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To colloot and acnalder the remilte doiained ip

' to date,
{, Range of investigation
| Yaving moments and rudder hingo nomentas swere 3 '
LI messured over a ran o g ﬂpl‘ on & nugpber of rudder nnd
iloat oombinationo of 1/C, 1/%7,5 and 1/3,75 ccale vith the Il
{ . floats towed alon- the tmk Jithout sxdeuuy. Jiteia tests
3 were extended for onu ect of .losta und ono sgpocd to cover {
] a ranre of anclce o. eideelip and nlao toate on a 1/70 uvcale
model an a whirling arm, Heroe iho modol was towud along |
a of roular path, the tes.a Lein: mainly to investi -atu tie

technique of the method,

Conclugiong

At a speed of 10 knote in the firat sot o. teuis
the yowing momonts are uhown (o dep.nd preCaainantly on
rudder arca,and the hinzc mouente for rudders without bal.iroce
to dcpend on aspeot recio, Xtonding thuse tcsie to cover
a ran'e of aidoalip did noi provide much new in.ornacion Lut
enabled caloculations to be mado of the rudder angloe
required for maintaining a etrai:ht couraec in a siduwind,

The whirling arm meihod can ~ive moamiremunts of the turning
oircles obtainable wilth di ferent imdder anglee and on a
largar acalo could be oxtendo. to cover hinso momonts,
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which is relonued B6 thii thy veassr sun Tall %o the Jowes
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varied by ohunging the length of the flu). operating lever
'B*. fhe flup extendwd throughout the arwn uf the rudder
and the churd was 0.1 0f the Puddor chcrd,
iygder Mo 4y,
Thiv rudder ie rudder No.4 wmitiiout the flup.
{uader No.5.
ie & two-pouiticr rudder. It is einfilar to « ruider
JAde By thy Fairey Aviation Company wh.ich hauy buwn tected
recently on a Seal fitted ' ath lar,e bucyanuvy flootn.
During the jenora) Landling tewots ¢f thio ssuplone (M.A...b.

repert P/1288, ref.2.) thi rudder pruveu 10 bo very ¢i:00te

ive. It umo dewiswd tihsrefore that quantitotive tedtu on
this type of rudder uhould be nodu on 8 111.X. genplupna 3or
oompariecn with the othwr ruddera. They ruddor 1o ruulc of
two purto; part ‘E° io hinged and oontrolled in the normal
msnuer and pars ‘F' go a disc hingud oluse to ite edye at
‘@', A esbdle operated from the ocookpit ie attached to &
quadrant fixed to the hings pin. Thua, the dise oan be
raised for take off, lending and beaching and allomwed to
fall under its own weight for taxying.

Although some of the sbove rudders are only partially
balanced sxperience has showa that even & mmall bhalance area
oy Tesult in everbalence during lsading.

3.  sgheps of ZTewtg.

The report et refererno 1 showe that in etraicht
taxying at oonstant epeed tie air rudder ie slmost sz effeot~
ive in turning the sseplaws 68 the water rudders. In oon-
m-uum-hihpoﬁom of water
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fhe yumit, aunsbt of euoh prar of muter raddery tne
deteminud ovur o .ull ranga of wpeeds fres “wugure-.cats
of the rudo:sr angie .oiifed tu bulunes 2 drugue tomed Sroa
the wing. The twewiren sl mere pude durin, constunt ujpwed
rane st eel:cte. #niind cjuwedi vp vl lovn o “wasured ovursu.
Tha resiatunce cusf. Joduat of the Arogu: wdri vue Lhuwn
from meugurvwats ruwin duarin, tis: towte romirtal et reference

ALl thuy ubere toutn ceru rauls 30 culi, ~vutiar an.
whea ths “init dircctior. »au pursllel with tas gourse. bor
the mensure onte ol bingde acrwat .. Carides CunlPIle were
separatad; the pltul retainec ovatrsY of grs Tudler nad the
observer eaniriliai Liw otimr, Whe pest ol tie rudler under
the ocbeerver'e centrol *ss Litted vath u darge stdwel uny the
oontrol osblas were fed direvot te thu cboerves ‘s guuipit
where the force e plisi te thu Ouble wul sbuerved froa s
spring balance. Thuu frictien, uhich .u very large in the
3I1.PF:. wmater rudder control eystem mue alnoat vlininuted and

e sesplanc could be texied on u struipght veurss with the
side foroe on one rudder bulanoed by that on the other.
In addition to the above neusurenentu It us deetred

%0 determine ths relative effioiencies of the rudders “hen
werking behind yawed floats much as cocurs vhen taxying
a0rens wind and soroes tids, Qwing to the difficulty of
selueing the results of a seriee of such teste to a somnon
¥olee of the wind speed togethey ith $he imecuvenisncs of
waltiag for suy shouen stendard wisd epesd 1% wes more
-pcﬂm €0 simulate theee teute b, meking turne through
360°, The time te turn the eeaplune through 360° was
observed with esoh peir of ruddere oet over 200 foar three
valuee of the engine R.P.M.
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@roe’ wuter foroe covlfioient of
Suoh water rudaer,

dra,, vovlricient oy drogue,
trontul ares et drojue,
= urec of rvuter Tudier in tie mter,
= rudder an;le

a, is tihe slope of tue :;r'\ 7“ ourve,

Hinge mogen. :

Pull on rudder cabdle.
= redius of pulley,




e remlts of yawing snd hinge momenmte over the
useful range of wpoed.are given in Figs.b to 9, The ysring
mementy insresse up to 8 knots where thare is s falling
off as ths water level drope, snd then riss to a peak value,
Jor the mdsed mdidare (evept 10, 4) thi= paak coxrs st sbont 18 Mote where
4hs midars are buried in the eplash, When thie breake
olear the raised ruddere are searly out of the water eo that
4he yawing moments show a sharp deelins, The hings mamante
follow the yswing momente, but remain high at syeede beyond
4he pesk value of the yawing momente, as all the work ie
bweing done at the tipe.

4238, 3081 offeot,

24ge,8 and 9 show the remulte for rnddere No,6 on
the 1/9,5 scale pair of Zloato end on ths 1/3.75 moale
single float, .0 resulte aro of the same order up to
15 kmots, oxoept that ithe hinge moments for the dropped
radders are smsller on the 1/3,75 soale, 4t 16 msts ths
cotulie are diflerent beomime the flow breaks olear of the
sldes of the after body of the large float st an sarlier
spesd, It would seem likely tha$ this was due to soals efieo
radher then the absenoce of the other float beosuse when ths
hinge momente were megaured on one of the pair of small i
ilcate, the 16 kmot valuo was the sams with the rudder either
towards or away irom the ether lleat, i,e, the flow was
unafieoted by the ether Ileat, 7he attitudes were tho sane
for both ecalee of float,
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Jhe relation betwe.n yawing acment @d hings ament
8t tihiy e0d and peyr valusg at d1f eront rudder anrleg
ore ~iven 4 Pir,lc, Hmilay ourves for reotanmlgr Tuddsrg
e shomn 1p Rg.1l, . ‘ener:zl trendg ig oo ohort ;»hord
Tudders to tave g TTuatsr raiio os yawing moment to hings
mo:unt.

“he remic: are furthsy analyced 1n Pi~ 12 whers

“h8 zomlts zop 3€% rudder have baan besed op Bctual mgigr
dimensions, <*e immerjeq dimeneiong heve not bgoy used as inego
ATe indelinito wigy ths ruddere owung over, . Yawin: nomente
-0r She raigoq ruddero Are snown 1p Plg.124 to be pudaunlntlz
deendont op Tudder areg ior taoso rudderg tested, e
28rilally am sully 4,0 04 uddero wily 11 on diflerent
1:lnu- roughly ag indioatod , Ae 8 graeter

Sreatey
Yewing momant J8T unig Area, . g “inge Zoments Sor o given
Jawin- acment are given in Plz,128, 1p termo of ruddey aapect
ratio, for who rudders without bulance, ; ¢ remults 140
lauof.’.ctonly on one curvs,

oroe ut ape opscd and gt
either 8ign, i ohanpe or yawing .omept
and sidsiores with ruddgy angle is not auch aifeoteg by
udo.-up. PO ] linse homents for the droppsa Tuddsrs ape
a2>reoisbly Tedused o> increaseq €000rding to how the
noidence o1 ipe Tudder le changes by the midoslsp, The
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yawing memonts in Pig.13 show the floate to be airootionally
snstobls when sideslipped, which ie understandable in view
' of the !:u'so 4mneresd length ahesd oI the ountre of gravitr.
The instadiliiy 1e lese with ruddore dropped due to thelir
srester effsotive ares, It 1e¢ Juown that soaplance whon
turninz are stable direo.ionally, i.e. che pilot Lolde iro
tum on, not off, -herefore no ccloulations ol curping circlee
are posaibls from thess teeto, vut these are diecusced later
and ths oondition of holding a straizht couree in & sidewind
has besn considored rere as o means o: comyariag the rddera,
It 48 not alwaye a praotical oase ae tho eosplane 1e eldevays
on to the waves,

a8 1t was Imown ihat the sideforoo soting below
the oentye of gravidy would cmoe the floats to roll oll-hily,
s fow meoeuremente were mado of the angle of roll tho floate
Sake-up., It wae found that 10° of sideellp DProdueed 39 of
roll, which left tho yswinz mouente unaifootod for the dropacd
ruéders and deoressed thom slighily when raisod,
. In makiny the oaloulatione to find the ruddor anrlo
%0 maintain s etraight oourse in s sidewind, assunpiione
havo besn made for the aerodynamio part ol the oalculationa.
The dimensione oi the seaplene used with ruddere 30,6 were

oombined with semerulised valuce for serodynamio eide iorse

;md yawing -uuto.l"'

It was aseumed that the

alyr and weter ruddere moved throush-ihe eame angle, he
balenos of the foroes and momente {nivolved 1e aa fellowe,

2he weatheroock stadility of the soaplane turme it round into
the wind and the floste inorsace ihie tendenoy due to their

diveoticnal inatability., 2he ilot oounteracte this by moving
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e eir end water ruddera over until balanoce in yaw ie
ashieved, mad tha mideslip throuch the water builde up until
the water sidefores 1eegal and oprosits to tho norodynomio sidoferce .,
he sidewind that oan be dealt with ie shown in Ag,.1s, the
lagrem st tho top of the figure showe the dircotione assumed,
The superiority of thc.drop;od rudder ie a;ain ovidenced,

Sa8s VBIZling axm tests on yudders 20,6.

4 small whirling arm wcs nede to {it sorosa ihe
Sank with a view t0 exuuining the tuchniqus of tesiiny ruvd. uro
with the floate tarinm; v« oircular sath., as the ddih of
she tamk wae 9 ft, ihe scale wan reotricted to 15U, .Jusis
were made at & epeed corrogyondins to 1U imote full occale,
the model beins towed on B Lhrecd ceriied from the roiailng
am, At eash raliue the rudder anrle wee adjucted vo ihat
the thread 1lay elons the alrsorew sxie, 1,0, tho model was
towed se 1f by the alrsorew, he abeence 01 the aly vdder
makea the turnin; oicolee larger than they ould othoruiee bo,

4 photogrsph of the model in FPiz,.17 showe 1t
oireling and towins small sli)e of wood ¢0 demonstreto the
£low path, Iz tha lower diagrame the model 10 shown in
shelaton Zorm with the elips of wood, lircnlar arce show
roushly the zeomstry of the turn and the sideaslip et the C,G,
The local eideslip chanree wirn ulong the floet; co that
the flew oroeees the stome st s conmldersble anxlo (about
20° 45 the left hmnd disrrmm), and much roduceo the
offective angle o the rudder, <his ohanre produces
@ireotional etability, 1,8, 1. tie 1udder 1e oentialiesd
the tu:.'u etraightens out,




- 10 -
In Pig,18 the resulte are given for rudders Mo,6.

Bo great relisnce may be placed on them owing to the small
scale, Jhey show however (a) that there is an sdvantage i»
uneing mader angles up to 60° instesd of the usual 1imit of
50° (b) that there is some sdvantage in moving the rudders
differontially sc that the outor rudder is at & smaller
estting than the inner, in that the msan rudder angle required
20 & rivea turning circle ie less than the mmgle requizred
when both are at the eame setting; on the other hand $le minimam
ddmmetor obtainable is not eo good, and (o) that im eontre-
dstinotion to the other tests the raised rudders are alijhtly
more effective than the drcpped ruddere up to & rudder angle
of about 40%

In view of (o) the 1/20 scale floate wers towed
aleng the tank in a straight path md 1t was Zound heyre that
the drojped rudders were the more offeciive, This shows thad

the compariecn 1e depandent on the method of test and sinmee
the oireling path bears a cloeer relation to their sustemary
use full scale, the whirling arm methold, on a model of
reasonable eiee, ehould be the more reliable,

] wi ele.

the effectivanees of some of the rudders full seale
10 known from tests at the M,A.L.L, md these are differentisted
inPig,1C, Rudder No.,4 was insdequate and Nos,l, 2, 5 and 6 owb=
isfaotory, this is in szresmant with the model tests in
that No,4 has the minimum rstioc of yewing moment to Nimge
moment, The dividing line between satisfastory and unsatis-
factory rudders 1ies between rudders No.4 and ¥s.8 (raised),
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In the modal tiets No,8 (ruiazsd) uppiare to be raothor
inadaquato, dut 1t wos oonsidorad so sctiefaotory full scalo
that tho dropping mochanism vas ramoved ond wll rudders o!'
this type wore fixzod in tho raisasd position. Thie suggeets
agriement with tho whirling sm toete.

$. Hotes on todder desim,
$.l._Baised ruiders without belmnce,

" Although the reissd and dropped rudder oomperisons
appear subjeot $0 the method of sast, it 1e prodadle thet
theee ruddere, all of one type, are comparable on the dasis
of Mg.l2, 1The following notse on these rudders ineluds
values vhioch are therefere oomparable dut not abaolute,
exoopt momentarily as the ruddere are moved over and before
the tgrn has etarted,

Assaning rudder No.,8 to bhave the limiting require-
wonts, Fig.8 showe that the messured yawing moment at 10 knots
for a ruader angle of 30° 1o 3000 1b.ft,, and the messured
hinge moment 125 1b.£ft. 7The ourve in PFig.l2A shows that a
yowing moment of 3000 1b.2¢. 1e obtainable with a total rwdder
ares of 2} eq.ft. JFor two rectmgular rudders 19 ins, deep
behind eterns of the seme depth, the ohord is 94 in,, e
aspeot ratio 10 8 and the hings moment from Pig.283, is 90 1b 2%,
The rectangular rudder has therefore a smaller hings moment
than the ehape of ¥o.S, due $o ite smaller aspect raido,

The method might be applied to different sizes of
soupl me assuaing the law of dynamioal u-tln'tv. ™hat 18,
with the taraning oirele proportional $o linear ssale or
{sll-ap weignt)!/3, moments and sontrel foress vary as,
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- (2emp Iu‘t.)‘/'. Vith the pilot's etrength a gonetans
Sa0%07, & 1init will be set to the size of seaplane he ean
Winage without either balanos or suxiliary power. The
2inge mement figure of 90 lb.fs. would de reised to 125, the
saggested 1imit, when $he all-up weight waa raised to 9500 1b,
O e other hand, for a mmaller seaplons the area oould be
ineressed st the expenes of the aspsot rasic, Zor instanoe,
42 e all-ap woight were halved, i.e, 3750 1b., & hinge
usamms of 90 1).£4, ocenld be realised for an aspeot ratio of
000 80 Shat the ayea and yawing momens would be more than
.deudle the dynsmisally similar amount of Pig.l0A.

L. _Bifeet of sudder belence,

} ﬁnmmunn.amilrhu—yh

" Lightemed By setting beck the hinge, provided that the amount
18 inmuttisimt %0 overbalmnos the oontrol at emall angles.
Shis was 4o smosessfully for wudder No.l and $he rasic of
Foving uenen’ 10 hinge momens in Fig.10 wes doadled. 4
sadder angle of 3.5° vas teeted %o make eure there was no
overtalanes, With this type of balance there is a alight
anger of flotsem Deccming wedged betwesn the rudder and the
Badders Nes.0 wmd & (4drepped) are of Whe homn
.mn-l“-nmm‘nuuoty-mmu
4 Mings nement than aversgs, IV 1éa been fousd tlat ell-
SViRg oir yedders besope fully dalszeed with ocnly balf the
‘Slanee ases of 120 rudlers pluced Mehimd & 2in, T
ome geobadly holds sor water redders,

’
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“wo practioal pointe ikLat eries with rudasras
1ike 0,5 are thet the dro)_ed zart movea between iwo :laley
end thore e come likelihood of sand Jamming tho dropgsing
mechaniam, aleo that 1f the aseazlane 18 landed wiik the

ruddars droyped so that tus lower portion only ls immoru.sd,

then thie lowsr rortion Lu3s an excessive erovoriion of
belanos, “he mddsr is thsn li%ely te be lorcod round und o

lowor portion beat up sideways,

7, Dotes on methode of madel ieytg.

Jcote by to~in- tho model «lon_  ciie tani with o
sideelip have tho sdvantago o simplioity and the uao of
existing apparstue., .xtem ing thees Lo0sty c0 cover a ran'c
of an lee of sideslip oonsiderubly inoreaseg iho wiount
of work involved without ap reeisbly exiendin~> tho uscivlnuaa
of the remlis, -he wilrlinz ers auiiod ap uars .0 be
2reotioal and hae the sdvania~o that the floute are tosted
under oonditions moet oimilar to their ues in precdlco, 4
souare shallow tank {e shortly to beooms availoble and 1t
1w suggosted that it might be ueed for whirling arm te...u
on modsle of the 1/7,5 aoale sizs, Ths method would nood

extending to oover hinge momsnte,

eforencs s
Mthor Titls
Porring & Cnllen, Momsntc and forous on & yured

aodol asroplane,
F Joport 0, .4.80C, #8b,1950,

Clark & Callen Wind tnniel teutu on the forecuu
arising when alrovaii ore
oatgpulied into oide winda,
Report o, Deds97c, Jrly 1932,
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Tabls 1
astuel full scals dimeneions
b b s Nl }fgf‘?}_ﬁ}
1 19,5 N 7560 26,62
2 /7.5 7560 27.1 (to hinge)
3 1/g 10400 28,91
445 /7.5 5550 25,0
6 1/%.5 ana 120 7600 26,5
§ and :.'to EYRNR 1 7600 26,5
' N

inctore for oonversion to uniform eize of float

2.l the results and ihe dimonelions ziven in Teble 2
and 7igs.l and 2 have beon converted by the following factors
to a comon all-up weiht of 7500 1b,

Iinear dimenoions s 7500 1/3 |
aXI-tup welght

Homent ( 7500 4

ioments { 5 wm} /3

o dd T SeToRE
—~up welg)
spoed s I 7500 127
all-up wolght)
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Igble

Sudder dimensions

Lot lul) soale 5t germon ;11-up welpht oi 7,500 1b.
2pe98 16 kncte here iumarecd

——
alos bslgnced —, Length _..:.
when when | to 1l
dry mmersed | jolnin

hin .

——-‘——-—\L_____

——

1/7.5 ena 1/8 sosle pelrs o iloate

e 9 a

2.9 28

2.8

«0
9.0
6 (raised) 1.8
6 (drospec) 241

8dele single

6 (ruleec) 1.8 o

6 (dropped) 2el 12
A (Plgey) 0.9

"
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SPELD 13 KNOTS
RUCOER -20°

SPEEL 13 KNOTS
RUDDECR + 20
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RUDDER N'4 INNER SIDE
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