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FORCES AND MOMENTS Or A SEAPLME OE THE WATI!W’.,

By M. Kohler

I. IHTRODUC!I!IOM

The designers and pllote of seaplanes should
thorough knowledge of the aotion of air and water
ing otq)ects. This is possible only when adequate
namlc and aerodynamic data are at their disposal.
problems Involved are so oomplex that they cazmot

have a
on float-
hydrody-
The

be solved
by theory alone. It Is neceesary to find the right combi-
nation of theory and e~erimental data. Pull-soale tet3t0
are not e~edient or necessary for a comprehentalve syst~
matio Investigation. Laboratory research is more suitable.
The problem has already been tackled from the e~erimontal
hydrodynamic sido (roforonce 1). This report gives the re-
sults of wind-tunnel tests with a seaplane model as a con-
tribution to the solution of the aerodynamic probloms.

II. TESTS

In the tests it was assumed that the seaplane rested
motionless on the water and was exposed, in various posi-
tions with respect to the supposedly flat surface of the
water, to a uniform alr ourrent at O0 to”360°.

L.)_MW&- The tests w-e made with the model of,,a
twin-epglae seaplane from the Helnkel works In Warnenmnde.
The biplane cellule had a straight upper wing and a lower
wing with a slight dihedral. The two lateral engln.ena-
celles were between the wings. The fuselage and tall eur-
faoes were of the ~onyentlonal’ type. The twin floats had
the usual form and arrangement (figs. 1 and 2). The prin-
ctpal dimensions of the model were: span b of both .

*nLuftkr&fte und Luftkraftmomonte an einem Soeflugzeug au?
dem ~asser.n Z.~.M., Augumt 28, 1933, pp. 442-446.

,

-.



. .. . .. . .. . . . ... . . . .. . . .. ,1.-,4 ., . . . . ...’ . . .. . . . :,.
. . . .% . ..>. . . .:

2 M.A.C.A~”Teohnioal Mernoruadum”Ho~”728”
J. ...,

,
‘. ..#rw; .P, . . . .

..=.

wings~ 1.296 m (51~02 In-.);maxl& ~hord” t““ of both
wings, 0.187 m (7.36 in-); total “w~ng area FS 0,4752 ma
(6W=.:Bq.ft.).‘“Other :dlmansionB.aaB .~e .olrt&ined..wp%qz&-.%
mately from figure 2 ●

.
2) Exmerlmental arr~nu emeq.~=- ;he tests were made In

the large G&ttlngen wind tunnel with the aid of the large
6-component balance (refe~encaa)~’”-gince, with the usual
method of suspending the model, the balance stand can be
turaed laterally only *18°, a special arrangement of the
model had .to be adopted in this case, in order to obtain
the’desi-red lateral range of O0 to 360° exposure to the .
air stream; Th5’swas accomplished by:suspsindiug the modil
in the wind “tunndl with the wings vertioa~, thus neces%k:.
tating the vertical installation of the plate .represeEi?-
ing the surface of the water (fig. 2). .In.order to be
able to I’&ing.the model. into any”.desired position” with .
referenoe to the plate, It was supported on..aball, so
that the center of the ball ”coincided with-the cen~tm of .
gravity of the model. The ball wita;the:alamping device.:
was mounted on a“rod-which.in $urn-form~d. a part “of tfie”.m.
model suppdr.t.(flgd. 2 and 3)A- The laterel”ad~uutmen~~i P“
was effected”by means of.a rotatable. disk in.,theplate.,..:
in which the float models were embedded to the proper
depth. The plate was hollow, so that the parts of the
clamplng device could be kept out Of the air stream.

3) Testing.- The teste were for the purpose of deter-
mining three ”force.components and three moment components,
iwe.+ the slx”conponsnts requislt.e tn a continuous process
for the defiblte deteralnatioq -of the aero@nam5c ”rssu3t-:
ants in space, These hix components were first determined
for the system of axes ftxed with respect to the wind tun-
nel aad at.an air velocity of.shout 30 m (98~:~.~t..)per
secon~c .Iiiorder, however., to be able to eonslder the: -.
phenomena as presented to.the seaplane pilot, the measwres
quantities were-mathematically. transformed so as :to corre-
spond to axes fixed with respect~to the seaplane. The “.
latter axes fbrm a Yect.angula~.might.whana system, whose
orlg@. .cOinc3dea with..the centq~”of gravity ofitliealrpl.ane
and whose post$ive xeexis is parallel’ to the pgopeller”axls
and “extends fozward -from the pilot~ -Thqmq~ntitl?8 -evaluat-.
ed are th~-tangent$+l force ~, the lateral force ,S, the
n“ormal“fo~cb “lT,”””:”t+lbroll”ii@rnorniW””Moo,.-””’fh:ti”@*t”ehktii””:

“Mho ,moment ‘“- “an~-: thbmyawihg mb~”~~$- &o. .(The-s“uWs&i~k””

—-
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0 .’@~i&~”e~..$~at tli&ra~erence axes p8ss”thaough’ th?:dd~-
tar of~~a?it&*).” ..Thp.po,sl.tionof the.rno~el.wtth g,efdrende
to $he platsm+s deB@n+ted by the later-alangle- ~7,~..the
pitc~~~g angid #i and the banking.ap~le ~- Thesq
foroeti,moments, and ~gleta are shown in figure 4. Inso~
far as possiblbJ th~.rules of the ~AIiUfor the standard-
izatiohoof.ai~oraft-notat.~on were followed”’(referenoe 3).4

~.?~~~s~~, i;~~~% measurements .at pitqhln~ angles 4 of”
and at lateral angles T“ of ..0 to i8Q0

or .kiOoc Moreo?er, a test was made ih order “to determine.
the velQolt@ eo.tirsenear the plate without .model (fIg~’5):.
‘“Thetest poiat Ie on t~e horizontal middle line.of the” .“
plate at 2&5 per~ent of the plate length ,L (= 2,4 d=’:.
?!.87 ‘ft.) from the leading e~ge.
of the .cig;from the plate is ho......

... . ...
... . .. ...

IIIo RESULTS..
. . .. \

. .

The-vertical distancb~
= 125 mm (4.92 in~)g “J..

\....
..

....

. .The”.testresults are represented nondlmensionally- ““;
.. .

The ~orbe.coefficients referto the dynamic pkqssure .q..~:
of the flow.velocity and to the wing area F: the .mbmsht
coefficients, also to the maximum wing ohord t. (See ta-
blo and figures 6, 7, and 8.) The abscissas represent the
lateral angles T = O to 360°; the ordinates, the force,
or moment coeffioientsa The plain curvee correspond go
the banking angle q = OO; the dash curves to q =.5 .
The effect of the suspension on the force and moment val-. .
ues was determined by a special test with the stispensioti
aloriej,in whlcih the.model served as a .Ilscreen.flZer~-. ~
pbint errors, due to imperfections In the mod~l or-.ln..3te
ad~ustment during the tests, were not eorrected~. -1’Qu&..6
shows the course of the forces for .the.edndltions.iMyebt.i-
gated.. The results of the moment measuremeztts, ae”’given.
in figures 7 and 8, coqtalu muoh information.for’.~udgltig.
the behavior oqothe water, In a lateral curhent,at .@Ilifi-
gle of about 60 , the rolltng moment Hqo in the horZ#oh-
tal “positton of the model hah approximately bhe game.”mln-
Imum value at all three of the pitohing angles Izvresti-.
gated. Aocording to the definition there is a morleat”
which tends to depress the starbaard wing Into the water .
so as to endanger the seaplane- Eer .-the-smallestpitch-.
iug angles tested, a second niatmun of smaller value ec-
.curs In a lateral cmrrent at an angle of about.150°. ,.Thq.. .....

. . . . . .....-

,:1 . .
. . . . . . .

. . . . . . .
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Comn-di.t.i..onqare .pimilar at later-alangles of T > 1800.*
If thd;q~aplane.already has a laterhl Inclinat i6h in the “
~l”rea%’i.oh_of a ‘right-hand or negative moment, %~en the
dangerous ““momentlnoreases about 37 peroent for-the maxi- .
- Z.origitudinal inclination in a lateral wind “of about
60 “~“ Th~”p@ values recur at lateral angles abo”ver180°.
T@Y” are riblohger very dangerous, however~ because thd
dbpressed’’half of the.wing is on the windward side.” A
current f~om the rear may become dangerous for the pitch-
is+gmoment Mho , especially at large positive longltudi--
Aal kcllnations. The horizontal tail surfaces and t>e
wiag are then struck negatively above their trailtng edges
by the air current, so as to produce a tail-heavy pitoh-
ing mopent. Zn this case the floats offer Iratlittle re-
sistance since, for technical reasons, they taper aft into
elender ttpe. Eerein lies another danger which, though
It seldom event-tes~ must always be considered in desi~:u-
ing the floats. The yawing moment Meo, due to the lat-
eral angle, is important for judg~ng the operating char-
acterlsttcs of the seaplane on the water. The model in-
vestigated efitttlted directional instabi~ity In all.lat-
eral air cnzrrentsg Tho longltudtaal tifi-dlateral lhclina~
tlone had but:little effect o“n t>e latqral moment. - “.‘

v -.. .. . .
. .. ... .
.. . .
..

IV-”SUti”&EY “ ..
. . .,

The results of the 6-component tests of a seaplanq~:”:
model over a plate representing the surface of the water .“
are reported and discussed. The tests were made at vari:
ous .longltudinal and lateral inclination of the model in
a lateral air curreat at O to 360°. The data oan be use-.
ful to seqplane designers and.pilots for judging the be-
.havlor of full-soale seaplanes on the water.-. This, how-
ever, represents only a mmdest begian~ng In obtaining. ex-
perlmental data .for solvlng the problem of.th.e,mutual re-
aotions of the water and air on the one .@nd and of the
seaplane on the other hand, The expertmerit,s shnuld”be ..
coatinued with seaplanes of other t~es. It would also
be desirable to supplement the eqeriments under con”sld6r-
ation by tests with various”~dder dofleotioas w~th “th”o
propeller running. .: ..”.. . ...

‘For the sake of clearness in the positions withotit la”teral
incllnatlon, only the values for T = O “to “180°. ard giv~n.
These valuee can be eymm@rlcally supplemetit.edfoa~th6:”&o-
gion between 180 and 360 .

!Pranslation by Drwlght M. Mtner,
Hational Advisory Committeo for Aeroxmutics.



TABLE-.——
yo 0&360 I30 60 90 120 150 180 210 240 270 300 330

-?5 ‘; 0.0345 0.0310 -0.0020 -0.0370-0.0180C:OT*O ‘-0.0525
-1.5 +5 0.0375 0.0330 0.0130 -0.0250 -0.0040 -0.0380 -0.0535 -0.0585 -0.0255 -0.0395 -0.0015 0.0390
+3.0 o 0.0295 0.0220 -0.0140 -0.0400 -0.0280 -0.0590 -0.0590
+360 +5 0.0305 0.0090 -0.0125 -0.0295-0.02= -0.0195 -0.0595 -0.0550-0.0460 -0.0320 -0.0075 0.0295
+8.0 o -0.Olao -0.0220-o ●0110 -0.0380-0.0330 -0.0465 -0.0490
+8.0 +5 -0 ●0190 -0.03604.0125 -0.0185-0.0175-0.0525-0.0520-0.0425-0.0300 -0.0245 -0.0160 -o● 0055

cs values
-1.5 0 -0.0045 -0.181 -0.289 -0.284 -0.273 -0.175 0
-1.5 +5 -0.0135 -0.226 -0.298 --0.292-0.305 -0.230 -0.0160 0.199 0.279 0.301 0.308 0.188
+3.0 o 0 -0.173 -0.295 -0.294 -0.276 -0.189 0.0010
+3.0 +5 -0.0650 ::.:;: -0.303 4.288 -o.298 -0.227 0.0565 0.229 0.278 0.302 0.306 0.163
+800 o 0 -0.269 -0.288 -0.264 -0.183 0.0110
+8.0 +’5-0.104 -0:271 -0● 305 4.288 -o.28’7 -o.136 0.115 00247 0.287 0.298 0.262 0.104

On valueB
-1.5 0 0 ●099 0.148 0.0895 0.0655 0.2.74 0.162 0.167
-1.5 +5 0.0880 0.238 0.137 0.0400 0.229 0.300 0.182 0.0670 0.101 0.0515 0,0020 0.037
+3.0 o 0.444 0.433 0.250 0.0805 0.0840 -0.149 -0.350
+3.0 +5 0.389 0.482 0.208 0.0425 0.167 0.0070 -0.276 -0.210 0.0250 0.0530 0.0730 0.250
+8.0 o 0.691 0.634 0.248 0.0700 -0.0075 -0.431 -0.694
+8.0 +5 0.712 0.676 0.288 0.0220 0.0510 -0.355 -0.694 -0.492 -0.0880 0.0460 0.193 0.557

cm~0 valueB o 074
-1.5 0 -0.0375 -0 ●161 -0.215 -0.126 -0.176 -0.205
-1.5 +5 -0.0440 -0.170 -0.240 -0.242 -0.269 -0.3.79 0:0885 0.196 0.0940 0.0650 0.115 0.0660
+3.0 o -0.0460 -o.156 -0● 222 4 ●121 -0.128 -0 ●105 0.0380
+3.0 +5 -0.0055 -0● 149 -0.264 -0.240 -0.243 -0.157 -0.0350 000590 0.0195 0.0610 0.157
+800 o -0.0580 -0.176 -0.240 -.(3.128

0.115
-0.0615 -0.0290 0.0215

=+8.0+5 -0.0560 -0.213 -0.330 -0.209 -0.143 -0.0895 -0.0310 -0.0880-0.0185 0.0700 0.160 0.0945
Cm~ values

-1.5 0 -o ●0345 0 ●0210.-0.0215-0.0070 0.0885 :.;;;0‘ 0.160
-1.5 +5 -0.041.5 0.0425 0.0125 0.0390 0.186 0.160 0.0105 0.0080 -0.0285 -0.0630 -0.0120
+3.0 o 0.0490 0.0930 0.0025 -0.0095 0.0375 -0:138 -0.302
+3.0 +5 0.0265 C&3 o ●0140 0.0265 0.141 0.0005 -0.207 -0.0575 -0.0335 -0.0665 0.0255
+8.0 o 0.131 -0.0065 -0.0315-0.0305 -0.368 -0~578
+8.0 +5 0.139 0:140 0.0640 -0.0035 0.0420 -0.277 -0.585 -0.455 -0.147 -0.0360 -o ●0155 0.0830

Cm~o values
-1.5 0 0.0085 0.113 0,141 0.270 0.335 0.247 -0.0085
-1.5 +5 0.0105 0.112 0.164 0.264 0.318 0.237 -0.0165 -0.284 -0.361 -0.278 -0.185 -0.118
+3.0 o -0.0015 0.0915 0.135 0.257 0● 339 0.244 -0.0030
+3.0 +5 0.0025 0.0910 0.148 0.246 0.326 -0.0080 -0.256 -0.348 -0.265 -0.169 -0.109
+8.0 o 0.0035 0.0575 0.128 0.221 0.292 0;223 -0.0100
+8.0 +5 -0.0055 0.0705 0.120 0.250 0.320 0.271 0 ●0105 -0.228 -0.337 -0.250 -0.172 -0.0885
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