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THE INTERFERENCE BETWEEN STRUTS IN VARIOUS COMNBINATIONS

BY D.AvI BIERIMAN%' 111d WILLIAM It. II Eiit.ST:IN, Jr.

SUMMARY Manyv of tile tests hereinl repotrtedl lumi detirecti

'lThix 1.0 prt 'i ,ruse it the irts ulUt of te,'ts' m,1l (in~ the , app1icatitions in ai rpmlane iesign A It dwt r~ I ti.i II

1.... 7- by 1O-ftnut wcind tunnel to determinit thue beent till attempht to cove'r Ithe sollijett ofsr ntr

I .te OcfienHtc( draqtie is mýng fromn vioi, it s rranigenmeats: of fee liec inl a s~st C ta tic Ia shi iia, tilit, liiliiitI)tIS 14

strtaniviuti strtitx and round strout, oI- Dqide' e- tille andi e(IIlipiIflit l11ý i vxe -it't itatedt Ii11l'tiii1iIILf the

ft rointl fit ions Irf'rer iat oe of the ta teifee ace dragq of struts Progr" Iin. Fin-t her test, t() ilt inofere het %%t leet n tl

spattced Side hl/ xte struts in toandemi toandciii stra: u s trullts an llItwheels areC b ein hg Iltle ill iilirltIec iot IIwtilti :I

Iti0sfd ti t (I stM1leffoitring, a strult inttersectting a plane, suyo adn eis lt ~lltI~tit ti lt
010td strutsý itte-rsettiitq to /fornt a V. Three siZes of (1. t e. APRTSAt EHD

strtis tcr i ~cusd 'for mtust of the tests.AP RTU AN MEHD

Tltcscý tests sdiotr that the linter-ferenite drag arisinq frott nPie N .A.C.A. 7- 1) ItNt1-foot wind tmtitel Iit whi it
s/H its na Inu/udlin t! iniai! be of cttnstderable inaqn i- these tests were mladie is ttillIpletelv describe ittI wit i i

titl , ;it stnf tiaC lstaniCcs 5 am 1t nt it tto inifti thani/ thte equipmililenlt in re ference I . Tilte statllr tt It rclf te- t st

tlrtiq 4, tit strnti ts the in sulctz. inlod el supo ptrt was used titrotigitt ilt t I ese teists.
The streamline strut ttoeulel were madtte frottt \;tx

INTRODCTIONno. I st rtt-st'ttioit oiffsets"ivctt inl tibl)t 1. \\itl toa feW

With thie iltcreasing( (eniaitd for hiigher speed's in exceptions to be discuissed tilter, tilie tests werie Iltadt

Hight, attention hans been focused on all possible inetli- on struts of thlree sect ion sizes: 1 li 'v 3 inchtes, 1 .75
ttds of redutcing tile dr o(f aircraft. C'onsiderable by 5.25 inches, and 2.5 by 7.5 incites. Tlte Inidtiels
coo1rdinatited inifoirmat ion itas been corn piledlOol tilie Were Mande of whiiite pine, sanded sit otht anid si tllatc k ei

d rag of complonI iien t pit it. (If niirplt tes, 1)11t rein t ivel v Tit(e sit rface was it tt highlly pl)(lish ed, b)11t wais siit Ii-
lit tie is kino wnt atbouit the in terference resulting from cie t 1110 itobec111arlewtIt o oi111 .

comiitbini ng thiiese 1)1i-ts in to ititl airpjlim e. I 'n t i recentl tV pract ice. All nitid ci dim enisions wvere h eld Ii o :_ 0.0 10

it i it i itic sV5 tenii t ic wvork hias been do ne oil thle geltera i inich. The roundni st ritts (cyl mdcis ) wer ic ina ti fro itl
s i j ect of in terference. seam11less steel tuibing,, acctitritt to _ -0.00t4 iinch. Tie

The iinvestiga t ion reporlted ill t ills patper has. lleci s urfit cc wts fin tish ed I rig1 it hat t iot hi igiily poit t -d.si

conitniedl to tilie determninattioit oif interference drugr The litnineters of tubing itsett were 1 , 1 .75, anidt 2.5
tirtslng frotin vatriouts comnbinattiomns tof struts , both iitle5.SRTAttxR"i
st reandiiie and rtiund. Struits wecre tested,. side lby side,
itt tatidelti, attd initersectinig at various angles to fornt Struts alone, streamline and round.--Preli ifi intor , tol

W'. - Test, were itade oit a st reatnline strut utter- tite interferentce tests entclt differeitt Size of, sti th wa~s

sect ittg plainte sutrfatces tof xaiiriot s chI ords. TIhe drag of tested for drag. An itS-fooat lntu ith of s trnit wasii foil inteii

tlutt(Ieli striuts enlictsed inl aI Siitlle filiring( Wits de- ltorizotttlliV lit, its ceitter oli tile forcc-tt'st ,tlippitrt . kXt

te i litInel forI twot type" oif fnit iii us. Inc id en tal tests en cli tipl ndepleiideit tlY s i oppttted strii ts wer ic i itliii tedi

were in nile to dtetermtine tilie iirgof strutts of viarious and extended thrli ngri tilie t tat ietl Jet 1)nd11ii in, in ~titl
sizes antd firitness; ratios. Three sizes of struts were iittentpt. to siitiilate intfittite-leng~tli coinditionts. A gt p1

uisedl t hrughout the prtogttni, with sortie exceptionts, of otie thlitx'-sccortd inchl wits left bet weenl tile aictive
io determintte if possible to whait extent the rules of strut aiid ealch duitirniy extenitoni.

dyninc inflrit* m ite pplied t interference Side-by-side struts, streamline and round.---n oii--
tests ill wind t unnels. der' to dletermuine tile interference tirg rising~ frtint twit
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parallel struts located side by side, a 12-foot length of fabric around the pair and doping it. In o)rdler to
strut was mounted independently above the active simulate this coondition a special miodel was built- A
strut previously described. (See tig. 1.) Drag wits 1.75- by 5.25-inch strut was sawed lengthwise along
measured only on the active lower strut, the assump- the plane of inaxiunin thickness. The leading-edgt,
tion being that the drag of the two struts was equal. portion wits separated from the trailing-edge portion
The spacing between the struts was varied by moving by a distance of 20 inches and this intervening space
the fixed 12-foot length of strut away from the active was filled uip with live 4- býy 1.75-inch boards. I'lhii
strut in small increments until the effects were no unit was bolted together, forming a flat-sided section
longer notiueable. 1.75 inches thick with a 25.25-inch chord and al, N-foot

Struts in tandem, streamline and round.-The set- span. Two dummy tip extensions of the same section
up to measure interference drag of tandem struts was were also made. This model, representing streamlifnte
identical to the one used for side-to-side spacings ex- struts faired together with ia flat-sided section, was

A TIVE--

Fn;1'RE i. -Streamline struts spaced side by side, showing method of support and dulmmy tip exteonsions.

cept that the fixed strut was located first at different mounted in the tunnel in the same manner as were tile
spacings to the rear of the active strut and then located struts alone in previous test,. The spacing of these
at different spacings in front of the active strut. The hypothetical struts was reduced in increments of 4
tunnel balance thus measured the drag of a strut plus inches by successive removal of the intervening boards.
the interference effect of a strut behind it or in front Only one strut size was used for these tests.
of it, as the case might be. By simple addition the Obviously the best and most practicable method of
interference effect of either strut on the other as well fairing tandem cylinders that are relatively close
as the total interference, may be computed. together is to encase them in a single streamline

Tandem struts faired together, streamline and fairing. In order to accomplish this it is necessary
round.-Tandem streamline struts are sometimes to decide on the fairing form to use; the form for mini-
faired together by the simple procedure of wrapping mum drag will vary, of course, with the ratio of cylinder
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diamiieteri to 5siaciiig. S~ince the Na i*v nio. I stiltt siw- ,uESILLS AND) DISCUSSIOIN

tiolilii has bth good af, odr ivtilfitiiic alind (roodl &tliiillet lic Thim obslvik ila in ilid 'I tllipH teI IIII
plroperties for liotsitig taiideii struts, it was~ selected ilf~'(it t(ll ~ itl'ii i

i'vliidI Ii/ filidit (ifiii (11i:1- wal ('nlltihtii Ironlvi t(.s ;Ifollore:

lIts NIf ha . 1 setritn (If. fourfin- leness ratjiis: or. 4,T.2lw1
fatnu( d. me.sions vaition wls mthe in lt hicness [onlr :111 2

th Ihr beingsve held constant atll 7.5iieli i(["es. :!Iiesel

santeilifier as~ in~l previous tests siiiiid~je~ of(II tthe drg ft i ifis

A)I strutso intrscingl aills plneto.-Tests were m laide to a ratelfiv i

ethechrdin thein~gIedctsa tt75ice.Tee Ilterferencee (Ir:g arisin from 111 225-t' illCe~il'' ~1 I' fiei
li i7-nhstruts,8fe ol, 2er mnched og inthersetingeli t he I itefeeui

surface (If thet flat-sided section previolusly utsedf for "~

fairing taindemi struts. The strut was iiin.11tedi t Lenigth ii sIrlilt oqfllj\tIefell to Il

the center of the planie with at lunge-type fitting illi(I~T'O' fll
sutch a manlner that the aingle between the struit and ,
the( pitine, mneasured in at planei perlpendictilllr to thle (lgprli tt~~I i 11

tunnel axis, couldlibe vairied1 throuigh the range frOthl whereti I q, dY11:ill flre'shilreal poiifioids per (1SJ Ia li tool.

20' to 9)0'. This test was miade with planies (If thrieie (1, diailictetr of. luaxilolmuil crfoýS-% tifddleli(r

chord sizes: 25.25 inches, 17.25 inches,, a d 9.2.5 inches. oif Strult ill Ivtot
Several sizes, of fillets were allso used ait tii( inf ers"ec- 1, fi'iitht Ii u stil ill feel.

titti (If strut aind plalne. N l.-flefeelel a oefhiiiell trva fiwi~ii ill

Intersecting struts.--St ruts Intersecting to formI inil :1 (I/f tie sti'lt (ilii.

V in -which th lin cluided angle coIuld lie va2il ed fromn Th'e d ragr ci ieflic i ent 5ar e If( corcteld f611 tlr drzr'ý ;fIt2(l1

150 to 1800 were mounted in the tunnel on the reglllar for static-Jlressllre valiriioiol iii tit( t illlel bY Ilie ia

force-test support. One leg of the V was5 suJpported fillet hod~ls.

tits miidpoitnt, the ((tiler leg beVing( alloweil to swiri-~sii LI

ill t pltinle perpendicuilar toi thle tillinnel axis. Eaich Streamline struts, -''fe 'silfts fori streamilfitie st rijlh,

strut was :32 inchles long. No dllinlyi tip exteiisioiis testedl Milite are( giveii til figmttez 2 andI :. Fgi-_ir 2

were considered necessairy' flor this set-lijI, inasnlllihl ais sho~ws thle \,alia tioll of C, w tol h vYllofils N hllIlbfel fiol

the interference (flld not extenti to tile tips5 to) till the( thlree sizes of strults tv"edt(, aill oif filivle-;~ ato.

a ppreCiAbie e~xtetut. Severtil sizes of fillets were oused .------------ - -- ____ -- ,

for a number oIf aingular settin~gs of tile stru~ts.

General considerations.-Althouigh mtost of theit(., -..

resillts were obtained at ati air speed of SO milles per' 1,7c~ cvdct

liliir, many of the tests were run at severtil lower ~
speeds also. These additionial test polints were taken l~<
in ordler to inc'reaise the licclraev of the singlev test.0

point by determniinIng a Cu ryve, anrd also to show Nvi e t Iiel'
the drag coefficienft changed with air- speed for ainy .-

given set-lipi. The taire oitig wais; riiastireul for' :ill 81
struts alone ibw suspeniding themn induepiendtent oif the ,
litlaince support, providing only at simiali clearance. 100, 000 Z 00.0CC0l0(CC 4013,000

The forces onl strelnitiiie struts 2lonie were nielisilir h oe',Vrniiolrw fl-ti~wsrl il 1ý111ý\1114

to withlin L 0.03 pou11nd; b)ut for' cyl inders and for' (ui h ui ,tr'ru mrn~jusrtt i h dsNtt u

iiiodels in whic iuiunstetidy flow- ciinli tioins prevailed

to ain apiprecitabie extent they were Inielisiiredl to The oiiti coiefficiienits aif,( consist eti higher t ha i thiise
±0.1 pound. oblt aineid fr on ant ea il x' test ( re fe feice 2), but l ater'

DIic QuMATrY r~sPEL~rFD 3
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tests (re ferenice 4) agree inore closely withi thle pest' ii

results and indicate that the results of r'eferencure 2 were Streamline struts. St reaioiltult ~tlrt ;e'lltý'mc 'Iili
influieniced fy the presence (Of I sut~pport strut. liv side 6i di'itIIett"T of* iootI' hakei lit tle ot ino ilit't-

F~igur'e :3 %lclis iiIilV inicidlentail toill( presen't't feritice ei-ct Iti'' 5.Fo 111crpicn I('lie-

report, shows tile relation biet weert U1, and filieties, ratio ter'ertce (Irag Inci('l'ts,' gnidiliallv %%it il dcvlvo'l'i' III

for' N avY 10. 1 strutts. Iliese t'esil ts toro, differ' siirne- splicing, dliin toi a ~~tiigof about 2.5 diaiwtvet'i.
what front thlose of previouis tests ill that IniiiitltiiiII For splicings less, thia 2.5 diainvters the ittterf-ci'tiit
drag occurs lit at flineness ratio of ahout 5 isedof ;It :3, incirens(' r'apidily wi'th teduitioti in ~otgt a

or 4 as, observed for other' tests. h'urthrerrnore, tile nIaxituitIIII vaIlue not deternuirted in thlese tests h','tit(e
of excessi%-e libihrtiiirt. The latrniit uile of thel J1t10e1-

.,18 ~~ference digr ait theise smiall spacitigs, Inniv be Itll-in

- - '-.---~ .Itiore timles tile drag of' a sinllde stiu .1 Anotiher'

06 cant hact Is that elicli size oif strut d1-ilites ; si'j);Intt
I ('i ivesuggist ilng a Reyniolds, Nitithuer illect :bitt \'tht

tile ex'epit ioni of strutts 5siav'i' \i't' ilose ttiget-lltr. t lie

04 dt'ag i'oefhicierit is iinistarlit for' tll air ipci-i 1"t e'alt

strtt'i ie irtdn'atirtlr the titi-ti for the difflt lco. I,) t

.he else't Iliet' W'iriltnid hciniii-iilieii~t
- . . r'es~itSlts ott cvliruler's as pire\iiowslv nt(~t'(] Iii;iv Nisil

he r'esponi rsibl e l'ir' t hiese' (isce t' art ies
3 C, P /rbb 81tililv thett(,Ist resnal e'\lltititiiiln (II. till,

Flnenc-,s rotiC) (.i'aue of intet'lereritc e hitweent two st I';i'atillinii strlltt

1'', 1- 1 RI, Dri-a "t \avý ' t5:ij. J iari,a,is Fiianenss rHij- i' %ir sp- . 1

drag coieffic'ietnt idies not chiatige I., gri'ati' wVithI sinuill 0!o +* '*''' .5 .

'iaiesof tfinetness rattio as. the oithert tests, showi~ it tii

hiave, (lle. Restrlts fromt recent N A ('A. tetst,- fill ~ '~i~'

svruriietr'ical air'foils (r'efereni'e .5) t'mev, hiowever', 7; !\ ---- ~

dtoes nut ('hliage r'apidly with chianges inl finleness r-tt0
withtin the range fr'ont :3 to 7. lItt viewv of the( differ'i-___________
eiR-es betw~eenl t hese r'estil ts- and those of former' tests, 4

it is suggesTted that further' ittvestrunition be nIatle of the
s II j ec t .h .I-nia F IT iv t I of 1 1t 1 Nt ~i - Si 1, :vi- c~ i i o n Iri ter Ar.na-,-'t Ir g f r 'a 11 ai oiaa r 111

Round struts (cylinders)i alone. -- '['ie v a tia .t hin i 10f Na Ili. I t rut s'a I on. finon-s~ rmo :i. ki r I"' n TriCi It!

C,, wvithi Revnohik Numbaer' fur three sizes of ('Ylin( Icis Is spaced sidle bY side js tlr'it I~~ fow (\ itran ot foillow% tIII
gi vven it figure 4. lii reiteral, these r'esurlts chieck contour' of tille adlja'enit. strut uirfao'es. S;t eantlini'l
ireviouis tests of cv 'i rinder's fa ir ' v wvell. It is riot eid thia t struts; spaced r'l at ivelY' closie t oge te r' fo rin ii a telIec t rvi

Vatc1 size of cv~iirder defi nes a sli ig t lv difllet'eri t ( for. a venit ir'i ia vi rig a Itigli (Iegi'ee of diivergenrce. Vp' iiii

pasin the( throat (if thte velttttr' thte air flow does not
expand( stifficien t l to till the di ver~i'tinr Jusa

O igto loisses in thle botnrida'vlae' s-I iiirtkieo
ener~gy is lacking in the ait' s1trea in tii overionre tlei

.8) * - * *.- . i----- incr'easing prtessuire in the expandn tt ljet.
-~.' Cylinders.- As is the case fiir streatiitlne strints.

.', 0. CO.' tile interference dratg of cylindei's side by siide inicreases
41 ii . r'd lvi reiltction (If spticittgr fiii intervalsI less

C~ C) 40.0C) 'p.rap 8000 'ccarincreasing00 for spacimgs less t han 2.5 dianimrut's, thre
b"-alsNumbaer interference drag varires betweeni wide ragso ost-

iinilers at critic'il region exists; at aborut I .75-diahiaeter
given Revnolds Numnber, The reason for this is not .spacing, wh-ere the initerfer'ence drag nui' lbe either
readily apparent, inasinuch as several factors pertinent positive or negative, depetidirig_, iif cotirse, onl thle flow
to wind Itunnels mtight possib~ly account for tile effect. pattern existing at the timie. Appurrentitly~tfie type of
More detailed work on this subject wvotild probably flow changes rapidly with it change itt spacing; it maly
disclose information ('(n('erning- this effect. even ('lititge while the spacing is held constant. The
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rapid decreases in dIrag tire probably due to thle fact TANDEMi Sr t iS FAiREDI rOok-rEiE

that. the tradling vortices behind the two vVlinders join Streamline strUts.--The drag of ta eiloil st rel ililike
or, interlock for certain spacings to) for'ru ordyv a siniige struts is mlait rialli. red uceil for. spaoing's te-, 01m111 10I
pathi, resulting in at dlecreasedl alinouit oif (distuirbedl air, dimtr Iy fi gtni ihteht-ddfuIrii

For spacings less thI ani 1.25 dia meteris tile Int erference (fig. w). TI to glioauit thle prac tical I ia i te dl( (rul_ j
drag, intc reases ver y rapidl v wit h decrteases, inl Spuc 111. pron port ion al to thle slitacing o f Ihe I- ( r si .) I' In Ii

STRUTS IN TANDIEM greater thian 10 diameters it is iniiiracticll lit) fair, st rutý
lit. this ful leiod.

Streamline struts.----Figure 7 shows thle interference Cylinders.- Althloughi all aiddit it iiil decit :is( inl
(Ilrig resuilting, front spacing streamilinle strults ill tall- drag iiirv lbe obtained filr tutideiti stn'rvllnire ~t rllt liv
denii Sinice separate- measurements were in ade on iii b isirig tilien,,i n a1 strlea 1i1line, faiiiring, thIis iiiethfol t4
each strut, a more general p~ictuire wvas obtained of the( f a irin wa, ofndtclnes, owvr o u~

flow Conditions thani if tile struts had( bellei comabinied cases, tile saIlivi streamjline fairingl u1sed foil cv1linder,
inl one unit. Several noteworthy results were obtained w ill al1so fit streamiline struts. H enice, tlie ir'
from these tests. First, tite drag.1 of tile reatr strut is ig illustratini, tite variation (if drag with pacin'ri

inrieaisedt to some extent b1Y thle pi'es('nie of the front forl evliiiders fairedl toget ier with a streaiiiliiiet wcititril
stiut for all spacinigs tested(, tile iiiagnit ilde beingZ also aIpplies, ini g'eneral, to tandlemi streariinfi ne ýirit-.
inuch gýreater for small spacings. Second, tite dragIq siixntyta hstyee urrgi u eirl

of tile front strut is reduced 11n almost equalil iitiioiiit bietter than tite Ibit-sided type in thmt ill(' dti-wJ
by tile presence of tile rear- strut. F'or spacinigs less conisiderably low\er ttirolrimilut the raiiigt :1rid the
than 4.5 dianieters thet net front-strut i'eiititii is Iluaxiniura practitall spacing is iir'ie o ioi
actuialfly iii ti uplstrteamii direction. Tbhird , consid eringL 1 2 Ii alir eteris.
thet tw\o struts as a unit, tile rttrtig is increasedl a snlialt Thre nieithod of obtairiiiig this curve \\:I., iIIor direct

arlirttlrugomi herngrecin iixiiuia bcause it was rIripossible to uletttriirie thte dinwniieiiso
ait about 4 diamieters. Fourth, thle agrneernicrlt of iesrIllts oif tile mninimumIII-drag, fairing forl each stru1t spmuiciu-
is excellent for all sizes, of Struits, tested. without first testing a serivs of il ifrereri t hiickrie-ý

Thle problable reason for the relaitively iil urpstreari scios Thev uliag of aI ciiiplete Series of fairi-iIi-.
fo)rce onl the( front strirt and the( dowristreanm force oinl coverling tihe practical rniuge oif c'vhirider itiarii4ter -
the rear strut is thre presence (if at regliomi of liiiun'rv:sed ,pun rais wa caclae frrite7ta~ ft'

piressure head betweent the struts, gailned ait the expense onl Navy rot. I struts of dhifferenit firineres ra;tots fi(g.
of velocity head. Figure 10t shows, the( fauirinig, finueriiss ratito at M111.ti

Cylinders.-- The restilts (If tmiiderii-cytirldltr tests arue nirllirIurmuI drago o(ccuris for differenit cYliruler spavirigs.
somewhat different frmttu those of taiideiii strearirdlle Figrilre Itis a wolrking~ chairt foi- thre deteriiiinatiiii(iof
struts (figr. 8), inl tha,ýt the( tlrag of thle rear c iminer is iiueiirsftiailei-liierfrig Iavn riii

(Ieccrea sed in thle presence olf thle fron t cy IiridIer, w Ii ite Iitiiarl d rig. To it( tise , t 'Ire iart one need kilt 1W (it thle
the tfra' 'if tile front cyl vinder is riot L'rea tlY -1(1ct00( cYlinder ort (tube spacingl inl teriris of cYlinder diamreter'.
b y tilie hlreseilce olf tlie( rea r cYl in der. lTh (mtallgn~ ittd a Ire r iriig ellord Imiiay be read d Iiree t I fronil thle 01) p()-
(if interference dloes not ella nge a Ppreci a bv for spacing's site side olf t1it( chia rt anidl tile Sect io n thIiickniiess fron tiii li
greater thtan 4 oi n itet ers. For sinai IIc spatcI ings, tlie t( cs,. i itI seiI ieii(rstte et1Iio~ late

niragtof thle rear c linder decrease rap5idiIily wit de- IaV be calcultated frontl table 1. In case thle cylinders
c reases in spaicinmg. For sparcirigis less t han 3~ dia ll et ( rs aric of 0 rle( a I size thle avxera ge shrouItld he t akeni. TI iis-

lie rear-cylinder relit tion is fo r\\imI r. Fori spa cilrigs tietho liwiorvi ks oaut faiirly v l for c v ii der's oif neii erl
less than 3_5 dliamreters tilie net ml rug of both cYlintleris , samrei size buit runa x'Vrsrri ewl v atI for urrtal di fTt.I,
is less t hiani thle drag of oie icvi-indeIr.cics isie TIe irtisasoippirihcIistran-

The probiilde reaison for the( reduct ion of itrag tof the tine tf irits, pruiviitig lumttedaitrIhes ush

rea r cylinder is its presence in t l ie t rtrb It epit wvi ke oft tIrIe assrtinelip~ as, sI ighl t v lairger tha tiiiihey arie. TIhris millt i-
front Cy' linder. The effect, of t urbitlent flo1w ol tire, fiea tiori will allow thle nlecessary clearance for thle nose
(Irrig of cylinders is well knowvn (reference 6). I low- iiltail of the struts.
ever, o irbulence alone will riot explauin the( decrease in i
(Irig for smiill spacings. Foi- these spacinigs thle yor- A STREAMLINE STRU'T INTERSECTINt. A FLAT SURFACE

tices produicedl by thle front cylinder probably partly Tbre results of tests onl a strerindiinie strut ;rrtersectinrw
encircle the rear cylinder, impinging on the brick ii flat surfriee ait various aninges tire given in figure 12.
suirfance with sumfficient. force to plrodluce it for'wrird Interference dIrag is given in termis of tire equivalent
reactioin. dragc of at lenigth of strnt. 1)ra- or interference-drag
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eel wtc ients are nlot app jli cab le becatuse of the lack of it t ion in plante choar I All 'i le'Ia direc fipcat i li 44 dict

lengoth dimnension. With tilte strut perpendicular to retil t s t lstr shou wld he tlciii a' rd "I it judat gil ita

the 25,25-invii chiordI plaine the interference drag is ze-ro, 'Ihlese tests tire iprobaidv imore %iithiitle fo dimn
but it incerellses graduallt N with decreases III angle stratiilg flow ioollitioii- Omitn for fill%- gvi~tlln plci

bet ween st riut a id plane. For anl angle of 20' It e Noll If

interference drag ks equal to) the draig of at struit 14 Table 11 showis the re-1ile. fiora soni "Itil -11"l m~ir

dhialnleters long, (or ini this case 31. I a iiiles. tile jIitersectionibe 1wA4etli phlane and .strtat. l'. 1t

b V TN -- - -

+ nc, dchmeter ~ Oit

~ ---- ----- ------

Iix- crti.. ter.........tr5 o

dra - W~indes %r ,v1W o.p.*--

Ciin, C .. wdit-fr - f

tiw i: . ElrO f eit,4v~iitc spacot s, itererso,'I iro . r,,rvs 'rovt i3 j r 1- --'it orit 1, 1it

d+ 21, -tc-h 6cim'eter 4 Fhn~;

-. fl ~~Sectior t5~~
iSpactng , for c/ic'

PI 1i 10

U

a .
t

-- ~-.04 -

P 1 3 4 5 6- 7 8 19
SoocIng on center- line, diomneers - ~ -

Crve A. front cylinder in presence of rear cyfinder. Strut spacinrg once-'f- !.ne. dfOme&ern:
Cirve B, rear rylinier in presence of front cylinder.

Curve C, total interferenice. drag. C urve A. streantlio' strofts iii tandviiji.

Fit TI RE S -* -lee-t (if tandemn spacing on interference drag oft cylinders. A irsped Curve B, strult, fai/redt loge!her m ith pinrqtiii-siiiii fai/ring.

Fi~irtag 9.-- Effect of fairing togolivr (Ii tittAi strilts

It. is interesting to note the increases in interference s' trut motunted perpendicular to the 2.5.25-inch pl ine
with decreases in the chord of the plane. For the 1the interference drag is shown to he zero if the titting,
17.25-inch plane with a strut setting of 900 the inter- Iis not exposed. Fillets of the usual type failed to
ference drag is equal to the drag of a strut about 3 reduce the. drag, and even increased the drag for the
diameters long, find for the 9.25-inch p~lane to one of 9 fillet of largest radius.
diameters. Evidently the chord of the plane materially With the strut. inclined 200 to the 2ii.25)-iTnCh plane,
affects the flow, increasing the interference with reduc- the attempt to redtice the interference by iuiodifying
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I he vJI'vel o f I Ill, acit it, a oA i I I I I I t, I I., I 111 Ill. A I I e ( I I 10 till 11 lit I I 14 1 111, 1 - i

collS I it 111 -VzI 4 1 i I Iý ti 1 le 1 , fit i let I . I It loto, c er, I he i n tvi-fel.- I it I I I Hot I lol It-4, , I 11111cl -1 it-, I :j I I I 11,

VlWe (11-21" as rvi I Ill-vt 1 3 1 perct'll I I ) v ( I I [lit idifica I it )it iZ(- vi I I 1 4 1 he I 11. n I I I I t I I t \N I I I

a I t 4 't oil I i ý S 1, 4 4 1 1 111 ( 1( 1 t i o I I ý% a s

v i ) I I 'i 1 14 , re( I it) I )v of 0 ra ( - I iva I It I I I It wca I Is( t I tv "rut (()N( 1, t SIO\ S

I i it I i I I,-, is I I ft v I I rt 1 it t \ vlY ý11 III ill cq , I I I lilt rii, I I I I I I , T I
, I r I I t (fill I Ilet er, it fit )otvill',' it loot I i I i ( -I I ( i I oil of, tlkiý t Y It o

b( - I I Ill( I e . N I I It I i I i( - it I it ý I I I a Iso ret I i wet I I I iv i [I t e 1, ft . re I I ( - 4 -

drag for till, strut inclined 30- it) the 17.25-inch plane, :lpart (It- illole Ila\e hille "I Ill, 1111"llcirlp
V I I r I I I & , I. I I it ý rt fillet , n I I wed t I 10 1 Fit -, it\ elý 1114 ) FV sel , ImcillL, t i I lit I. h I i I 14 .0 1 1 1 1 11 1 1 1 -
it 1114 ) I I I I it i I Ig" t 11 11 , t 411 I'l to I I I if oil I of i I I I F fl! 1 1*1 1 1 F l I ri I c ( i(,l I I I I I I f f :1
of 50 percent. W ith the sirtit im-fined 3W to It(, (,N ljljdvrý lilt, hý -Ido .11:1111o 1. 1-
9.25-Mch platit, modification I reduced Ili(, ititerfereliCt. 4.1, IIIoFV It: I\c praclicalk lit) illiell"I"Ilre: 1.,]
drin-, 15 percent. A fillet failed it) decrell'o, Ille dF;IL le,ýý thall (linnictcr- t'lle 111:1\ iw 1:_'1111\
fl 11.111 v I. , SIF JI I ' IF,,' I ', 'FF. Its 1,:( 1111 N ( . 114 , Ft ) It %I % V f; I \ ( , Fit I )I p I it [I fit N 4 -1-:11 Ile , A 1 4 to , I I I I I -, I I I -I I I

Streamline struts. Fi-m-e 13 A motý till, inittifei-ence zilld spacili,_, of ille (.Nlilldcl,
3. W hell -Irvillillilli, Hilt- :11., pLiccol Ill imid"I!, 1"fvýllltill,_, from 'treallilillo, Strut, ill Ivr.ývvl i1j", at toariol),

:I I 11-de, to f, I Ill V',- TI to. i it I ill ftlFt'lict, \k ;1 .1 it 11 lilt'( I dr;jý_, (of till f I I I 1 4 1 1 1 ýzl - 1j,

to , vc I I 1 :11 1 . o /. I ý n , X\ I it, I I t I I ( . , I r I I t , \ý ( , I -I , I ) I I ( 1 4,1111 1 Ill. I .( , I I 1. 4 o ý , I I I I f

t, I 14 1 , forl Ili flu, ( one (.4 1 n I i I I I I t ) I I , I r I I I . \V i I I I re ( I I I ( I t I

I I I le I I I I lo [let \\ ev .n t lilt 't ril till, ill cl-ferclice cxiýt !4 fo I r :I I I 14 1 1 1 1 o - I t I I I i I

4 . ri ý: I 'e, 1-:1 pidl v r 'pac i I I ý_, I I I ; , I I I I I i I ,
i f; I i I'l , v tilli fA I I. ; I I I IY to I. " I I I I izvý of 11 it dvI, - I I I I I I It ick Ile, . , T) ic I i I I - : I . -t .. i it , - , I !
I v-t ct Iv;I c I I i fill, ;I I lilt x 111) 11 lit :11 it I )o I I :)I I : . T I le I I ri )b- t Ile (.I , I I I I I i I I I I it ) I I iý I I I I f; I.: I I I o I ; -, ! i - 0 , I I i
:1 b1t, reaýl In I'l of. t he red lict it , I I i it i lit erfvrelici. I'l or :1 wdvý W ill Aillill.l., ;11.1 - I I :I 1 :1 1 It I 11 1 1-1
If- I It it it 311 1 he rapid I c 1.1 it I I I ) I I I -, of I lit, S I I' I I t I

I I I I r I he hillge 1), oil) it , imi'll) I 1 -11 ns I he a xi..ý I of ro t a I I I I I I lit, fn Ill I I I it ( lel. i, I lilt I I I t I v

( 11, t I le ].(,Zl I. 'lle , \\ I I ill , I I I ( - ( ! I :
I I t he st rlit cvI I t v r I I I 's le I I I : I XiIIIIIIII \ z I I I I F( I I Ill . to I t I t I I
inter(Creocc iý c(faid to till- drag, of I irw from 27

thillill-ters dvIwilding, Upon the Size (if theto I
ýIrllt. For the 2.5-incl, ýtm t, tljis ilillotilit., to till s pw-IIILý 0-ted,

elplixalvill strilt lellgth (or 1,0 itlcllvsý 5. Tan(lem tIv;mi1iIj(, _i1w, _jo:wo,,I It,-, 111;ji,

The conditions ill these test, tIllit give rise to Intel- Alinilletcr, apart Io;I 1w falred lo ;Idt,;1111

f.-I-vilve are \erv ýilllilnr it, those envoillitelvd for slrlitý \\i0l ;I 11:11-idv(I -ectio'll, :111d 0ý ;1 _Irr;ilef :t'k;1 Ili
bv I be ýl S ill :1 't ron it I lilt(. 1;l: 1-i!ýJ)W'Pql ýiflv b\ ýide, ill that ill(' sllrfzlvvý of till, StFill,

G. The intorfervilve .)f ;I
%%hich fave va"ll other are Ifiler 1:vIll . I It,\\ v\ er, ill
I I I ( , -ý( , t ( , , I ý t I I i ý n ý i :ý it I I i I I ( I ( I i t i I ) I I I I I, I I't t O f I I kv it (.111 c f
ZI llrie , Not 11 ich probil b] v illerezises Itv i 11 t erferclIC(I .

I (-t ed I[ I 1 :11-;( i t I I
Ta I'll, I I I ýl It l\% s t 111, rvýl 11 t s of ( o I I le it) iýcvl Ili liet I 11, 1

fillet t s t ý fit till(. ( III i ?I I ersee I i Ill, st Fell lillille S I Fit I s 1*111 ;1 lit I 1 )1:1 lilt

7. For I roninlitio, ýt rnt, inlvrývi I iw-, it, hit w zi VBecall't, Of the silmll diffvrvllce-ý ill folves it wa, illlpoý- I fill I\ illo, ill it 1)1;1114. pl-l-pelldicill;tI. Ill Ille ;Ilisible to obtain \vrv ý;Itisfactorv re"1111- For the I V till- i'llefervilvv drnt-, incre:I'vý \\illI ill-ilich strilt, fillets uvi I II-v fotIII (I to im\e detrililvill:,
effects' illcl-vasill" the interference as 11111ch :].,4 51 per- 111(led alit'l(t, reachim-, :1 maximillit \ alm, 11 :11)")JI :;0

For 2111"It's les" 01:111 he interfervilvv ob-clon".-cent. For lit(, Ili I'ller st Fit t ,, fillets consisteilliv redilved
Ilifil inclilded :11ILle.till, interference for all seltili(Z., of till, strilts

S. For vvlillllev,ý lilt orsevt ill'-r 14) forill it V ;III(I kitp-,te',tvd. ill It plume p(ti-pendii-111:11. to till- :lit, ýIrvztlll !l1v it it,-[-Cylinders. The interference drill, of vvIinder., iiii1er-
fervilce is ill-li-ilole for :111 nhic, 14 lilt- illchid"dscvtiIF(, it vIII-iolls is neldivible, w, call It(, seell
:111(riv.from fimirc, 14.

G FN PRAL REM ARKS

Altholigil these tests furnish some interestin- and
usable dilta oil fit(, interference (ýI` struts ill various
VoIllbinations, this partivuhir branch of fit(- stmi ' v (if LA N(; 1. 1': Y _N I EMt ) II IA 1, A V FIONA I -TI I A 1, 1 A Ill olf A I I ) It N

interference deserves imich more consideration. There N ATIONAi. Am ismi i ( 'o-otimur-i-vii FOR A EHONA I Fit

it re of I Fe I- ba sic st n i t co i I I I)i it it I it ) it., w I li (-I I (-t ) I I Ili- I A N I , E I FIELD, VA- -101110" -_1.
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TABLE III

MISCELLANEOUS FILLET TESTS ON STREAMLINE
STRUTS INTERSECTING AT VARIOUS ANGLES

St1rut dinen- Flle - eil lent ave re-

Sions ( inchc. J1"" length ducl'
im es dag (ialr,) ilhe

0- 13 i 14.
I iy3 .-o [;. 07 2

1. 75b lv5.25 ix), 0 :1s :.

ov 136 142

so I -1 2

L75 by.,2 W.' 50 ~ 14. ' 1
75 .21(1 4() 7 5

W14 -as

.5by 7.5, 0-W 1!f o

1.fll 7I) !' a 9 2

I by :12 I 3 -:it

S32 :iI 4

1.751w5.275

2.5, by 7.5 4) 1.3111 24.9
I. (w 4 1

.34 m., -i

1,75 by 5 25 :11 35 .3 2(10 2

lI31 41 :An-

-7 by75

25 tby 7,, 240 23.42 :
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