof
equation(30)
(17)),by
thesea-
resulting

e

.

(83)

(TheconstantB~ hasbeenreplacedby B inthefirsttemnofthis
equationtomakethiSequationconsistentwiththeanalysisof the
precedingsectionsforthenon-chine-immersedcaseattheinstantof
chinetiersion.)Thete~ Snch isthewettedareaofonesideof
thesea~laneprojectednormal,totheplaneof symmetryoftheseaplane
atthetimeofchineimmersionand ASnch istheincreaseinwetted
areasubsequenttochineimmersion.Thesewettedareasincludeonly —
theareasoftheseaplanewhichliebelowtheplaneofthechines.
Usuallytheflowseparatesfromthehullatthechinessothatthere
isnowettedareaabovethechines.Caseswheretheremaybe such
wettedareas,however,areconsideredina subsequent
paper.

Thewettedareasneededforequation(83)canbe
observationoffigure10(b)as

sectionofthis
.- —

.
obtainedfroman

.
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.

s .&H
nch 2 ‘&”

b2tan2J31
=—
4Xtanr

and

( 2H )&&h=H&--
YItsaT

=MWL-=Q4

sothatequation(83)becomes

.

Rollingmoment.-Therollingmomentafterchineimmersionofa
seaplaneofarbitraryconstantcrosssection,whichdependson the.
characteristicsof theindividualhullshapeconcerned,isnotconsid-
eredinthispaper.Therollingmomentofa straight-sidedwedge,
however,canbe easilyobtainedby integratingtherollingmomentper
unitlengthalongthehull. Fornon-chine-immersedsectionsthisquan-
tityisgivenbyequation(32)jforchine-immersedsections,by equa-
tion(35).

.
Theresultingequationfortherollingmomentis

ME .
[

(p~;b3tanB sin~ B tanP cosT a~ m—-
)
+

2sin+ Yr b 12sinj3cosp

(85)

(TheconstantsBl and El @ve beenreplacedby B and E inorder
tomakethisequationconsistentwiththeanalysisforthenon-chine-

. immersedcaseat theinstantof chineimmersion.)

.
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Yawlngmoment.- Theyawingmomentafterchineimmersionfora sea- .
planeofarbitraryconstantcrosssectioncanbe obtainedsimilarly
from

M~ =

integrationofequation(52)as
.

L

( )[tS,?2f!lCC)ST
B2&

(
a~ G z—-— .-

Yc b 2SinTb 1}tEUl j31COS T

11
(86)

chine-

FurtherRefinementsof theChine-ImmersionTheory

Theprecedingdevelopmentfortheforcesandmomentson
imaersedyawedbodiestookintoaccountonlythoseforcesactingonthe
partsofthebodiesbelowthechines.Onactualseaplanes,however,
thereareoftensubstantiallyverticalwallsextendingabovethechines
whichmayalsoexperienceyawingforcesandmoments.In ordertoobtain
a roughestimateoftheorderofmagnitudeoftheseforces,consider
theproblemofthesteadyplaningofa rectangularflatplateoffinite
thicknessw (fig.16). Forthiscasethetheoryofthepreceding
partsofthispapergivesno informationregardingtheunsymmetrical
forcesandmoments.In figure16(b)themotionoftheplateisbroken
up intotwocomponents,oneparalleltotheplaneof symmetryofthe
plate(Acos‘#)andoneperpendiculartothisplane(~sin$). Thus
theside nl oftheplaterecedesfromthewater(isnotwetted)and ,

thereforehasnowaterpressureon it. Theside n2,ontheotherhand,
mayormaynotbewetted:If itiswetted,it~enetratesthewaterat
thesidevelocityVV = x sin~ andthereforehasa waterpressureon
it. Thesidemotionofthisside n2 somewhatresemblesthemotionof
a two-dimensionalflatplateofbeam w withseparatedflowbehindthe
plalie,forwhichcase(seeref.6 or19)theaveragepressureperunit
areais

F=o.44pvq2 (87)

Strictlyspeaking,equation(87)shouldgivecorrectresultsonlyfor
an infinitelylargeratioofwettedlengthtoplatethickness(two-
dimensionalflow)andforzerobeam(suchthatthereisno interference
betweentheflowbelowthehullandon thesides).If theratioof
wettedlengthtoplatethicknessissmall,equation(87)forzerobeam
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mayconsiderablyunderestimatetheactualpressureand,ifthebeamis
increased,theflowunderthefloatwilltendto separateat thesides
andthusreducethesidepressure.Thusthetwoeffectstendpartlyto
compensateeachother.Withthesereservationsinmind,it is suggested
that,inlieuofa moresatisfactoryprocedure,a pressureequaltothe
valuegivenby equation(87)be consideredtoactononesideof any
partsof a seaplaneabovethechineswhicharesubmergedbelowthewater
surfaceandwhicharebelievedtobewettedby thewaterandthatthe
yawingforcesandmomentson thesesubmergedpartsbe obtainedbyinte-
gratingthispressureoverthewettedareasconcerned.Althoughthe
resultingyawingforcesandmomentsarehardlypreciselycorrect,even
forthecaseof thelongrectangularflatplate,theyareprobablyrea-
sonableas a firstapproximation.

AnotherTheoryfortheSideForceonChine-Inznersed

ImnersedStraight-SidedWedges

orNon-Chine-

Theprecedingsectionsof thispaperhavepresentedan analysisof
theyawingforcesbasedprimarilyupontheconceptof two-dimensional
flowintransverseplanes.Theapplicabilityoftheequationsresulting
fromthatanalysis,however,hasnotyetbeenestablishedforallprac-
ticalconditions;therefore,itisdesirableto consideralsoother
possiblemethodsforcomputingtheyawingforces.Forthespecialcase
ofthesideforceonly,sucha method,whichhappenstobe simplerin
formthanthatoftheprecedingsections,isas follows.Considerthe
caseofa planingwedge(fig.17).Whenthiswedgeisviewedina plane
perpendicularto thedirectionofmotion,it isseenthattheprojected
areaof onesideofthewettedsurface(S1 infig.17)islargerthan
theprojectedareaof theotherside S2,thecorrespondingtotalwetted
areascorrespondingto S1 and S2 beingassumedtobe equal.If the
totalforce(normaltotheplating)on eachsideofthefloat(Fl and
F2)is consideredtobe dividedapproximatelyproportionallyto this

projectedareadifference

to thedifferencebetween

and
the

Fq = (FI- F2)sinj3

( FIthatis — =
F2

thehorizontal
)s~— thesideforceisequal

S2
componentsof theseforcesor

()F1S2
=Fl-— S1 ‘h ‘ ‘ %Pl - ‘2)‘in‘ ’88)

theforcenormaltothekeelisequalto thesumof thenormal(to
keel)componentsoftheseforcesor
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F~s (FI+F2) cosp=
()

F1S2
Fl+~ Cosp =;(s1+s2) Cosp (89)

Whenequations
rewrittenas

(88)and(89)arecombihed,thesideforcecanbe

R-J %-~2tanB=—
FE S1 + E@ (w)”

By a considerationofthegeometryofthefloatitcanbe shownthatthe
S1 - S2

ratio— isgivenby therelation
S1+ E@

s~-S2=tan*tanj3 (91)
S1i-S2 sin-r

whichiS
Equation

validforboth
(90)therefore

chine-immersedandnon-chine-immersedwedges.
canbewrittenas

Fq tanV tan2~—= (92)
FL sinT

Substitutingtherelationsv~ = ~ sin# (seeeq.(36))and

v{. ; sinT cos$ (seeeq.(37))andrearrangingequation(92)yields
thefollowingrelation:

(93)

Thesignificanceof-theright-handsideof equation(93)is indicated
infigure18whichshowstransversecrosssectionsofa non-chine-

immersedwedgeforvaluesof
Vq
— tan~ lessthanandgreaterthanunity.v~

v
For ~ tan~ largerthanunity,onlyonesideof thefloatiswetted

v~
bywater;therefore,forthesecasestheratiobetweenthesideand
normalforcesisequaltothetangent-oftheangleofdeadrise(since
thetotalforceis substantiallynormalto theplating)or.

.

.

.
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acotfl=l
F(

Forvaluesof
~
v~

thatexperimental

tanj3lessthanunity,thedataoffigure19show

planingdatafora wedgehavingan angleofdeadrise
F4cot $ ‘* aof22.5°givehighervaluesof repredictedby equa-
‘E

tion(93). (Seetheappendixfora descriptionof thesetests.) This
resultsuggeststhata moreadequateequationforthesideforcecould
bewrittenintheform

(95)

wherethefunctionalrelationistobe determinedempirically.Since
thisrelationmustsatisfyequation(94),it isprobablethattherela-
tionwillnotvarymuchwiththeangleof deadrise.Thefollowina
simpleequationisproposedforthi=relation(seefig.19)

Fq

q
.otp=sin(~,.~] (?-PS]

Equations(94)and(96),whichwereobtainedfortheplaning

(96)

case,
maybe consideredto applyalsoapproximatelyfortheimpactcondition.
Thisapplicationisshowninfigure19whereexperimentalimpactdatp
fora wedgehavinganangleof deadriseof22.5°(seeappendix)for
varioustrimsareshowntobe approximatelyinagreementwiththevari-

F
ationof ~cot ~ with ~ tan~ givenby theplaningdataandequa-

F~ v{
tion(96).Althoughitisrealizedthattheactualvariationprobably
changeswithdeadrise,trim,flightpath,andothervariables,itis
believedthatequation(96)willgivereasonableresults,at leastfor
roughcalculations,forarbitraryyawedlamdingconditions.

Vq
It isnotedthatfor — tan13neartoandgreaterthanunitythe

V[

‘~ cotp greaterthanunity.. experimentalimpactdatagivevaluesof
FL
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Thisresultindicatesthatthereisa
pressuresideof thefloat.AlthougA

(fortheplaningcase thewaterwould

)
~ tanP Z 1 during
v~

theseparticular
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negativepressureonthelow- .

suchaneffectwouldnotexist
notwetonesideof thefloatfor ?

yawedimpacts,duringearlier

stagesoftheimpacts(beforethetimerepresentedby thetestpoints
v

shown)thequantity~ tanp wassmallenoughtopermitwettingof
Vg

bothsidesofthefloat.Thesuctionresultsfromthetendencyof the
Vq

waterto separatefromthelow-pressuresideasthequantity— tan~
Vg

increasesaboveunity.

ANALYSISOFOBLIQUEYAWEDSEAPLANELANDINGSFORFREESIDEMOTION

Basicconsiderations.-In theprecedingsectionsof thispaperit
hasbeenassumedthatthemotionoftheseaplaneduringlanolinis

frestrictedtotheplaneof itslanding(XZ-planeoffig.10(a) or that
thereisno sidemotion(intheY-direction).Sinceinan actuallanding
a seaplaneisfreetoacceleratetothesideas a resultoftheside
force,it isdesirabletodeterminetherelationsbetweentheyawing
forcesinsucha freeyawedlandingandthoseinthepreviouslydiscussed
restrictedyawedlanding.As fortherestricted-landinganalysis,it
isassumedthattheverticalmotionsandforcesareunaffectedby the
angleofyawandthatthechangeinhorizontalvelocityduringan impact
issmall.

~ Considerthemotionof theseaplaneina horizontaldirection
normaltothekeel.Theforceinthisdirection,whichistheside
forceFqf,must(accordingtoNewton’ssecondlaw)equalthemassof

dV~f
theseaplane~ timestherateof changeof thesidevelocity~

g

v-

S

—

—

or

w dv?fFVf=--— (97) _.g dt - ‘

(thenegativesignindicatesthat FVf and VVf havebeendefinedas

)

.
positiveinoppositedirections. Thesideforceforthegeneralcase

—

ofa bodyof constantarbitraryhullcrosssection,whetherrestricted .
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insidemotionornot,isgivenby equation(83)as

.

Fortherestrictedcaseof theprevioussectionsVT wasconsidered
tobe substantiallyconstantas a consequenceof theassumptionofno
sidemotionandof theassumptionA = ~; thus ‘qa wasequalto its

initialvalueor

‘Ta= VT)O

andequation(83)fortherestrictedcase

(98)

becomes

(99)

Forthefreecase % (isa vsriablehaving,of course,thesaneinitial
. value v~o as fortherestrictedcase

)
and FV isgivenby equation(83)

as
.

Fqf= ) (100)2PV~V?lf@nch+ ‘#rich

When
side

equations(99)and(100)arecombined,therelationbetweenthe
forcesforthefreeandrestrictedcasesbecomes

%f ‘Vf—=—
‘~a ‘To

(101)

(
It shouldbenotedthatthevariablesV~, %ch, and ~nch in

eqs.(99)and(100),whichdependonlyon theverticalandhorizontal
motions,havebeenconsideredidenticalforthetwocasesof freeand
restrictedlandings.)

A combinationofequations(97)and(101)and
a rearrangementgivesthefollowingrelation(seeeq.(36)):
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which,whenintegrated,becomes

Whenequations
sideforcefor

Thesameratio
that..is,

Equation(105)

(103)and(101)arecombined,
thefreeandrestrictedcases

I-+ @7a

issimilarlyapplicabletothe

dt

theratiobetweenthe
is

dt

rolling

givesalltherelations
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(102)

J ‘Va
‘Vf ‘(f ‘Ef - ~ w-

‘= K=T=e‘7a

equationsof theprevioussectionsfor
ofthemorerealisticfreelanding.

(103)

(104)

andyawingmoments,

necessaryforconvertingthe
therestrictedlandingtothose

Thewidenon-chine-immersedwedge.-Forthespecialcaseofthe
widenon-chine-immersedstraight-sidedwedge,equation(105)can(after
muchtrigonometricalmanipulation)be expressedinthefollowingform:

(106)

.

.

—
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where.

39

. a=~
[f(Pf12!P(A)

(107)

(seedefinitionsof cl-j> Ct,and tc)andwhere Cv isgivenby fig-

ure11. (Itshouldbe notedthatthequantitya isprimarilya func-
tionof theseaplanedeadrisealoneexceptforthequantityCP(A)

J

Ct
whichisusuallynearunity.)Theintegral(1+ R) C7 dCt

(obtainedfromgraphicalintegrationofthecurvesinjig.@ iS shown
infigure20,forvariousvaluesof E, as a functionof Ct. The
reductionofmaximumsideforceduetothechangefromrestrictedto
freemotion(obtainedfromfig.20 andeq.(106))is showninfigure21

,

.

as a functionof K
coefficientforthe

(samedefinition
a functionof ~

as

for
free

variousvaluesof a. Themsximumside-force
case,asdefinedby therelation’

(108)

fortherestrictedcase),isgiveninfigure22 as
forvariousvaluesof a.

CONSTANTSFORTHEORETICALSOLUTIONS

Dead-rise-aspect-ratiofunction.-In ordertomaketheoretical
solutionsfortheunsymmetricalforcesandmomentsforthewidestraight-
sidedwedgeit isfirstnecessaryto solvethesymmetricalproblem
accordingtothemethodsofreference9. Thissolutioninvolvesthe

useof thequantity~~(Bfl’p(A)whichisrelatedtothemaximum

verticalforce(duringa landingwithwingliftequalto seaplaneweight)
inreference9 by therelation

.

---—-
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(109)
.

.

where Czmu isgivenby thesolidcurveinfigure23. Thisquantity

~-) wasdeterminedforan sngleofdeadriseof22.50from
equation(109)by usingexperimentalmaximum-loaddatafromtableI of
thispaperandfromtable11ofreference15. Theresultingvalues
foralltheseimpactsforwhichthemaximumloadoccurredpriorto
chineimmersionareshowninfigure24. Thesolidfairedcurvedrawn
throughthesetestpoi~tswasused

Foranglesofdeadriseother
dead-ris~spect-ratiofunctionbe

[f(B)]29(A)=

where cp(A)isgivenby equations

forallcomputationsinthispaper.

than22.50it
computedfrom

() 2
$- 1 ‘(A)

(61) and

A= 2 tan$
.

titanT

(62)

issuggestedthatthe
therelation

(110)

andwhere

(111)

accordingtoequations(17)and(63).Equ.tion(l~o)givesthedead-
risefunctionproposedbyWagnerinreference2 rnodifi~dby an aspect-
ratiocorrection.Frana considerationoftheexperimentalandtheo-
reticalinformationinreferences4,5,7, 9, 10,15,and20 andin
thispaperitappearsthatequation(110)isreasonablysatisfactory
foranglesofdeadrisefrom30°to~“. Foranglesofdeadrise
smallerthan30~theexperimentalevidenceinreferences7,15,and20
andinthispaperindicatesthattheactual dead-rise+spect-ratiofunc-
tionissomewhatsmallerthanthevaluegivenby equation(110)(see,
forexample,thedashedlineinfig.24). Theexperimentalevidence
inthesevariousreferences,however,isnotcompletelyconsistentor
conclusive;therefore,noattemptismadeinthispapertodefinemore
accuratelythedead-risefunction.

and
and

Yawingcoefficients.-ThefollowingvaluesofthequantitiesB, E,
G wereempiricallychosenfromtheexperimentaldatainthispaper
wereusedforallcomputationsinthispaperfor ~ = 22,50:

B = 1.2; E=O.7; G= 1.2 (112)

.

.

—
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Whenit isnecessarytodeterminethequantityB forotherangles
ofdeadrise,it isnotedthatthevalueof B givenby equations(112)
issubstantiallyequaltothevaluegiven”by thesecondtwo-dimensional

. approximationB1 showninfigure8. Consequently,itisrecommended
thatthiscurvefor B1 be usedfor B forcomputationsforother
anglesof deadrise.

It isnotedthatthevalueof E giveninequations(112)is
smallerthanthecorrespondingvalueof El (seefig.8). Purely
arbitrarilyitis suggestedthatthefairedcurvedrawnthrough
E = 0.7 at 13= 22.5 be usedto computeE forotheranglesof
deadrise.

It is suggestedthatthevalueof G givenbyequations(112)
be usedforallanglesof deadrise.

COMPARISONSBETWEENTKEORYANDEXPERIMENTFORTBE

NON-CHINE-IMMERSEDWEDGE

. Experimentalmotionsandforcesas obtainedfroma yawedlanding
andplaninginvestigationat theLangleyimpactbasin(seeappendix)
arecomparedwiththetheoreticalpredictionsof thispaperinfig-

. UreS23 and25 tO37. In allcasesthetheoreticalrelationsusedare
thosederivedinthesectionofthispaperentitled“TheWideV-bottom
Seaplane.”

LandingInvestigation

Verticalloadsandmotions.-Experimentaltimehistoriesandmaxi-
mumvaluesofthedraft,verticalvelocity,andverticalacceleration
(orverticalhydrodynamicload)forlandingswithyawanglesbetween
Oo and120,showninfigures23 and25 to28,appeartobe substantially
independentof theyawangleandareinreasonableagreementwfththe
predictionsof thetheoryof reference9.

Sideload.-Ccnnparisonsoftheoreticalandexperimentalsideloads
showninfigures29 and30 indicatethattheexperimentalsideloads
areinreasonableagreementwiththetheoreticalvaluesforyawangles
at leastup to 12°.

Rollingandyawingmoments.-Comparisonsof theoreticalandexperi-.
mentalmaximumrollingmoments,rolling-momenttimehistories,ad
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yawing-momenttimehistories,showninfigures31,32,and33,respec-
tively,indicatethatthesequantitiesareinreasonableagreement.

Timestomaxipnunverticalload,maximumsideload,andmaximum
draft.- In figure34 comparisonsareshownbetweentheexperimental
andtheoreticaltimestomaximumverticalload,maximumsideload,and
maximumdraft.Theexperimentalandtheoreticaltimesareseentobe
inreasonableagreement.

Pressuredistribution.-Theoreticalpressuredistributions,as
computedfromthetwoapproximationsofequations(59)and(6o),are
showninfigure35-togetherwiththecorrespondingexperimentalpres-
suredistributionsforseveraltrimsandyawangles.Fairagreement
is seentoexist,thesecondapproximationtheory(eq. (60)) giving
somewhatbetterresultsthanthefirstapproximationtheory(eq.(59)).

Peakpressures.-Experimentalandtheoreticalpeakpressuresare
comparedinfigure36forseveralyawed.impacts.Fairagreementis
seentoexist.

PlaningInvestigation

Experimentalyawingforcesandmomentsduringplaningarecompared
withthecorrespondingtheoreticalforcesandmoments(computedfrom
eqs.(73)to (75)and(77))infigure37. It isseenthattheexperi-
mentalsideloads,rollingandyawingmoments,andratiosof sideto
normalloadareinreasonableagreementwiththecorrespondingtheoret-
icalquantities.

CONCLUDINGREMARKS

An approximatetheoryhasbeendevelopedforpredictingtheunsym-
metricalforcesendmomentsduringtheyawedimpactorplaningof sea-
planes.Fromcomparisonsof theresultsoftheoreticalcalculations
withexperimentalsideforce,rollingandyawingmoment,andpressure
datapresentedinthispaperfora non-chine-immersedstraight-sided
wedgehavingan angleof deadriseof22.5°andyawanglesup to 12°,
theproposedtheoryappearsto givereasonableresultsforthecases
tested.Althoughitisprobablethattheproposedtheoryisalsoat
leastqualitativelyapplicabletootheranglesofdeadriseandto the

.

.
—
—

.-

.—

.-

*

—

—
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chine-immersedcase,theextentof quantitativeagreementforsuch
conditionsremainstobe determinedby futureexperiments.

LangleyAeronauticalLaboratory,
NationalAdvisoryComnitteeforAeronautics,

LangleyField,Vs.,June21,1952.

43

.
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APPENDIX

EXPERIMENTALINVESTIGATION

DescriptionofTestsandInstruments

.

A seriesof smooth-wateryawedandunyawedlandingandplaning
testswasmadeattheLangleyimpactbasin(ref.21)witha prismatic.-
V-bottomfloathavinganangleofdeadriseof22.5°.Detailsofthis

—.

modelareshowninfigure38.

Landingtests.-Thirty-sixlandingsweremadewiththefloatloaded
toa weightof 117’7poundswhichcorrespondedtoa beam-loadingcoeffi-
cientof0.48.TheselandingscoveredyawanglesbetweenOo and120
andinitialflight-pathanglesbetweenapproximately3°and9°. During
eachlandinga compressed-airengine(describedinref:21)exerted&
verticalliftforceon themodelequalto itsweightsothatthemodel
simulateda seaplanewithwingliftequalto theweightoftheseaplane.

,

~therwisethemodelwasfreetomoveintheverticaldirection.The
modelwasattachedtoa towingcarriageweighingapproximately5400pounds.
Becauseofthislargeadditionalcarriageinertia,themodeldidnot
slowdownverymuch(horizontally)duringanylanding.

“

Timehistoriesof thefollowifigquantitiesweremeasuredduring ._
eachlanding:verticaldraft,verticalvelocity,verticalacceleration
(verticalforce),horizontalvelocity,sideforce,rollingmoment,yawing
moment,andpressuredistribution.Theinstrumentsusedformeasuring
horizontalvelocityandinitial.verticalvelocityaredescribedinref-

.-

erence21. Theinstrumentsusedformeasuringtimehistoriesofthe
verticalmotionsandofthepressuredistributionaredescribedinref-

--

erence15. Thelocationsofthepressuregagesusedinthisinvestiga-
.—

tionareshownintableIIandfigure39.Thehydrodynamicforcesdue
toyawweremeasuredasfollows:A six-componentstrain-gage-typedyna.
mometermeasuredthesideforce,rollingmoment,andyawingmomentata
positionabovethefloat.Thesemomentsandforcesdifferfromthe
correspondinghydrodynmnicquantitiesbecauseof inertiaforcesand
momentsresultingfromstructuraloscillationsofthefloatbeneaththe
‘dynamometer.Theinertiaforcedueto sideoscillations,whichoccurred
at a frequencyofapproximately3.5cyclespersecond,wasmeasuredby
a sideaccelerometermountedonthefloat.Theeffectsofanotherstruc-
turaloscillation,whichoccurredata frequencyofapproximately13 cycles
persecondandwhichcanbe seeninfigure33,wereriottaken-intoaccount. ““-

Planingtests.-FourplaningrunsweremadeintheLangleyimpact &
basinaccordingtotheprocedureoutlinedinreference22. Duringthese

.
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runs,measurementsof thepressuredistribution,thesideload,the
rollingmoment,theyawingmoment,thetotalforcenormalto thekeel,
andthehorizontalvelocitywererecorded.Theinstrumentsusedwere. thesameasforthelandingtestsexceptthatthenormalforcewas
measuredby thepreviouslymentioneddynamometerfortheplaningruns.
Thedraftcorrespondingtoeachplaningrunwasobtainedby o?me~ing
thewettedlength,asgivenby observationoftheexperimentalpressure
distributions,andmultiplyingitby thesineofthetrim.If thewater
risesw infrontof thefloat,thisquantity(wettedlengthtimesthe
sineof thetrim)maybe greaterthantheactualdraft;however,this
riseisprobablysmallfortheconditionstested.

PrecisionofMeasurements

Theinstrumentationusedinthesetestsgivesmeasurementsthat
areestimatedtobe accurateusuallywithinthefollowinglimits:

Horizontalvelocity,ft/sec. . . . . . . . .
Verticalvelocityatwatercontact,ft/sec .
Verticalvelocltyafterwatercontact,ft/sec
Verticalacceleration,percent. . . . . . . .
Pressure,lb/sqin.... . . . . . . . . . ..
Time,sec . . . . . . . . . . . . . . . . . .
Draftforlandings,ft . . . . . . . . . . .

. Sideforce,lb. . . . . . . . . . . . . . . .
Rollingmoment,ft-lb . . . . . . . . . . . .
Yawingmoment,ft-lb . . . . . . . . . . . .

?O.p. . . . . .*..
. . . . . . . . . tO.2
● . . . . . . . . iO.5
. . . . . . . . . 5
. . . . . . . .M io.lp
. . . . . . . . . m .005
. . . . . . . . . ko.03
. . . . . . . . . ~~
. . . . . . . . . ~loo
. . . . . . . . . t200

In ordertoevaluateproperlytheexperimentaldatafrommost
instruments,thedynamicresponsecharacteristicsoftheinstruments
andthe,correspondingrecordinggalvanometershadtobe takeninto
account.Analysisof thisdynamicresponsefortheexperimentalcondi-
tionsof thesetestsshowedthattheresponsecharacteristicsofthe
instrwnent-galvanometercircuitswereof sucha naturethatthemagni-
tudesof therecordedmotionsandforcesshouldbe reasonablyaccurate
butthatthecircuitshadsmalltimelags.Allthedatapresentedin
thispaperhavebeencorrectedforthesetimelags.

ExperimentalResults

Landingtests.-Theinitialvertical,horizontal,andresultant
velocities,-flight-pathangles,trims,andyawanglesforalllsmdings
arepresentedintableI togetherwiththemeasuredover-allloads

. andmotions.Timehistoriesofthesequantitiesforseverallandings
areshowninfigures26 to28,30,32,and33. Thevaluesofthemaxi-
mumpressuresrecordedoneachpressuregagearepresentedforallruns

.
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correspondingtimesofmaximumpressurearepre-
.

Timehistoriesoftheverticalvelocityarepre-
sentedintableV. IntableVI instantaneouspressuredistributions
fromseverallandingstogetherwiththecorrespondingmeasurementsof

:

time,draft,verticalvelocity,andverticalloadfactoraregiven.
---

Thecorrespondinghorizontalvelocitiesaresubstantiallythesameas
theinitialvaluesgivenintableI sincethechangeinhorizontal
velocityduringanyimpactwassmall.

Planingtests.-Theexperimentalover-allloadsandpressure-
distributionmeasurementsobtainedduringthefourplaningrunsare
presentedintableVIItogetherwiththepltiingconditionsof trim,
yaw,draft,andhorizontalvelocity.

.-
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!Im3,t,
it●xit

(see)

0.462
;46J

.b>~
----
.459
.w
.431

llo exit

-------

no ●xit

.464

.lL5-f

.463

.Mo

.316

.318

.337

.3s

.333

.@6

.373

.299

.365

.351

.355

.314

.mP
.--.--
.Eil%
.239
.s37
.429
.il13
.M-2
.655

v

At 1

t

(sac)

----

D.12
.lo
.13
.I1
----
----
.09
.13
.U
.3.2

----
----
----
--—

----
.n
.12
.13
.14
.12
-...
----
----
----
----
.13
----
----
----
----
----
----
----
----
----

m

‘e
(lb-ft)

----

?2
9QJ

Wm
----
----
640
440

%

----
----
----
----

-“--

170

%

%
----
----
----
----
----
64?3

-----
----
----
----
----
----
----
----
----

k&-

‘%4

1.17
1.09
1.21
1.16
1.27
1.59
1.73
1.s9
-96
1.09
.92

—
1.93
2.31
2.27
2.25

At D At m

(:)
0.40
.IL3
.hl
.41
.ho”
.45
.44
.h6
.4a
.lb3
.47

~

.66

.70

A%

%
[fw)

4.1
J+.1
k.1
J+.2
J+.E

.;::
5.1
k.1
14.1
4.0

z
7.6
7.6
7.6

3.8
3.8
3.6
3.6
3.3
J+.1
J+.1
4.6
J+.o
4.2
J+.e
4.3

;:;
7.8
6.2
6.3
3.9
4.1
k.1
4.0

~

%

----
D.%
1.19
1.02
1.18
----
1.24
1.43
.8b
.81
.92

1.48
----
1.02
2.21

1.19
1.03
l.oh
1.0?
1.26
.-..
1.69
1.16
1.30
1.16
1.32
1.22
----
----
2.36
2.84
.95
1.13
1.09
----

[:g)

3.2
3.2
3.2
3.2
3.2
3.2
3.e
3.2
3.2
3.2
3.2

(Jdiun

—

1
2
3
b
5
6

;
9
10
u
—
Iz
1.3
14
u.
16

2
19
20
21
22
23
2h
25
26
27
28
29
w
31

%
34
35
36
—

V.

(fpa)

71.9
7J..6
n.9
71.6
‘v.6
71..6
n.8
73.8
W.1
59.5
58.6

k

[tin)

---
1.5
2.0
1.0
1.2
---
1.4
2.0
1.3
.8
1.9
—
1.5
---

4:;

t
(G.Yc)

3.168
.lm
.179
.1E6
.157
.163
.160
.157
.203
.m
.m5
.
.160
.tig
.163
.X3>

.lh2

.U9

.lfn

.lm

.160

.lk

.l-n

:%

.2.62

.1!+>

.162

.Io2

.W5

.ms

.ID6

.IE7

.lr7
-I.&2
.----

*
(se.)

----
0.12
.lo
.13
.12
----
.ll
.In
.14
.X5
.12

.12
----
.14
.Ca

----
.L1
.13
.13
.13
.13
----
lo
.14
.32
.14
.13
.13
----
----
.ll
.Oa
.2-5
-13
.15
----

niq

----
0.30
.%
.47
.64
----
.ti
.b2
+’5
.26
.?8

—
.I.2
----
.13
.&

----
.lo
.16
.&

:2
----
.32
.23
.23
.dl
.?2
.*
----
----
.19
.a
.09
.ll
.26
----

0
6
-9
9
12

:
6

-2
9

6.3
6.3
6.3
6.3

9.3
9.3
9.3
9.3
9.3
9.3

;::
9-3
9.3
9.3

;:3
9-3
9.3
9-3
9.3
9.3
9.3

%

3
0
3
6

0
3
‘5
-9
-X2
12
0

2
-6

;
9
0
0
3
3
3

?
12

.35

.39

:$
.3s
:3J

.42

.J43

.114
,44
.40
.43

:$
.41
.43
.lq
.46
-w
----

---
1.7
1.4
1.0
.9
.5
---
2.0
.8
1.9

:Z
1.2
---
---
-.4
2.2
1.1
1.5
1.0
---
—

. . , ,



.

.

.

NACATN 28~7

Gage

1

2

i
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

TABLEII

PRESSURE-GAGEPOSITIONS

[$eefig.39]

(A)

0.23
.23
.23
.23
●73
●73
.73
●73
1.02
1.07
1.07
1.07
1.07
1.17
1.48
1.48
1.48
1.82
1.82

(L)

o.117
●77
1.08
1.39

●.!17
.77
1.08
1.39
.62
●47
.77
1.08
1.39
.62
.’h7
●77
1.08
.32
*L7

Gage

20
21
2!?
23
2&
25
26
27
28

%
31
32
33
34
35
36
37

(A)
1.82
1.82
1.82
1.82
1.82
2.23
2.23
2.57
2.S7

●73
●73
.73
.73
1.07
1.07
1.L8
1.h8
1.48

(A)

0.62
●77
●93
1.08
1.211
●47
.77
●47
●77
-*47
-.62
-.77
-.93
-.32
-.93
-.32
-.117
-.77

?

51

,
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~ . 22.5g

m[aeg)(*) (mm)

*O

‘?p,)
—
71.8
71.5
71.8
n.5
71.3
n.b
n.6
73.6
S.O
59.b
5.5
—
hg.5

.?3:;
b8.4

-t

70

@ 1 16 17

b.1 ---
6.9 4.8
.7 ---
~.6 ---
7.8 ---
5.0 ---
7.3 ---
9.0 -..
;.~ ~:-

5:2 -.:

5.9 6.6
6.9 ---

;2 ;:;

1.7 0
.7 0
2,!.---
1.7 0
0 0
1.4 ---
1.5 ---
1.8 ---
--- ---
--- ---
k.k ---
2.1 ---

la
—
----
9.1
1.9
11.e
11.o

;:
15,6
~.6
3.4
8.3

19

4.3
5.7
1.9
6.!?

R
8.o
7.0
4.8
,---
4.2

6.6
6.5

;:

o
0
0
b
o
0
----
----

?:
7.1
----
.’--
0
,6.0
U.JI
14.3
----
5.2
---
4.3

7

,

*)
Im —

2
.

;;
---
10.3
loo
7.1
7.h
u.6
3.0
2.6
5.9

a.6
9.0
8.5
10.9

II
by6

1.6 3.5 4.b
--- ---- 6.b
--- ---- ----

::2 ?:? -:x
b.7

;:: ‘h:; ~,b
3.5 ---- B.a
3.3 3.6 4.1
--- 3.1 ----
2.9 b.6 3.3

I-1 12 u

5.4 3,7 1.3
1.3 7,8 .8
2.> 1.5 ---
D.2 7.6 ---
:.; :; ;:-

7:3 5:6 2.;
6.4 7,8 2.9
P.q 5,1 ---
2.5 --- ---
6.9 6,1 .6

7.3 8.2 4.7
8.9 7.0 9.0
E.h a.b >.5
9.1 9.4 7.1

:.6 J 1::

2.5 1,9 l..!?
2.7 1,9 0
‘2.31,2 0
k.9 2,0 .7
5.3 1.-I-.8
2J! 1.8 1.1

Tr-G-3
—

2.-I
4.4
.7

]:
2.6
,---
6.3
2.3

i:z

G
4.5
3.7
5.2

7
—
3.3
6.4

i:t

:::
6.8
;.:

1:2
g.4

8
—
1.2
---
---
---
---
2.1
4.1
b.5
2.0

1::
—

9 110

T
b.b 4.4
6.3 6.6
2.5 1.4
8.7 8.o
8.3 9.6
5.2 5.4
9.2 7.5

;:; ?2
2.7 2.3
7.-7 5.5

0 71..94.1
71.6 4.1

-: 71.9 4,1
9 72.6 b.2
If! n.6 b.e
o ;.: ::
3
6 73:8 5:1

59.1 4.1
:
9 2:2 ::;

j $? !:?
49.0 7.6

0 66.9 3.8
3 66.8 3.8
6 G.6 3.6

67.0 3.6
-2
12 :: t:?
o y.b 4.1
~ 63.5 4.6

56.6 4.0
-: 59.1 4.2

57.9 J+.2
67.3 4.3

z
o gz $:

j E! E

:12 s:?
; 46.2 4.1
u? 36.3 4.0

T~.I 8.5
7.9 9.8
7.1 9.3
9.3 lo.7

7.37 7.5
8.64 8.9
8.* 6.9
8.91 9.1 _LL

b.5 ---- >.0
--- 9.7 f5.f5
4.2 ---- -–-
6.4 1.o.57.5

7.5
7.2

;:
—

2.3
0
1.9
e.1
2.3
.8
;.?

8:9
5,1
?1.0
2,5
---
Lb.5
L602
Lk.3
19.9
5.7
7.2
.—-
6.2

9.8
u.6
loo
~.7

---
---

1
3.26 13.8
3.26 I-2.2

pj R

~;: $;

3.79 13:6
L.05 U.
4.15 7.1

~:’ M
.--”

4.* 20.3
b.~ 2L.k
4.45 17.7
4.49 20.8
&,-p. 7.0
b.76 9.1

2:% -G

---
---
-—
---

66.8
66.7
f%,~
66.9
67.1
$;

69:4
%.5

;:~
67.2

R
$Q.7

i?:;
k7.3
I&.:

36:1
—

14.
J’
u.3
k.6
2.9
17.0

L:+
u.h
7,8
Ii?.1
17,1

0.3
3.2
3.6
2.3
2.8
7.7
2.5
5.3

E
7.8
‘r.5

1.6 ---- 18

::: 22 ?:
2.0 3.3 -----

1.8
:? -::? 0
2.4 ---- ----
2.1 ----
3.0 5.8 .x
1.5 5.1 7.0
3.9 ---- ----
2.0 10.6 ----
,------- ----

9.6 ----
9.0 9.5
y.; ;.:
. ,

1::; 1;::
7.4 6.7
u.8 u.a
10.6 ----

----
12; ----
lp! 3.3.0

1.7 2.1
3..5 1.1
3.L 2.2
2.e 2.7
2.2 2.h

“H 12;
1.7 5.0
2.3 ----
:2 1::
.5.51o.3

----
.8
1.2
0
.5

----

1;::
12.9

R
.-.
14.5
16.5
19.0
21.0
8.7
9.7

---
---
---
--
2.4
---

1
..-------------.&
------ ---
2.2 2,4 ---
,--- --- ---
0.1 --- ---
8.8 4,6---
.%72.9 0
---- --- 0
7.1 “-- ---
------- 0
------- ---
--- --- 1.7

___
3.2
---
1.9
0
---
0
-..

. . ..- I---- ---- ----
B.3 18.8
!0.’217.3
L7.O----
!5.0----
7.5 5.8
8.5 --- 1
----..
h.o ---
~.5 ---

::; z:
4.0 ---
4.8 ---
--- .-
b.8 -.

19.3
23.5
19.3
21.2
7.2
9.5
....
6.2 1

8.3 ---- 14.8
1.1 ---- 12.o
6.1 ---- 12.7
8.3 ---- 1;;
2.5 -—-
3.b ---- 3:2
-------- ----
4.0 4.7 ----

2?.s?----
la.>21.1
16.1 18.1
=.9 ---
---- 6.9
7.9 ----
---- ----
7.1 -2.52.3 9.0

. .
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—

(L
E
3.2

E
3.2
3.2
3.2

:::
3.2

—

*
[deg)—
o
6
-9

2
0
3
6

-:
9

:
3
6

Vo

(M

7L9
n.6
n.9

;:2
71,6
71.8

::!
X.7
58.6

49.9

M
42.0

k
(*)
k.1
4.1
b.1

i:;
5.0
5.0

i::
h.1
b.o I

=0 70

:ms) (6’.%?)

71.8 3.2
71.5 3.2i
‘/1.8 3.27
7L.5 3.36
n.9 3.36
ZL.4 J+.ol
71.6 4.m
73.6 3.96

;:: i?::;
X.5 3.91

.
22

—
23

Mm.-immJmmnLum (lb/Bqh) at gage number .

36
—
37

1.3
1.:
5.2
1.2
----
2.1
----

—
21

—

::;
2.9

2:;
6.7

$!

3:1
7.,5

G
9.5

2::
—
o
0
0
0
0
0
----
----
----
“---
.3

—
28
—

1.2
2.9
1.5

T—
----
---
----
----
----
----
4.8
----
----
----
----

20
—

4.7
9.E
1.2
8,3
Loo
b.6
9,8
7.7
6.8
----
6.0

24 27

3.0
3.0

3:;

2:{
3.3
3.7
1,8
1.1
P.a

29 31
—
----
lb
7.8
.7
-.9

33

-G

::i
2.3
1.7
6.9
----
5.2
2,1
6.7
1,5

0.8
2.1
.

!+:;
-----

i::
6.9
3.9

0.1
1.0
.Q
1.1
.8
1.Q
1.5
3.2
,2

----
----
—
3.3

f:!

9.8

;:?
2.2
1.5
6.2
----
4.5
1.9
6.0
1.9

4.0
1.9
lie
2.1
----
3.1
5.7
3,0

t::
.8

6.0
3.3
1o.9
2.0

i;
6.2

;:
----
2.0

4.6
‘2.2

----
2.1
1.3
2.1
1.1

-zi

H

----
1.6
-2.1
----%1

—
----
----
..-.
----

49.5 7.37

R: ::;
48.4 ‘3.91

6s.8 3.e6
E6.T 3,26
65.3 3.10
66.9 3.08
67.I 2.&
71.7 3J?8
$.? 4.17

%:5 i:;
57.9 4.1S
7.8 4.16
67.2
*.6 R
89.3 4.74
gl.f 4

“r79.7 4. s
CK1.3J+.@
k7.3 4.n
49.4 4.76
4$: pJ
. .

6.3
6.3
6.3
6.3

6.4
~.6
7.6
7.6
&
3.8
3.8
3.6

~;~

4:6
J+.o
4.2
4.2
4.3
J4.1

$!

6.3
3.9
4.1

;::
—

8.1
8.1
8.1
9.5—
o
0
0
0
0
0
----
----
----
----
----
----
----
----
1.1
0
----

:.;

3:9
5.6

2;
5.9
s.?

f~

—
14.0
:.;

17:1
9.1
6.k

;::
---
---
----
8.2

6.5
8.8

u

G
1.0
1,0
1.3
1.3
3.7
7.3
Lo,0

L?:?

k;
----
?3.2
L6.6
12.2
g.:

7:2
5.9
1.2

3.8
-----
JJ.1
3.8

----
----
----
----
—
----
----
----
----
----
----
----
----
3.4

N...-

-
9.3
9.3
9.3

:::
9.3
9.3
9.3

H
9.3
9.3
9.3
9.3
9.3
9.3

H
9.3
9.3
9.3—

o
3

:
-IQ
u?
o
3

-2
6
9

z
o
3
3
3

;
12

0
0
0
0
0
0
1.’2
---

0
0
0
0
0
0
-----
1.0

0
0
0
0
0
0
1.0
1.0
----
----
.-7
1.0
----1

h,6 ---
00
00
00
00
00
--- ---
--- ---
--- ---
--- ---
.5 ---
--- ---
--- ---
--- ---
.8 ----
D .8
1.1 ---
--- ---
D ---
--- ---
5.7 ---

0
0
0
0
0
0
---
---
---
---
---
---
---
---
---
0
---
---
0
---
1.3

0
0
0
0
0
0
----
----
---
----

13.k
10.1

J:;
I&l

?::
12.4
----
----

7.6
h,k
3.8
9,6
12,2
2,3
5.0
----
---

;:?
3.7
----
17.5
~.~

3.7
.9
1.1
1.1
1.1
1.9
5.7
7.2
----
----
,---
4.2
,---
.9.3
.6.5
1.5
,---
4.4,
---
,---
...-

1o.7
2.9
4.6
8.0
---
11.2

::;
----
17.6

;:Z
----
4.6
3.1
----
1.4

----
----
1.1
1.8
.9

----

:::

--
---

---
.7

6.5
----
21.4
22,9
17.0
----
6.s
----
----

----
----
----
----
0

----
. ----
1.9
1.2
1.3
----
.6

-“.-
5.7
—

---
.-.

----
----
----
---
1.0
----
0
..-.
.1.2
—

1.I.5
!2.8
.6.6
----
6.9
-..
----
----

?0.5
17.1
L2.2
L4.6
----
5.8
3.6
2.3
—

----
-----.

.;
1.4
----
.3

----
-1.9

1.4
.5
...
0
-..
1.9—

10.6
----

2:?
2.5

::!
---
2.5

t:?
----
----

----
0
----

3.7
----
6.2
—
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[.= 22.51

Tim?of prwmlre (oeo)cm mgemmber -

h 5 6171819110 IuI12 23 M 15116117
.lcmO.dlo0.0550.0990.11o0.67 O.tile0.0780.1170.1500.C600.0580.Osl-—
— --- — —-. -— —- . .0’78.m — . .KU . -— 1

19
X59

:Z9
.060
.66
.050
.m
.d17
.052

1
).033 %’7——-
---- .091

.ca9

.IX3

.073
●W
.M8
.091
.155

:F4
.cwl
.ci18
.W
.128
.13L
.0t15
.110
.169
.108
.1*
.093
.097
.09h

— .ChO—– .101-–- .0% .d18 .078
.-z.

— –— .C69 .I%8 .080 .089
.150 .@O .~ .101—— .~ .@8 .076 .113—— .060 .M8 .~ .130

.Oh?

.OM

.Ohh

.OkJ

.036

.@37

.051

.0h6

.&?

.o115

.035

.039

.039,
---
.133

-

m!!

z

~

.107
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-—
.m

GG
.On
.070
.c68
.109
.lW
—
.098

Y

.031J

.031

.028

.02s

.026

.058

.055
Xl&

.W

.060

.CS7

.c63

.036

.028

.032

.032

.0711

.070

.08&

.078

:%

:%
.C6&
.051

.11151.0371.0621.0911—— .63 .CM .0751.lc!z—- :$: jj;l :67
.OM .m .0%1 .093—.13.2.035 .@& .081 .137

.105 .029 .C&9 .073

.6 -.; Jr&

.115 .Olbh.037 .058 .OM .l)JO.& .0L5 .CMo .088
a: .C& ;C?J .~7 dill alloll.:39 .@o .098 .137 .cI17.OM .063 .093

-— :dlo— :096 :lllh:On :oi191.075
9 ‘.08JI.125

;91.(X7 “’m .1%
.0s
.033
.037

521.0791.3.23-— X631 .05’
— -— .(5. ..

.1391.OIlhl.0701.1OIJ.1791.d .d31 .Otil.117 .037 Awl .0
.— I
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.035 .0!!0
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.C&o .CM

.133 .137

.1311.113

.1117.1301
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.086

.(%1

.-—=

.129

.081
.C%!.l
.052
.~2
.Olih
.C$5
---
.
—
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——
—
—
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.129
—
—
.—

z
.090
.082
—
.117
—
.112

.021

.016

.o18

.m

.01L3

-072 .028 .01!5.063 .083 .0h3 .039 .C59 .077
A& .02; .035 .c419.c68 .033 .033 .o117.c63
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3.6-— 2.35.3-–
~:::: ;.:;.;;––

--- 5:07:8 .3
~ --- 1.7L*9 .3
5./!l-– 5.97*7---
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T + z ~ F~

m (dog) (deg) (f’t) UPS) (lb)

37 6.3 6 0.4641.8777
38 6.3 6 .h760.8—
39 6.3 9 .4760.21$60
40 9.3 6 .4753.81900

● 1 I (

TABLE VII

PLANING DATA

@ = 22.57

‘~
ME M{ Pressure (lb/6q/in. ) at @ge _ber-

(lb) :lb-ft) (lb-!%) 1 2 3 h 5 6. 7

165 172 187 1.2 0.9 0.8 1.2 -— l.h 2.3
--- — .8 1.0 1.6 -2.3 — -.7 9.8
h68 568 F-2 1:: 1.9 2.6 2.7 — 2.4 n.h
278 294 .6 2.0 — —- 3.2 —

Run Pressure (lb/eq In. ) at Ewe number-
8 9 10 11 12 13 17 18 19 ‘20 21 22

37 -– 0.90.9 1.7 1.2 0.4 0 1*5 1.8 -- 1.7 -- 2.1 2.1 1.5
38 — -s 1.8 2.8 5A o 1.8 2.2 2.9 --

2:: ::9 4.3 ;.1 1.1 2.8
3.5 1.7 3.3 :.: 3.2

39 -- 2.7 5.0 –- 4:; 2.5 t!.1 .7
ho -- ● . 0 L*O 3.9 7*3 — h.1 7.1 1:2 a

E37
38
39
.hO

Rmeure (lb/a
2728129~

0.3
102
—
o

-

0.5 2.4 —
1.0 3.9 0.8
.9 4.8 0
.8 .3 0

---

1.8
2.9
0 J_—0.6

-1.6 —-
0 .8
0 .8min. at e nmba

o 1 32

0 -0.4 0.9
0.4 1.3
.2 Th
1.1 .7 1:!

33 3h 35 s 37

0 —- 0 0 0
0.7 -— 0 1.1
— -— .8 !.2 .1
-— . .9 1.6 2.3
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Figure2.-Resolutionof’theobliqueimpactintotwocomponentflows. .
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Figure3.-

Verticalcomponent,

Resolutionof theoblique
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(b)Horizontalcompnent.

impactintatwocomponentflows
Two-dimension.dproblem.
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Figurek.-Geometricrelationsfora straight-sidedwedge.
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Figure 5.- Variation of the velocity ratio vl/V~ on t~ si~ of a 10
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—.— _ Firstapproximation(eq.(12))
Secondapproximation(eq.(29))
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w

o .2 .4 .6 .8 1.0

I&action of vetted width, ~

Figure6.- Variationofthevelocityratio /V2Vq onthesideofa
straight-sidedtwo-dimensional-wedge.
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1.6
0 Theoreticalvalueof~ and~ fromeecond

approximation
❑ Averageexperimentalvalueeof B andE (need

for all computationsin thie paper)
—SuggestedcurveeforcomputingBandE

1.2
)- &. Q

.8
0 10 20 30 40 50

Angleofdeadrise,~,deg

(a) B or Bl factor.

.8

.4

0 10 20 30 40 50
Angleofdeadrise.,p,deg

(b) E or El factor.

Figure8.-Yawingfactors.

!tr

Figure9.-Thetwo-dimensionalseparatedflowabouta submergedwedge.
Transversesectionofwedge.
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~

Generateduave

—— — ——

(a)Yawedlandingofa seaplaneviewedperpendiculartoplaneoflanding.

1/

d

(b)Yawedlandingof a seaplmeviewedperpendicular
symmetry(fig.10(a)rotatedthroughtheangle~
Zt-axis).

Figure10.-Geometricslrelationsduringa yawed

toplaneof seaplane
abouttheZ-or —

seaplsnelanding.
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—
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Axisofyawingmoments

67

\

(c)Yawedlandingofa non-chine-immersedseaplsnewithoutlongitudinal
waterpile-up,viewedperpendiculartoseaplaneplaneofsYImnetrY.

(d)Yawedlading
water pile-upj

of a non-chine-imersedseaplsnewithlongitudinal
viewedperpendicularto seaplaneplaneof symmetry.

Figure10.-Concluded.
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Figure 11.- Theoretical time histories of ths side-force coefficient LI
for a non-chine-immersed wedge. (Ordinates and abscissas have been
multiplied by the factor 1 + K ta facilitate interpolation.)
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Figure 12.- Theoretical
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vaxiation of the meximum side-force coefficient
psrsmeter for a non-chine-immersed wedge.
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Figure 13.-Theoreticalvariationofthetimecoefficienttiththeapproach
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o 1 2 3 h
Approachparameter,E +6

(b)Cubvesforlargevaluesof 5E or 5~.

Figure15.-Concluded.
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(a)Rectangularflatplateviewedperpendic@r

.

.

.-

to theplaneofmotion..

Side~ ,
‘\

(b)
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.

sin‘4
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oftheplate.

Figure16.- Theyawedplaningof a rectangular

Rectangularflatplateviewedperpendiculartotheplaneof symmetry,-_...,., ...

flatplate. —
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Sideview Frontview

Figure17.-Yawedwedgeduringsteadyplaning.
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II Watersurface

\ \ \

Lnp>l
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Figure18.- Transtierse’sectionsof a non-chine-immersedwedgeforvalues

’11
‘f q taap~l.

.



,

1.2

1.0

.h

.2

0

4
0-l

0

(dv)
10 3.2 ~ti iqact data

Cl 6.3 frm tibleI (atmndmm
O 9.3 sidnforce)

y

A~@.Adatifrat.able VII

I I ! I I (

.2 .I1 .6 _ .8 1.0 1.2 l.h
htmp
%

Figure 19.- Variation of ~ cot ~ ~th ‘n
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Figure 24.-
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Experimental variation of the dead-rig=spect-ratio function
with trim for an angle of dead rise of 22.5°.
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—-Theoreticalsolutions
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1*
‘o ●1 .2 .3 ●4 .5
N* Time,t,sec

$- (a)7 = 3.P; 50= 4.2feetpersecond;~ = 71.5feetpersecond.

&

.4

.2

0 .1 .2 ●3 .4 .5
Time, t, sec

(b)T = 9.3°;to= 3.3feetper second;ii.= 67.1feetpersecond.

F@UR 26.-Comparisonbetweentheoretical=d expermntsldrafttime
histories.P = 22.50;w = 1.177pounds.
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Figure
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Figure29.-Comparisonoftheoreticalandexperimentalvariationsof
msximumside-forcecoefficientwithapproachpar~ter, .
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Figure32.-Comparisonbetweentheoreticalandexperimentalrolling-nmment
timehistories.~ = 22.50;~ = 120;a~= 2.96feet;W= 1177pounds.
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c
= 2.87fedj W = 1177pounds.
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I?igLlre34.-Comparisonoftheoreticalaudexperimmtal
for a non-chine-immrsed wedge.

5 6

time coefficients



Sxperiaelltkpwmredlmtrlbtiom

NACATN 2817

.“

tintWPoximatllxl(Q.(59)
)Eacondapproxl=tim(@q.(6O)

(a)T s.3.20;* = 60;& 1.1.

Figure35.-Theoretical.andexperimental.pressuredistributionsona yawed
prismaticfloathavingm angleofdeadriseof22.50.

—
—

‘-r

‘rhOOmtioalpmsm.lra(kLUtrlbutions

.

r



93

ExFerimmhlpmaauredistrlbntiond

.

.

20

I

##lo

o

Themntiwlpxs8ur0dMxihltlOm

(b)T = 3.20;y = 12°; $% 2.4.
c

-

Figure35.-Continued.
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s r —Equation (72)(VerticalvelocityfromtableV)
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