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TECHNICALNOTE2815

A THEORETICALINVESTIGATIONOFT!KEEFFECTOFPARTIALWING

LIFTONHYDRODYNAMICIARDINGCHARACTERISTICS

OFV-BOTTOMSEAPLANES INSTEPIMPACTS

By JosephL. SimsandEmanuelSchnitzer

SUMMARY

A theoreticalinvestigationismadeofthemotionsandhydrodynamic
loadsexperiencedduringtheimpactofprismaticV-bottomseaplanesin
thestep-landingconditionwherethewingliftisa constantfractionof
theweightandtheresultantvelocityisnormaltothekeel. An approxi-
matemethodisgivenforapplyingtheresultsofthisinvestigationto
themoregeneralcaseofobliqueimpact.
anequivalentnormalimpactforanygiven
thatthepercentagechaugeinloaddueto
sameinbothobliqueandnormalimpacts.

Equationssrepresentedwhichrelate

Thismethodinvolvesobtaining
obliqueimpactandthenassuming
a changeinwingliftisthe

theloadandmotionvariables
throu~outa normal-impactandit isshownthatthesevariablesmaybe
expressedasdimensionlessquantitieswhicharerelatedby a single
parameterk. Thisparameterdependsontheunbalancedwingliftforce,
theinitialconditionsoftheimpact,andthehydrodynamiccharacteristics
of theseaplane.

Theresultsof theinvestigationarepresentedintheformofdtien-
sionlessplotswhichmaybeuseddirectlyto determinetheloads,motions,
andhydrodynamicpitchingmomentsatanyinstantoftheimpact.These
resultssuggestthattheincreaseofhydrodynamicloadisapproximately
133percentofthedecreaseinairload.

INTRODUCTION

Thepresentpa~r is concernedwithanevaluationof theeffectsof
reducedwingliftduringwaterlandingsof wide-besmedprismaticV-bottom
seaplanes.Previouslyhydrodynamictheorywasdevelopedforoblique
impactsinwhichthewingliftwasequaltotheweightoftheseaplane
fortheentirerangeof trimandflight-pathangles.(See,forexsmple,
ref.1.) Thistheoryhasbeencheckedexperimentallyandwasfoundto
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t
agreefairlywellwiththeexperimentalresults.A solutionof.seaplane...; ..:
impactequationsforpartialwingliftwaspr&sented.inreference2. =
Thissolution,however,wasobtainedby assumi~thefloat”tabe of i.“_
infinitelength,toenterthewateratzerotiim,andtohavethemass
andwingliftuniformlydistributedalongitslength.

.—

Thepurposeofthispaperistopresentthesolutionofequations
forseaplaneimpactswithconstantpartialwingliftwheret= resultant
velocityisnormaltothekeelandto diSCUS6 theapplicabilityofthese
resultstothemore..pract-icalcaseof oblique—seapltie”mpacttithp=- _
tialwinglift.

Thepresent--investigationdiffersfromthe”treatmentgivenin
reference2 forpartialwingliftinthatthetheoreticalan~ysisof

.-

thispaperismadeforpositivetrimsj whereasthe-analysisofrefer-
ence2 wasmadefor0“0trim. Theproposednofmal-impacttheory@ermits
a closed-formsolutioritobemadefromwhichg~neralizedcurvescanbe
constructed.Althougha similarsm.alysiscouldbemadeforthecaseof
obliqueimpactwithpartialwinglift,suchananalysiswouldrequire
numericalmethodsforsolutionandwouldlead-toa greaternumberofless
generalcurves.Theresultsofthenormal-impactanalysiscanbe used,

.—

however,intreatingapproximatelytheoblique--casebythesimplemethod”-”
describedinthe”text.Theuseofthissimplemethodwouldresultina “.

.—
t.

substantialtimesavingoverthatrequiredby theuseofa detailednumeri- .—-.
calprocedure”.

SYMBOLS

cd nondimensional

CFV nondimensional

cl nondimensional

Cms nondimensional

draftcoefficient,ti- ““ -

Fvg
verticalhydrod@mic-76rcecoefficient,—

W;02A

.,zverticalaccelerationcoefficient,- —502A

pitching-momentcoefficientaboutthestep-keel

POint,“3($% sin. cos .
—

c~ nondimensionaltime’coefficient;t&A
F

b
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verticalcomponentofhydrodynamicforce

accelerationdueto gravity

seaplanewingliftinverticaldirection(aconstantpercentage
oftheseaplaneweight)

pitchingmoment

timeaftercontact

seaplsneweight

&rsftofkeelat step, normaltoundisturbedwatersurface

vertical-velocityratio

angleof deadrise,deg
.

dead-risefunction

flight-pathanglerelativetoundisturbedwatersurface,deg

sinTapproachpsm.meter,siny. COS(T + ~o)

tipactgeometryconstant,
k~:::::::T3

() Lgunbalanced-lift-forceparameter,1 - ~
;02A

Imassdensityofwater

trim

aspect-ratio(end-flow)correctionto totalhydrodynamicload

Subscripts:

e effectivevalue
i

f oblique-impactcase

<
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1 conditionofwingliftequal.towei@

k conditionofwingliftlessthanweight

m referringtopitching-momentsolution

o initialconditions

s conditionsat step

.2–. -

A dotovera symbolrepresentsdifferentiationofthatparameter
withrespecttotime.

—
ANALYSIS

BasisofTheory

Inthepresentanalysisthefolloyingassumptionsaremade: The - ‘
impactisassumedtooccuratconstamttrimwithnopenetrationofthe
chinesbelowthewatersurface;theresultantvelocityisassumedtobe
normal.tothekeelwiththewingliftve”rticalandequaltoa constant ●

fractionoftheseaplaneweightthroughouttheimpact.

Theverticalcomponentofthehydrodynamicforceforan impactwhere P
theresultantvelocityisnormslto thekeelisgivenbythefollowing
relation:

~(Pf129(A)Pfip..“y
Fv = ZZ+3ZZ

6 sin-rCOS2T
(1)

whichwasobtainedfromequation(12)ofreference1 forthiscase,where

f(p)=$-l

and

Q(A) =1- ‘aT .-2tanp

—.

w
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3 Ifthe
equationof
hW tothis
becomes

.

EquationsofMotion

foregoingassumptionsregardingwingliftareused,the
motionisdeterminedby theapplicationofNewton*s-second
hydrodynamic-forceequation.Theequationofmotionthen

~., E(P129(A)pfi(z3i+3/i2) .W(l L)--z. -—
g (2)

6 sin-rCOS% w

Thisequationexpressesthegeneralrelationshipthatexistssmongthe
variablesatsnytimeduringtheimpact.Theequationmaybeexpressed

..

as

where
>

(1+A3Z3)E+ ~3Z2fi2
()

=gl-:

andcanbe integratedtoobtainthefollowingrelationship
draftandthe

Whenequation
isobtained:

verticalvelocity:

(~ ● ~3z3 .2)2Z = 2(1.;)g(z,A3+) + ,.2

(3)

betweenthe

(4)

(h)isintegrated,therelationshipbetweendraftsadtime

Zk
() L&2+tioz+A3—= 1k -G2 (5)

Equations(3), (k), md (5) maybe expressedintermsof thefollowing
nondimensionalveriableswhichwereintroducedinreference1:

.,
cl =-—.‘2Z.A

(6)
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x

Cd= zA

c~ = t;oA

Equations(3), (k), and (j) thenbecome,re@ectively,

where

()-(’+‘d3)cl+3cd’2&2‘ ‘

()Cds
cdl+~ =$cta+ct

Foranygivenv~ue of ~
tionships.thtexist~“u

(7)

(8)

(9)

(lo)

u
.

(n). ”

{

equations(9), (10),and (11) givetherela-
thenondimensiond-variablesduringan @aCt.

Hytiod~micForce

h contrasttotheequationsof reference1 inwhichthehydroxic
loadwasequaltotheinertiaforce,theliftforceandwei@t ae not ‘
balancedfortheequationsdevelopedherein.Theloadonthehullbottom

isobtainedfromequation(1),whichcanbeexpressedintermsofthenon-.J
dimensiond-variablesasfollows:

(12)
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where

Fv
cFv=~&

o

HydrodjimnicPitchingMoments

Thehydrodynamicpitchingmomentaboutthestep-keelpointfora
fixed-trim,step-landingimpactof a seaplaneisgivenbyequation(16)
inreference3. Forthecasewheretheresultantvelocityof thesea-
planeisnormslto thekeelthisequationbecomes

(13)

where
of the

R

4

PM(A) is similarto P(A). Equation(13) maybe writteninterms
nondimensionalvsriablesas

wherethepitching-moment
by

(14)

coefficientabout

-J

thestep-keelpointisdefined

T COS T (15)

Inthispaper qm(A) is assumedtobe equalto T(A).

RESULTSANDDISCUSSION

Theequationspresentedintheanslysispermitthepreparationof
dimensionlessplotswhich
motions,andhydrodynamic
Therelationsbetweenthe

●

endmotionsduringnormal

●

maybe useddirectlyto determinetheloads,
pitchingmomentsatanyinstantof theimpact.
nondimensionalvariablesdescribingtheloads
impactsaregiveninfiguresI to6 fora rsnge
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*
ofvaluesofthenondimensionalunbalanced-lift-forceparsmeterA from
o to2. Theseplotsindicatethattheacc~leration,velocity,draft~
hydrodynamicforce,andpitchingmomentincreasewithdecreasingwing -r
lift(sinceX increaseswithdecreasingwinglift).

Figure3 showsthatthedraftapproachesinfinityastimeincreases
withoutliinitbecausethebuoyancyofthefloatisneglected.Thedashed, .“
linegivesthevalueofthenondimensionaldrsftatthetimeofmaximum.
nondimensionalacceleration.

Infigure7 themaximumnondimensionalverticalhydrodynamic
—

force CF ~_plottedagainsttheunbalanced-lift-forceparameterk.
‘msx —

Thedashedlineonthisfigureis’sstraightlineapproximatingthefunc-
tion.Thus,theagreementbetweenthetwolinesshowsthatthemaximum
valueof-thisTorteissm increasingapproximatelylinesrfunctionof the —

unbalsaced-lift-forcepsrameter.

Thephysicalsignificanceofthenondimensional.plotscanbe visualized
fromfi&.ire8. IrIthisfigurethedi~fere~cebetweentheratioofmaxi- ~
mumverticalhydrodynamicforceto weightforthecasewherethewinglift
islessthantheweightandforthecasewherethewingliftisequal.to
theweight(asobtainedfromthestraight-l@eapproximationoffig.7)

--

isplottedagainsta functionofthelift-to-weightratio.Theincre-
*.

r)
mentalhydrodynamicloadfactorA -# is seentovaryfrornOto1.33 “ ~-

max
asthewingliftgoesfroma valueequaltotheweighttoO. Thiscurve

()Fv ()

Fv -
isvalidforallvaluesof

7 ~=
where isthemaximum

Y ~H
nondimensionalverticalimpact-loadfactorfortheconditionwherethe
wingliftisequaltotheweight.Thiscurveindicatesthattheincrease
inhydrodynamicloaddueto a decreaseinwingliftisapproximately
133percentofthedecreaseinairload. Thus,theeffectof winglift . _
onlandingloadsis-greatestforlargeseaplanesthathavelowdesign -.

impactloads@ couldresultina 4&percentincreaseinloadfora lsrge –
flyingboatlandingwithan impact-loadfactorof 3 if thewingliftis
variedbetweena valueequaltotheweightandO. Forlowerdesignimpact”
accelerationstheeffectofwingliftisgreater.Thevariationof lift

—

thatappearsintheabscissaoffigure8 cm be expressedasa function I
of k,themsximumloadfactorforliftequaltoweight,andthemaximum
generalized.loadfactorof0.6fortheconditionofnormalimpactinrefer-
ence1. Inasmuchastheusualrangeof in~erestoj?impact-loadfactors

—

isfrom1 to10,therelationshipexpressed=intheabscissaoffigure8
gives anindicationoftherangesof A thatwillbeencountered.If
thewingliftisO,thisrangevariesfroma valueof A of,0006here ~

v
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0

()Fv ()
Fv

T ~= is10to a valueof A.of0.6where
T 1~~

is1. Ifthe
k

ratioofwingliftforcetoweightisbetweenO and1 thevaluesof this
maximumr-e of A tillbe decreased.Whenthewingliftbshncesthe
weight,thevalueof A isO.

,

APPLICATIONTO OBLIQUEIMPACT

Theeffectof wingliftontheverticalaccelerationandthever-
ticalhydrodynamicloadexperiencedduringa normalimpactmaybeused
inanapproximatemethodtofindtheeffectofwingliftduringan
obliqueimpact.As a firstapproximation,theeffectof wingliftis
assumedtobe thesamefornormalandobliqueimpactshavingthesame
valuesofmaximumaccelerationandthesamethe tomaximumacceleration.
Thisassumptionappearstobevalidup tothepointofmaximumaccelera-
tion,sinceinthisregionthetimehistoriesof thenormalandoblique
impactshavesimilarshapes(seefig.8 of ref.1). Consequentlyjby the
useof thisassumption,thethe historiesoftheverticalacceleration
andtheverticalhydrodynamicloadforanyobliqueimpactarecomputedas

● follows:

(1)Obtaina valueoftheapproachparameterK fortheoblique
4 impactfromtheequation

Sill T
-— COS (T + 7.)K – sin70

where T is thetrimand 70 isthe

(2)Computeaneffectiveinitial
equation

(cl Ct
. )lmsx lmsxf

i. = Zoe
( )C%laxc%lx K.()

(16)

initialflight-pathangle.

verticalvelocityfioefromthe

(17)

where Czlu and Ctlm areobtainedfromfigures9(c)and(d)of
reference1.. Thesymbo~CZ

l-ma
designatesthemaximumverticalaccel-

erationcoefficientmd Ctlm designatesthecorrespondingtime
J coefficient.

— —
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(3)Compute~ effictivev~ue oftheimpactgeometryconstant&
e

fromtheequation

~=A

where
1/3

1~(P]2q(A)Pfi

6 Sill T COS%

(18)

f(p)=$-l

q(A)=1 -2t~’&TP__

(4)Computeaneffectivevalueoftheunbalanced-lift-forceparam- “ ‘
eter ke fromtheequation ..- -.

.-

(19)

(5) Use theseeffectivevaluesof ~oe,~, md he “intheplots , . :
ofthispapertoobtaintimehiGt-oriesoftheaccelerationandhydro-
dynamicloadduringobliqueimpactat constantpartialwingliftupto
thepointofmaximumloadfactor.

To illustrate,considerforexamplethecaseof a flyingboatlanding
withthefollowinggeometriccharacteristicsandinitialconditionsat
watercontact:

w = ~0,000lb - ;0= 10ft/sec
p=250 . p = 1.97slugs/cu
T=9° L= 25,000lb
70 = 6°

●

ft

w
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Fromstep1 ofthecomputationalprocedureK = 1.45 which,whenused
withfigure9 ofreference1,yields

rz%x), = 1.9!5

a’ (’hm=)f=Steps2, 3,and4 ofthecomputational

koe= 23.42feetpersecond,& = 0.168perfoot,and
foot,which,whensubstitutedforthequantitiesfro,

figures1, 7,and8 leadtovaluesof
()
-2 = 1.83,
Y=

()-
Fv

and A7 = 0.67.

CONCLUDING

md Cq = 0.52
f

proceduregive

& =0.iT5per
A, and k in

()

Fv
T- = 2.35,

A theoreticalinvestigationhasbeenmadeof themotionsandhydro-
dyusmicloadsexperiencedduringtheimpactofprismaticV-bottomsea-
planesinthestep-landingconditionforthewingliftequalto a constant -
fractionof theweightandtheresultantvelocitynormalto thekeel.The
analysisshowsthat,foranygivenstageduringan impact,themagnitudes
oftheloadsndmotioncoefficientsofthefloataregovernedby a single
dimensionlesswing-liftpsxsmeterk.

Theincreaseinhydrodynamicloadfactorduetoa decreaseinwing
liftwasestimatedtobe lessthan1.33formostpracticallandingcondi-
tions.Thisincreaseofhydrodynamicloadwasshowntheoreticallyto&
approx@ately133percentofthedecreaseinairload. Thiseffectis
largestforlargeseaplanesthathavelowdesignimpactloadsad isof
theorderof a ~-percentincreaseinloadfora largeflyingboatlanding
withan impactloadfactorof 3. Forlowerimpactaccelerationstheeffect
ofwingliftismuchgreater.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyField,Vs.,July21,1952

.

i



12

1.Milwitzky,Benjamin:A

YACATN2815

u
RD?ERENCES .—

a
GeneralizedTheoreticalandExperimental —

InvestigationoftheMotionsandHydrodynamicLoadsExperienced_
byV-BottomSeaplanesDuri~ Step-LandingImpacts.NACATN1516;
1948.

2.Benscoter,StanleyU.: EffectofPartialWingLiftinSeaplane
Landing~act. NACATN 1563,1948.

3. Milwd.tzky,Benjsmin:A GeneralizedTheoreticalInvestigationof the
HydrodynamicPitchingMomentsExperiencedbyV-BottomSeaplanes
DuringStep-LandingImpactsandComparisonsWithExperiment.NACA
TN 1630,1948.

.>—.

—



4!. ● ✎ 9

*

/’

/

L

<.2

/
\

1

7–

.6 1.2

Figurel.-Theoreticaltime
variousvaluesof

I I
2.0 Z.h

Tinammoimt, c~-ti#

h~storleaof accelerationcoefficientfor
unbalanced-lift-forceparameter.



14 NACATN 2815

4 .NO

1.6P
X=2

1.4
/ \

1

1.2
1/ \ \

1.0
0

t

.6

●h

.2

&

u

0 ●4 .8 1,2 1.6 2.0 2*4 2.8 3.2

T- coefficient,Ct= t~OA

Figure2.-Theoreticalthe historiesofvertical-velocityratiofor
variousvaluesofuribalanced-lift-forceparameter.

.

k’



15

.

i

$
II

J’

.

4

3.2

2.8

2*L

2.0

1.6

1.2

.8

.4

0

Figure3.-

.ll .8 1.2 1.6

1

/ / -o—

c
2.0 2.8 3.2

T3mecoefficient,Ct= t%&

.. .
Theoreticaltimehistoriesof draftcoefficientforvarious

valuesof unbalanced-lift-forceparameter.



NACATN2815

.

Ii

3.6

3.2

2.8

2*)J

2.0

1.6

1.2

.8

.4

1=2

/
\

.

--1--

0 94 .8 1.2 1.6 2.0 2.4 2.8 3.2
Timecoefficient,Ct=t~oA

T ““”[

Figure4.-Theoreticaltimehistoriesofhydrodynamic-forcecoefficient
forvariousvaluesofUnbalsmced-lift-forceparameters,

.

w



3C NACATN 2815

.

17

.

.

.

3.6

3.2

2.8‘E

2.0

1.6

1.2

.8

●4

o .4 .8 1.2 1.6 2.0 2=4 2.8 3.2
I&~ft coefficient,cd= ZA

v

Figure5.-Variationof theoreticalhydrodynamic-forcecoefficientwith
draftcoefficient.



‘“’m
1.6

--

+
.8 ,

.6

●

.2

0 J&

I

Figure6,- .Theoretical

.8 1.2 1.6 2*O 2.4 2.8

Timecoefficient,Ct=t~OA

the historiesofpitching-momentcoefficient

3.2

for

t-‘:—-, ,-

--

various values of unbalanced-lift-forceparameter.

●



NACATN 2815 19

1[

ii

$

.

.

Figure

3.6

3.2

2.8-

20LL

2.0

1.6

1.2

.8

.4

0

— !lheoretical—
-–– Straight-lineapproximation

/

1.5.5 1.0

() &g
Unbalanced-lift-forceparameter,k = 1 - ~

. ~02A

2.0

7.- Variationof theoreticalmaximumhydrodynamic-forcecoefficient
withwibalanced-lift-forceparameter.

.

i



o .2

/

/

.

/’

A .6 .8 1.0

Unbalancedgn--ltyP=3metc-r,(1 .;)= J-&jk

Figurea.- Variationof incrementalhydrodynamicl~a factor fi~,, mbalanctigravityparameter.


