
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADB804769

Approved for public release; distribution is
unlimited.

Distribution authorized to DoD only; Foreign
Government Information; NOV 1939. Other
requests shall be referred to British Embassy,
3100 Massachusetts Avenue, NW, Washington, DC
20008.

DSTL, AVIA 6/2322, 23 Jun 2009



Reproduction Quality Notice 

This document is part of the Air Technical Index 
[ATI] collection. The ATI collection is over 50 years 
old and was imaged from roll film. The collection has 
deteriorated over time and is in poor condition. DTIC 
has reproduced the best available copy utilizing the 
most current imaging technology. ATI documents 
that are partially legible have been included in the 
DTIC collection due to their historical value. 

If you are dissatisfied with this document, please feel 
free to contact our Directorate of User Services at 
[703] 767-9066/9068 or DSN 427-9066/9068. 

Do Not Return This Document 
To DTIC 



Reproduced    by 

AIR DOCUMENTS DIVISION 

liii:-1« 
;i !:: 

iiiili 
lililii'i!! 
IlllllilU * 

I 

HEADQUARTERS AIR MATERIEL COMMAND 

WRIGHT FIELD, DAYTON, OHIO 

issmsMBgm**** 



n ^«vrT'\ • >TI.I.>  ,m i .11 .. n    i 

sß6, 

US GOVERNMENT 
IS ABSOLVED 

FROM ANY LITIGATION WHICH MAY 

ENSUE FROM THE CONTRACTORS IN 

FRINGING ON THE FOREIGN PATENT 

RIGHTS WHICH MAY BE INVOLVED. 

**. I 
wmpmm-mmmmmmmmm 



L 

I 



tl 

All IftU 

Report ;'o.2.A,lD66 

Uovor.bor 1939 

2asi>HeutB on water rudder» for float no a, lonoa 

by 

!f. Clark, B.ac. J.l.o. 

A.k. i<ai;runco  :  550750/'. i/j. j.?.. 
8.».u.  i(elereneo:i),A,/&öl.ä/61 
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3CLL.HI 

jfgjJMI for enonlry 

So oolloot  i.ia oonalder the results attained,   p 
to date. 

flange of Investigation 

Yawing momenta and rudder hlnso nonente ..ire 
measured over a ran o of  speed on a number of redder und 
Iloat oonblnatlono of V".,  1/7,5 and 1/".7S  .rile •..1U. the 
floate towed alor.    the tank without Bldeellp.     .'ro.-.o ti*ats 
".ere extended lor one act of   .losta and ono  spot-d to cover 
a ranee of  anrlos o.   sldcclip and sloo to.ita on a V "0 veals 
modal on  a whirling arm.    H*ro fcho   noilol wae to.: -.1 alon.r 
a circular path,   the  tea-a Join,   a Jr.l;.' to inveeti -atj the 
technique of the method. 

Cone luol one 

At a speod oi  10 knots In the flrat set o.   tout a 
the yawing moments arc  uho-.m  to dop .nd predominantly on 
ruddor area,and the hin-u raouents for rudders without bal^r.oa 
to a-.-, und on aajsot ru*lo.      attending thuBe tuaia to cover 
• ran. a of aldoallp did not provide muoh new in. or mail on but 
enabled calculations to be mado of tho rudder an,-lea 
required for maintaining a atrni  ht aourse in a slduulnd. 
The whirling arm method can    lvo iwauuremunta ol tho turning 
sireles obtainable with dl.ferent rudder on.-lcs and on a 
larger aealo could be ortende   to cover hin-e moaonts. 

{.;,• Brae*». sChWSJ, t-2 

tiiCttf?'» V 
lC$ *»f '1L± -a 
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Kr a mtu« g* fi* **,£*. *?***>   -«'. •» t" • »»**•* »*5* 
•Irwrat».    ibt r...-.   *Hm ..T-.  •,!.. a.       •«, imsi .rf tit» 

Tina »tarn' i'iui.t    :ps t ,t-.   -:a \  '. «*•    j ..,, nü.» -. :!»B,s *.',««. jtj» 

»lö.B <$# the «Kai* .. P^^fl.v, 

SB« iWSW» s!*w* JVS,  PtJ-:(i-     »f.'      t-vä  •* ! :i.^S:JS to 

lÜUpdrüMV IMI   "kW   •  : 1  «~    Tan«««: .•",  f^ssjss 

'% i.    ' »1 J> :*i «jy 

• .4   V*     Tt-u« 

*'• IJ ..-4   r • <».•: J 

I»* w, i'sföaH.. «• i ••!• 

15  M^r^BJMB    :|i. 

in j'abl u 1. 

«Pütti* 'sfW 
SS*: ^J -s" •* S--.V 

jrt-otruae« te».',    . •   i     -•.-, -.*, 

jU-tl.   to   ,.i:u-    *i       II    SB».'   »f<  .."       i 

au« «iivn u t».u t fc1,   ^J*f»- sr '*•  .-.' * 

daasrubla ULI. ti...-. h'>.l a.  »--vi. --,, 

•w vwimit rfMFtB-*: i .>''-• *»»%    e9r r< fsraiu.-« J t« 4,»»o 

ßuo.i uont,rul vifw*».it rajatrj^ -j Wi ,.t   .he fl< ut utern. 

Bttddar «o.a.    ,Fii: i.) 

la u tr.o -po.:i tu •       ." •-, J«r      14 i j hUiyt 1 at  'A'  and 

rotutaa under tfci. ncm,:at ei   • in 0 S   reit».*, from a roiwd 

positiun t« t WS p»a;tJ«J...    in 11. Jit, t«tit: an and landing 

the ruddar 1« hal >! >» vi-> r-u >c . ;"31 ilor. % » "»lr« control 

«bleu IG rolonaart et tS«i *KS p^'-^p s.o. fall to tuo loicor 

Huudr Mo.«.    \n.a.*.l. 

M titt«d with «twaiüBg ,»i^ ist» 'mmmmiwr warn- 
• »• •ad rod -C • firoo * f lud hin«, at HPi    ite raiattoa 

mmm U» rodaor «M. n»D.aa«l^ «p -H», «taaar «tor tte 
-a*---      «im cnuriBäc niT—•• riMir M^ £Lü» IM« 1 ;W^Wfla^^W'      W-J^    •fl0^r,^S^:^^äM..  ^ww^^"f^^p -^iT^^ffS^^   ^^ÜW1 ^^W"#*IEi .SPfHW' 

^ <\   " •' ^^.äi 
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varied by ohunBlag the length of the flaj. operettai; Unr 

•B-. (an flop extended throughout th» a; a:, uf the ru.id-r 

aaa the chur J ma 0.1 of the rudder ohtrd. 

WMMf f'ift- 
Tbij rudder ie rudder So.4 »itlioul the flap. 

flHMrriiftiP« 
le a tm-poeiticr.      rudder.    It iu einiiir tu -> r.nj.r 

aiiae by thu Mirer Aviation Coepany ß.lch had been tested 

recently on a Seal fitted - ith larbe buoyanoy floate. 

Iiurlnj, ttie ,;»D«r..i beadUnG teat« of Una aeuplune (M.A....&. 

re; i rt P/XOBB, ref .£.)  tin. rudder pro»eu to be tur,,' m .ect- 

ive.   It ;»a deeirea therefore that quantitative teutu en 

thla typt of rudder uliould be uadu on a 111,».  *>-«lai>-i )'."• 

eonpariaon »ltd tire other rudder J.    The rudder is untie of 

tao perte; part •«• la hinged and controlled la tint »omul 

•annar and part •»" i» a dieo hinged oleae to »tu edt;e at 

•01.    A eable operated fron tba cockpit to attached to • 

ouedrant fixed to the binge pin.   «au, th» dlae eao be 

ralee-i far take off, landing; and beaching and alloned to 

fall «Mar lta eao «atgK» for tax/>aß. 

Although ana* of the above rudder» are only partially 

Ml—lit axperlenoe baa 

a« raaalt In everbalaao- 

I.     ajbjaj of fjnejej. 

(he report at ref*'-"ne 1 ebove that la »trutjht 

taiylag at eoaatant apead •••• air rudder la alaeat aa effeot- 

tva la twin th» aeeplaui. aa the eater rudder»,   la ooo- 

aaall dlfferanoee la the perforaane» of eater 

annot a» aweeared aeouratoly with the air rudder la 

aperatlea.    Mr theee teeta the air 
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*hu yurin    tuenul of eueii prir uf v,o*.c;   rjuttrj '.-.u 

daUmJnj.l mrar a ....lUl rmj.i 01° a*«edj <ru;.-. -lauaure-.cuta 

of the rudair aiii/u .s.l.ilrtM tu ouiuve a  Jru„uu  toned  i'rjo 

toe sine.    The :i«»uir.!.-,vi5j mrn nude durin,   uaiuituit ujied 

St eel .-eta.   ;ii,ia-- ..'»«JJ »•' uii.1   l.i'ti u   .ujnurv.l cuurw 

»oiuttwc c,   :• ;, i«.t 0? tn • aruji: BMU uue '.n;«i 

1 Bjaujur. v. He   !>.:•:   :.irjji„ t..-   t. wt* ra:'.:r!-l at r-f.-I-HHI-B 

1. 
Ail   Uu  »b.c«V  t»ut» «r>    1.J--  1" uul). '»litkl- ali.; 

shea tti    joi Jiriitluf. .-08: puralJel with ine ojurue.    fg» 

the B«»4»uro .VTIIU cf ii»i,;.- .itrojat t.. M^j > . iirjlj aero 

separated; the piinr i«'iinu. o.ntr-?  »f sr-i rv:icr mid in» 

observer bjr.it ill; i  Ins otiior.    «'ton pen*   .j Vic ruj^ur J.I ler 

tb« sbeenrer'« control \t.j fitteu 1 .til it irvv-  .U-ul uiu tlia 

aontrol osbleu «er« fad .ijr«ot tu tiw obaenai 's oouipit 

•torn to« rare* a, iplI« to tin sable DU jbuorreu fro j a 

spring belanoe.    «Ulu Irlctlon,  . hicii Ai> »cry lama in tin. 

Ul.F. »tar ruddar control «yatra imo almost ulusinutod wi 

til —plane oould be taxied on u atruic'it cdurae .-.»th tiki 

aid« foro« oil on. rudder bulunoed to- t»t»t en the other. 

In aldition to the ubora uouuur-nentu it .;u« desired 

te deternine tne relative «moioneieo of tlw rudders .7hen 

; behind jraasd floutu auoh «a oooura «ton texylim 

I wind end eUWi tide.   «Mae to the diffloolt»- of 

j the results of • aerie« of euch teat« to a ooenon 

«•IM •* the »lad speed together «tin the lnoonrenlenoe of 

1 aiwsB 1« ss« aars 

to almulat« thee« teate b.   ouklik. tune tlirout.Ii 

360*.    fas tine to turn the eeaplune through 360° ssa 

observed slth seob pair of rudders aet seer aoo far three 

valaeo of the easlne «t.J*.H. 

n Marsh, 193« aad January, 



U t   K 

?> 

r 

»**&«   i: Mt»i$ifga%,'. 

OO   tllat 

un.l 

Kiln re 

*to r^ w J fc ^ w ^ eR fefe 

m.   m 

**• 

»a 
Jd 

"''•»      *•* s 

".•)•  
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dm., uoel'iicient of drogue, 

l'rontul area «1' Uroi.ua. 

»reu or unter ruuVer in t.ie miter, 
rudder iui;.l • 

and a,    ie tlw elope ol tu« aV*"  '/„ ourrj, 

(b)      Hing« aoaoot. 
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d. 
pull en rudder oeklo. 

>3 -  radlue or pulley. 

a   >   M. - 
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-Tie reaulta of yawing and hing» aoaaata «tar tto 

uaefal rang» of »peed ara glvea la riga.6 to 9.    9ie yaaln:; 

noaeate lnareaae up to a kaota ahara there la • falllas 

off aa «ha «star lewel drop», and than rlaa to a peak value. 

Mr«» HUR! aaUara (ao.pt H>.4) this pa* oooara at about If mot» waara 

thj DaHar« ar« barlad la tha eplaeh.    «fhea thla breaka 

elear the ralaet rudder» are nearly oat of tha water ao that 

tie yawln; aoaaata »how a anarp dealin».    She hingo aoaaata 

fella« the jawinf moaenta, but raaala high at apaeda beyond 

tha oaafc «alaa o. tha yawing aoaaata, aa all tha work la 

bale« dene at tha tips. 

•.au. ft**» »rc««t. 
?lfa.B aad 9 shew tha reaulta far rnddere »0.6 on 

tha VT.S aoala pair of floate and' en tha ty3.7S aaala 

•lad» float.    'Aa reaulta ara of tha aaaa ordor up to 

IS fcnota, except that tba hlaga Boaaata far tha dropped 

ruddera ara aaallar on tha ty".75 aoala.   At 16 knote the 

re culta ara dlfferaat baoauaa tha flow breaks elaar of the 

aldaa 0* tha after body of the large float at aa earlier 

o.iecd.    It would aaaa likely that thla «aa due to aaale afloat 

re.her thaa tha abaenea of tha ether float beoauee «hen the 

hlnje aoaaata «are aaaaured oa one of the pair of aaaU 

.1'. its, the 16 knot value »aa tha aaaa «1th tha rudder either 

teearda or aaaj froa tha other float. I.e. the flow «aa 

uaaffeeted bp tha other float.    2ho attltudaa «are the aana 

for both aoalee o   float. 
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hau jtcttt« a wao» 

'.';-.« relatloa beswe n jawing must all claw nauit 
at  tile epeed and  .heir valuers at dlf'eroat rudder aolti 

•re -lvon la Flr.lt",    Waller ourvee for rectangular ruddera 

sro ahowa la Pig. 11.    ." e   ener:l tread le for «hort chord 

mddere to hare a -rujter ratio or yawing; aoaent to hlage 

-he reaaltc are further analysed la »1   .12 where 
-he roaults .'or 3C° rudder have beaa based on actual ruduer 

dlaeaaloaa.    .'• e loneruod dlaenelons ha*e aot beoa uaad aa thaau 

art Indefinite with .he niedere awuug over.    . ••* ;win   aooeata 

.or the ralaed ruddera.are acowa la »Ig. 121 to be predominantly 
defendant oa mdder area -or tiioee roddera tested.    £:e 

partially aad -uily J/op.od ruduera will He oa different 
llaea roughly aa lndloatod.       Aa a greater 

proportion o~  their area la laneraed they -lv* a greater 

•jawing noaeat ,nr oalt area.    • • . ln-w  .;ooente Tor a given 

yawln-   lucent are given la PI -.1-3. la teraa ot rodder aapeet 
ratio,    or the ruddera without - lar.o«.     .' a reaulta Ua 
»aile'.ctorllj oa oae curve. 

4.4   Joota of raddera »n.i with elaoall» 

.he reaulta are given la fl;a.l3 to 16 for 
yawing moment, hlage moment aad stdoforoe at one upend aad at 

mdder anrlea o.  either alga.    Ve ahaaca of yawing ..ooont 
aad eldoioroe with raider angle la aot .mich aifoeted by 

aide ll.j.    .'• a :.in-«   momenta far the dropped rudder» era 

aj.>r«olably radneed or Increased according to how the 

laoldenee oi  the rudder la changed by the aldaollp.    7bi 

i 
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oat« la Wg.is anew tho float« te bo «Iroetioaolly 

«aatable «boa altaallppad, which la oadarataadabla la »low 

•1 the larga lanaraed length ahaad o. the ooatra of ?r»vit;• . 

Am laatablllty la laaa with ruddere dropped «a* to their 

;ra«tar a««etl»a area.    It 1« Jtaoaa that aoanleno» «hon 

turalaj an atabla dirao.lonally. l.a.  she pilot hollo tha 

tarn on, aot Off.    «berefora no caloulatlona of  .;:raing clrciaa 

arc poealble froa thaaa -.estu,  mt theae ara dlacuaaod later 

and tha aondltloa of holding a atraljht oourae la a aldawlnd 

ha« taaaa coaaHara« hara aa a oaoaa M cooyerln« tha rvdiiera. 

It la aot al«aya a praotloal oaaa aa tha eeaolene la aldowaya 

oa to tha »avee, 
aa It ««a known that tha aldeforee aotla« balou 

the contra of gravity r.onld c -neo tha floata to roll ell-*tly. 

• fa» «eaaoraaante «ara aads of the angle of roll tha floata 

tafee-ttp.    It «aa fouad that 10° of aldeallp ;>roduood 3° of 

roll, «blob loft tho yawln7 nouento unaffeoted for tho drop?o£ 

rnddara and dacroaoed thorn allehcly >*on ralood. 
la a»!d.n- tho oaleulatlona to flad tho roddor on Jo 

to aolntoln a atralsht course la a eldeala«, aaenapuoaa 

have boaa aade for tha aerodynaala part of tho oaloolatloaa. 

.ho dlaanolona ox tho aaaplaaa aaad «1th raddara 10.6 «ara 

oeablnad alth jonor-llaod voluou for aerodynanle «Ida .ore« 

aa« paala« aaaaata.1,1'      It »aa aaaiawd that taa 

air an« «atar roadero aora« thron-h  -h» aaao angle.    .1« 

balance of too lorceo aa« aoaeata involved la aa followa. 

.ho «aatbaraaok etablUty of tha ooaolaaa turn» It round lota 

tb« «la« aa« tho floata laoraaa« thla tendenoy «ao to tbolr 

«lraatloaal lnetablllty.    She jllot ooaataraota thla by aovlng 

' 
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th« air and water mddera orer until balance la jm la 

•MilM, an« «ha eldeellp thron'h ttaa water bullda up until 

the watar «14 of one la eoaal ant appoalt j to too n trodynuilo sad jforoa. 

lha eldewlad «bat aan ba dealt with la shown 1» l.-.li), tha 

dlagraa at tha top of tha figure «bows tha dlrcetlona aaniaad. 

(ha superiority of tha dropped rudler la «gala ewldsaeed. 

a amall whirling am wsa uiada to fit eoroaa the 

tank «1th a »lew to eruolnlns tha tuc>inlque of teatlnr rod <.rt 

with tha floate t*':in . a circular  .isth.    «a tho   .ldlh of 

she tank «aa 9 ft, tha scale was restricted to 1/30.    .'.»»a 

wa*a mad» at a apaed conuopo.-iuln    to It Jnota full ooala, 

tha model beln   towad on a thread oarried from th« -.oi.. »l.i., 

am.    at aaah radlaa tha rudder an,?la ./as adjusted so that 

tha thread lap »Ion- tha alraoraw axla, l.a. the model waa 

to»«d aa If bp tha alraor«u.    -he abaanoe o.   the air rrddar 

aakea tha turnln   cl.-clea larger than thap -.oulü othor.naa be. 

X photograph of the nodal In Pls.lf ahowa It 

olrollsff and sowln.T email allpa of wood »o danonatrate tha 

flea path»   la tha lower diagrams the modal la ahown In 

afealaton farm with the allpa of wood,    circular area ahe* 

rourhlp tha «eoaetrp of tho turn and the aldaallp at tha e.G. 

lha loeal aldaallp chaacee -1-n   -.1 on/; tha flaat; oo t)iat 

tho flaw oroaaoa tha atoms at a oonalderable anal« (about 

•00 ta th« left hand die-ram), and onoh roduoeo tha 

•ffootlT« angle «i tha raddar.    .'hi a ohanfe produeea 

dlreotlonal atablllty, l.a. 1. ti.« rudder la oantiallaad 

tha turn atralghtaaa out. 
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In rip. 18 tha results are giren for rudders »0.6. 

lo crest reliance may bo plasat oa than owing to the »»all 

aoalo,    .'hay show honewr (a)  that t!»er* Is an advantage la 

ualng xnMar angles op to 60s lnstiad of the usual Halt of 

30° f b) that  there lo aoaa advantage la morin? tha nllari 

differentially ao that ths outor rudder la at a saaller 

ustting than tha Inner, la that tha moon rodtlar angla require! 

• tri • i»en turning olrolo lo looo than tha an si» required 

whoa both ara at tha aama setting; on tha other hand tha alaaaaa 

dlaaatar obtainable la not ao cool, and (a) that la eaatra- 

dlatlaotloa to tha other testa tha ralaed rudders are allsatlx 

more effective than tha dropped rudders ujtti rudder angle 

of about 40*. 

la vis« of (o) tha x/30 aoalo floats were towed 

along the tank la a straight path and it aaa ionnd here that 

the dropped roddera were tha more affaaslwa.    Ihla shews that 

the comparison la dependent oa the method of tost and alaoe 

tha elreling path bears a olosor relation to their oaataaarj 

aas fall soale, tho whirling arm method, oa a aodel of 

reasoaablo alas, should be tha more reliable. 

6.   Oaaaarlaaaa with fall aoalo. 

Ao effeotlwsaaaa of sons of tha rudders fall aoalo 

la known from taata at tha U.A.L.L., and these are differentiate* 

la Fig. 1C.    Budder 10.4 »as Inadequate aal los.l, 8, 6 sad 6 aaa- 

isfaotory.    'I'his la la agrseaaat with tha aodel taata la 

that lo.4 aaa tha ralnltia ratio of yawing aoasnt to I 

aaaeat.    Xfce dividing lino bstaaaa aetlafaotory an« 

faotory rudders Uaa between rudders lo.« aal io.l (ralsell. 

. 
- 

- 
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nt tbj total tj»t« Me.6 (ruiajd) uppaara to bj rotnor 

lnadaaaate. but It CM oonaldarJd «o eutlafaotory fall «oala 

that ttw dropping «oobanlaa ui r»o»id ana fell rudder« of 

thla typJ «JN f lxod la thu rol«jd poeltloa.      Ski« auggeata 

agreaunt with the nhlrllag am teata. 

t.   Hate« on rudder do«l«n. 

».1.   tolaod raider« without balaao«. 

Although the raieed and dropped rudder ooaparlaona 

appear «ubjeot to the aetbot of taat. It la probabla that 

tbaaa rudder«, all ef ana typ«, ara eaaparable on tba baala 

of rig.lt.      Tba following notaa on tbaaa raddara lnslud* 

ralaea chleh ara therefore eaaparable bat not abaolate. 

exoept • a« «n tartly M the raddara ara aored o»er and bafora 

tba tarn baa atartad. 

aaaaalap raddar No.A to bare tba Halting reoulre- 

aanta. Plg.8 aheaa that tba aaaaarad yawing aoaant at 10 knot« 

tor a raddar angle of 30° la 3000 Ib.ft., and tba aaaaarad 

hinge •Bait US lb.ft.     the oarra la Pig.IE* aboaa that a 

yawing aoaant of 3000 lb.ft. la obtainable elth a total raddar 

area of *i aq.ft.     tor two reotanaalar raddara If Ina. deep 

bahlad aterna of tba «ana dapth, the obord la «i la., tba 

aapeet ratio la a and tba hinge aoaant fron pig.Ul, la 00 la.ft. 

tba rectangular rudder baa tbarafore a «waller binge aaeaat 

than the anape of Mo.6, daa to Ita ««aller «epeot ratio. 

The aethod alght be applied to different «lie« of 

«««plane «aeualng tba laa of drnealoal «lailarity.     that la. 

with tba taming olrol« proportional to linear «aale or 

(all-up weight)x/a. •naant« an* control foraea wary aa. 

a> 

I 
• 
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Cm-*» oaight)*/*.     nth tha pilot- • atMnpth a oonatut 

• Halt Mil to ««t to th* alt« of aaaplana ho MI 

without aithar talanoa or aaxillar? powor.     Tha 

MWMl figara of 90 lb.lt. ooula bo ralaad to US. tha 

limit, akaa tha all-up weight aaa ralaad to WOO lb. 

Oa tha etbar hand, tor a aaallar aaaplana tha araa aoald bo 

at tha axpana* of tha aapaat ratio.     lor lnatanaa, 

it tha all-up «eight aara halved. l.a. 3780 lb., a hing« 

aaaaat of M lb.ft. oauld to reellaed for an aapaat ratio of 

O.t. ao that tha araa and yawing aoaent wool« to «ore than 

aaaMe tha dyaaalially alallar aaaaat of Plg.lOA. 

Iff ftt«Mf • 
ata on a control aarfaaa nay to 

ay eettlng baak tha hinge, provided that tha aaoaat 

la laaafflalant to orarbolanoa th* aantrol at aaall anslaa. 

! «aa COM eaaaeaafally for redder Ho.1 and tha ratio of 

at to hlaga aaaaat la Pig.10 aaa double*,    x 

of t.»° aaa tasted to aaba aara thara waa aa 

nth thla tppa of balaaaa than la a alight 

of flat aaa teeenlag «edged totaaaa tha redder and tha 

Jtoe.6 and 6 (dropped) ara of tha bam 
i 

graatar ratloa of yawing aaaaat 

I« Ma toaa Joaad that all- 

Sally baleäVed with only half tat 

ylaaai tohlat a (la.     >to 

aator raddara. 

. •   • 
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»o praotloal point« that arlBO v:lth ruddera 

11 j» Jo.5 are that tha dro.j_.ed part aovea batmen  coo slate a 

end there la : one likelihood of sand Jamnlnj tha dropping 

neohanlsn,  also that If tha seaplane le landed '»ich tha 

mddara dropped ao that tlie lowor portion onl? la lmmoracd, 

than this lower   lortlon !.as an excessive proportion of 

belance.    '.ha rndder 1& then U'roly bo be .orcod ro-.r,. -ind <.':••• 

lover portion bant up sideways. 

7.    notes en matheda of nadel ;euta. 

2cata by to in    the model -Ion    tlie tanJ: with "0 

eldeellp have the advantage o.' simplicity and the uao of 

uxlatlnj apparatus.    .-iten lng thsae ccsta -o cover a rsr.-is 

of an laa of aldeallp consider.;uy lnoreasee »ho ouount 

of work Involved without appreciably en-uniiln- the tn-.i'ln. JJ 

of tha reauli.3.    .he »rtlrlinj >T.-. .iu:...od up -ears  .o bo 

praotloal and haa tha »uvan.a o that tha floats ore tasted 

under eendltloae aeat alallar to thalr uaa In p.-ac.ic.i.    4 

•Ware shallow tank la shortly to beoone available and it 

la eugresteu that It might be ueed for whirling arr. te.i.u 

OB modele of the ty'.S aoala elae,    fhe method would no.id 

estencln- to cover hinge momenta. 

it.        uaa« 
1.   Forrlng » Collen. 

8.    Clark • Calien 

Boferenooa 
«tie 

Homente and foroos on a  yauoC 
..odd aeroplane. 
..opori. .io.J.A.Bic,  .'ob.lv.iO, 

Ulnd tunnel to „tu on the forcuu 
arlslii;- when aircraft, are 
aatepulted Into side winds, 
deport .lo. 0.A.9V... Jrly la ..-.. 

•    - 

r • 
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gable 1 

Actual full  scale dimensions 

Huddor 
iiO| 

Scale of 
lioAel 

Ll-up weight 
lb. 

length ft. 
?.P.   to  A.P. 

1 V'.s 7560 es.« 
1 1/7.5 7560 27.1 (to hing«) 

3 Vo 10400 28.91 

4 ft  S 1/7.5 6380 «8.0 

6 ^f.S and ^30 7600 £6.5 

6 anA A. to 
a. 

Vs.« 7600 26.5 

-actors for conversion to uniform slse of float 

All the results and the dimensions £iven In "able E 

and 7l£s. 1 and £ have been converted by the following factors 

to a comoon all-up woi -ht of 7500 lb. 

linear dimensions 

foments 

opoede 

7800        )l/3 
(   all-up weight 

I 7500 
(   all-up weight 

7500 
all-up weight 

all-up weight) 
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Tabla 2 

Auder a loans lor.« 

ä'b-t lull «onle  at o can on ,;ll-up »Height  oi  7.500 lb. 

ego. 10 knots    ha To  tflgmgg 

a 
1/7.5 and 1/b susle pairs oi  floate 

1 (hinge baok 

3 

8  (r.iaud). 

6  <-ro;pat.) 

.h 

.0 

..0 

l.h 

.-.1 

• 
5 

U 

7 

0 

1 

1/A7S aaala alngle float 

13. .'6 

11.70 

1-..48 

12.»* 

O 

Id 

0 

0 

u 

o 

0 

1   
12.»« 
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^ LLD    13 <NOT5 
«UDDCS  O* 

SPCCO   IS KNOTS 
RUCOC« -eo* 

SPCLC 13 KNOTS 
«UOOCR + ?0° 

T.9W D'.'tR ^TE^- KlCDCR N°l 
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FKi.4 

AUOOER   N' 1   OUTER   SIDE   Of   riOAT» 

RUDDER N> 1    INNER   SIDE 

RUDDER N't   (FAIREC)   INNER  SIOE 

• II »14 KNOT« 

RUDDER  N«*     INNER   SICK 
(««MR!   CUT-Off  STERNI 

WATE«    LEVELS    ON   THE    RUDDERS    AT   0*   RUDDER 
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o i »mum B 
AMVI   ATTITUDE»    A«   FOR   RUDOIR   ANALE   • 0* ANO  FLCATS  FREE   TO TRIM 
»OR    OTHER    RUOOtR   ANSLl»   THE   ORAS   REOUCES   THE ATTITUOE   U  RUDOER 

N« 4    SO* RUDDER    10 KNOTS  a - • -OS*   10  KNOT»   AMI   -j" 

rtOAT  ATTITUDE    AfiAINST  SPEEO 
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RUDOW N«I_ 
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RUOOIR  N»l 

«U001R   ANSCt    10* SIDISLI»     ANGlt   0* 

VAWIN6    MOMENTS      FOR   VARIOUS     WATER   RUDDERS 
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mu - KNOT« 

-S «fc_ 

Fift 8 

- I00CO 

•100 

RCDOE«    RAISED 

«- '"i   SCALE   TWIN  FLOAT» 

-VS'S SCALE  IINOIC   FLOAT 

-y 

RuCCEAS    RAISED 
'•'"» SCALE TwjijtEieAT 

•i-S SCALE SINOLC FLOAT 

KUDOCRS     N«I«   RAISED) AT  JO oca 

RESULTS      FOR     TWO   SIZES    OF    MODEL 
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S'ttO  -  UNOTS FiiS 

RUDDERS    N'to   ^ DROPPED)  AT   30  DES 

RESULTS    FOR    TWO   SIZES    OF   MODEL 
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i ii 
MIN«    MOMCNT   1.6 FT 

-u 0                     -41 c             -sos              -tee               --0C                   a ] 1              -<-^ 
«MOM  «NfitM *M MAFtntD 1          / 

OM cmtvu 
HINU nontMTt a« ,"e<« e «voc 

c^** »5/ 
3 »>r ' 

11 ,2    - -: 
1 
i 

14 

HUN«      M( HINT Ld FT 1 
•i M                -400                   -MS                 -IOC                  -IM 

•tuooi i «will «m   io*. to* $ Jo"                             1    *'Y fl 
«UDOM   N« fa   • ft§ SCM.C »Vs;7» SCALC                                P"y^ /A - 

• 1 
•   . 5i       f /1 

*- ß    A 
9* 

jiomt) 

•UU •CAlt    Q.U4L mi».- ^ 
  MTHMCTOUT 
 uMMTitmenmv 
 W4MNOWN     1 

.6   FT 

ACOO 

IOS0 

MOO 

VAWINS 
M0"lNT 

LS FT 

4000 

sceo 

COMPARISON     OP   RUDDERS    AT   10   KNOTS. 
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neu 

-2003 

-88M 

RESULTS    FOR     Vj-75   SCALE    FLOAT  OF   LINES  L'SEO   FOR 

RuODERS    N.*<».     NO    FULL   SCALE   TESTS MADE  ON   THESE RUDDERS 

RECTANGULAR    RUDDERS   AT   10  KNOTS. 
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•CCI 

1000 

Fii!2 

o i 2 
FlG  12 A     YAWING   MOMENT    AT   - 

«UODER    AREA >   AREA Ik 

J 4 5 fa 
JO'   RUOOER   ANGLE   AT   10    KNOTS, NO SIDESLIP 

y^      WHERE   L  •   LENGTH    : 3 T: HINGE LINE. 

"IAN  C*«Oa£  •   AHIA   / *1A*    PIP"* 

FIG.  12 S* HINGE    MOMENT     FOR    3000   L6  FT   YAWING.   MOMENT AT  10 KNOT» 
RESULTS   ARE   i'VEN ONLY   FOR  RUDDER» WITH   NC   6ALANCE   ANO   NO   SlOlSLlP. 
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FIG.M. 

HIN&E    MOMENT   CURVES   FOR    RUDDERS     N* *   RAISED 
AT   10  KNOTS. 

HIN«    „OMENT   CURVES      FOR   RUDDER     N*fe   OROPPED 
AT     10   KNOTS. 
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FIG.15 

SIDE   FORCE   NORMAL   TO   DIRECTION   OF   MOTION 

RUDDERS   N« to     RAISED.    AT  10   KNOTS. 

'* 900 
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««• 0" c 10'                 «0*                so' 
RUM CM    »NÜLI   (1 •OUT) 

-SOO 
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TyS 
-1000 

\0'J -ijoo MM . o  i»  FO*n »! 
(Mwi PBIrfT TV n *Tj~ 

f—' 1 . 

SIDE   FORCE   NORMAL TO   DIRECTION OF MOTION 
RUDDERS   N'fe   OROPPED.AT   10   KNOTS. 
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FIG. Me 

ftUDOCR   ANSLl 

.RUDDER   ANCLE   FOR   KEEPING    STRAIGHT 
COURSE    IN   A   SIDEWIND. 
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MUD0M1   If 

»MU»   10   KNOTS 

)  •«   WHIRLING   ARM 
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