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SECTION 1 

INTRODUCTION 

c«rs im flmtUr calculation«      &Khilrwinle ^i««. «tilJ oC: 

problOT, which h«d to be conilSJrld ««;f^!i.of Sht «»pacts of tBlt 

l«td fores, which sntsr the f^m^^JtlSÄ? tht **n*r*l~ 

foS %S;d rff ^ Pr«»^« diiJrJhltionrS^T*1 ««"•r*li««ö - 5?'Ä
th* "itlmsts sin is to d.*™<ff I£ '"•"«•Ivss,    Thsrs- 

Mtisfsctorily.     Evidsntlv    if Jh    in* th# ««"«rsUssd forces 

rsllMd forces Ulch «rl wilhtid fiSfrlf'  th* "»«Itlm gins- 
5"« 0f th«* pressure dlsmKuonirjfff1!,0^ th* P1«'^ 

•pprecisbly fro« th^tJSJ Sresl;r«re%el*,,,-nt*ry «'"• flSctust. 

be sufficisntly «ccurate    ormHdf5 ff    ln ,uch «*•«• »HI still 
tions XU snd iv «re folioS^"^ th* ^««ndsd rules inSsc- 

'." t. k, .up.rlor U^fcl^^W^-Jj^^««' 

SirRepoT'1 * the -«-" February me tor minüm as . WADC 

WADC ™ 56.97. p.rt, CONFtpTML 
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^fiyrifiryTiii 

following two important «dv«nr^e8. 
|l/  Th« VIC-t«bui«tion woyld «yMiii«.   i 

^ehine operations ^'th^1^1^ $** ^11 th« 

IcLL^fT8 W^h 8«b®^ic  ttes,  a«d for . Bfw. accuracy,   fewer boxes ar«. n«,«««^    iZ?    « or ■ fivan 
Becau,« of the  import«« of thL ^ VlC^thod. 
here  In advance,  pendSg the co«l^T/PPrfh'   P  is «Ported 
gat Ion« on the VI?^tbSd      Fu?ftir f^i?! Jf *11^ iB^«l- 
will be undertaken and reported on i«PfifCfioni of thi« "'•thod 
rule« s£Äted  in Seetiona  I?rlnd ?V L! Lf^0^.*    A^^ugh the 
flndinga about the PJC-Lnro«ch    lUft b*s«lPfl»««rlly on the 
-dific«loni ^ ^i^iTco^iLti: j^Är8 ^ 
vantage"?^!«" SV?^*1^,^^^« «ri? syat«« offer« «d- 
«onlc edge« at ^-=^l?:  the j£!hiJ}i^for

t
plaRforiB« w^h aub- 

of thia ayataa,.    Rulta'hivl bAHiJl!! h*m Pl*c*d «« the uaa 

poaalble.    Additional tülmammd tmZl ?      •i«Plicity,  whenever 
to meet the r.quir^inta " Ipiclfic oHJ *** iÜJ er"«n^ figuration«,     for inaten^    !P«f*u 5 P^ntorma and edge con- 
to account f«f fcN tffStVtS^ l? ^••»«•^ *• SctlSn IV 
on the alrloada.    sJch rif?n.ÜntI   KJJh ?0lmw"h « aide Sdie« 
STS^a 0f th# nn*1 "aulU (S;fWhnh t***a «^edly thi 

PIC^ are already «JalUbK (RI?    J";  £Qr vhieb t«b1«« of the 

dev-w5eM!Ifiy,ly !?l8h "«eh «"»»»•ri. aav   M**';     ^ developed   'piaton theory"  i« nroail«?^ 5L      >'2,S '   tht «cently 
for««.    Preliminary inviatllatioSa /Sfff0%,,??yvtyp*? o£ P1*«" 
that, at theae Mach numbera    -ir?!Li-       '  3'*J hllv« indicated 
purely iuperaonic airfSiU wi?h iüff f" ^-dinwn.lonal or 
predicted aatlafactorilv     Tn . f"*1! to ■•<«•*• •«••? can be 
caa. ..e«« f.«"bl.      K; «ecu«!;"!}0" 'S ^ th"«-<»i«»«MioMl 
«the Mach number i,  li;c%:ai

C:5aC^S^i^r?LlC.Sl0nf^r0v" 
KVfu ^"P^'  it- "••. whenever aDDli^iMl    «  £h* »^ücity of high Mach number range.      •v,r ÄPP11«*bla,  t« preferred for this 

illuaJJa^Sj1;.?^,'.1^: lÄ ?robl?" ^ fo««Iat.d to 

? ^^a^f-S^^^ 
tive way« can b. followSd S^ai^^^^r^Lr." 

WADC TR 56-97, Part 2      -g. 
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CGNFiStmift 

lonoooco coofhclooto whonivor th.J «füi^i «mtroc. tbo 

t«d in tolling nJÄSiLfnuf?«r?JKf **ro4Ä"icle^^SrII. 

tjm.iv.ly di.c«...d ti'Kf^f" l?1»» fj« !5??.^>5«» «- t«ii.iv.i; ii««.;;; ii i!;/1" s?1^» f*«" t'««j H«;. s;.; 

iivwi fco co^»ro*i..« bi^i,.6;!??' J1^ dut co«.ld.r«elcm &«lai 

111.1 LI5ni^dit1- i' ----to b. .He ..tt.r .P 
to tabulate aero- 

Proach Uit  I? f.Trt^
0

t
dlt^

Ch ls conclud^ 
dynamic  Influence coefflcLnts"^«?^0l88ar? 
report (page ^5) the nrn^5,,^I -Usin§ one of the tables In this 
to the ifpSÄI.^fJStSSrifLlK'Si» IH nc,a Wording ^ers using the or.aiinfc «!*2!IJ        

qillte straightforward.    En&i- 
short tl«*f„?e

a„P
y
r,S«h "ä.1 ^3 rX.'ST "bul''"d ln ' very 

vl..d for in.^.ö.ou. S-iraJ^rS^Hr^^lIcTn^ra^oeld.d 

v.Stlgü:?!^8
an.?etceS«1e™pfa

f
t:Se ■UbJe" "«""■ "« snowing 1„. 

b'olorL^^r^^^lnr^^J^f^^l1- «•«'»I,«, for partial 

iey.Sb^Lf^5LTtTsfd\\^^Un\;h:0
do™^^nSUi«ity 

tatn ar.umptlons,  It 1, £ea.lblf f« f„™ ,aSp*ar8 tha,:j "ith =ar- "ent o( thl. typi for .oS^L^te^irS^ «S^J«1 """- 
^Ä'ÄSf S?2^ S^^pf? ^fw?f -nous'punfo™. 

are  available; swept),   for which experimental data 

WAOC TI 56-97.  Part f .3. 

CONFIDENTML 

^1 

}■ 



^ 

CONFIDENTIAL 

SECTION II 

SüMMARt OP THE RELATIVE MERITS OF THE 

THREE BASIC GRID SYSTEMS 

«cording to which eh. pr«l;«7^ S lollumact cotttictmni 

»•rtlcal ulcclcy (' doimM.h" 1 „„    i    l',t,d t0 th« v*lu«« of eh. 

in view of the linearitv ot  thl ^L-        fU 0^^ «uch arc«« 
the tot.1 velocity KtSttilf « fc?*?!   ^ tot*1 P^«««r. ("r 
J? 5h« »«» of th« influence coJffici£,r-! «PPffxliwit.ly .qiei 
that point,  ««eh one weiahted wffh f    t8 for *U bo«e« «fftctii 
downvaeh for Ite box      UKU« ?u lth *" «PProprietely aver«ff»ri 

(PIC).    When thl. qu.n"?v il fJITf* !nfi"e"^ CMffUififi' 

In connectioJI^ithh?S^PIC.mi^hn3t•3Lfref• WÄr<l inve«tlgated ^ng th. ov.r.n p"cr{cc.?iff-0r:;c-:n-i:«fcv:io.^^: 

ing 

I 

^. 

3. 

"i.v.„t P01nt. ^ .„is?«.", ssji^j. ^{a^.jv.r.j 
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nnNFIOENTIAt 
#«ch of the «rid av*™ 
i««. «uh .fen ^ris: v^ssar •n<, ««-«n w. 

B®for«   «ttüBinrl««.   ^^     

^.ui. XTUJ :?.p„«;on"pi""«' (."r" t's^'fr 
-ic .d,..,ih~lr ^J-J.« ""d for pUn^rSiVlth" ^ 

Pttadvant.,... "«"llMd tore,,. 

"ntcThi38.Tä.B
n
C'™:^' ""•* «~ PUnfor« h.vlng .„„. 

fewr box.. ^ be .ufflcj;jJ fn^^iJijJJ^J^-  6), 
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ch« Hecb bo« («r^^Sg $* Co"«»Poncilng on«« for 

.'quar:1??;«0?^ Effaiä SfJS^iS due.to ,,h-^ 
valwtly ««ro velocity Pot*ntiInJLPrf,fur* for ««I«1" 

tlclly «t SJJ «l^? Cftnno£ b« ■» to vÄni.h1d.«- 

gr«ton t«chnlq;; for f;icu{at
r?fin^ chordwl« int.- 

CM    with th« PlC-eMthödt    «I n? 05 «•n«f«li«ed for- 
C.   t:h««forÄ clnnorS uiid      1Uu8S:r««d ** App.ndix 

11 ^ Sa M*ch »ox 
Advantagas• 

■M for .l! .up.,r.^lc
PlÄ;e'K^".i?*(

,
/?

b
>

,0
/?ic K*" 

Ji.oJnJ.J1?»?!"1'5' ta *°<*-™* " • .W. .d,. «y „. 

Jnfi^rcä;^?:,.?«^'. .»«.«pr...t.n. *or th. 
to co«put. (So. AppOTjli A). ' *" r*th,r '^P1« 

a »Id« tdga.    Thl« [a dsmlrahi* <# .?    T0 '•i1»«« naar 
"choiq„.«of App.0.,}; cd-j.lr;.bij.d

if(Lh; äiirsüs^) 

Lhübo^;,"rthfcoi;^Lnh%COntrlbu,:lon» du« to "half 

"ith th« ratult that lT§* J-Z  ■*LA,BES-<f« on a side edge. not b. ^. s'Ä^ms^ sjftras!cfn: 

calcuUcd for eich MI?S nuiLJ0Wnlf••h•, ",ö,t b* r«- «ecn nach nutabcr.    Howavar,  thi« task ia 

WADC TR 56-97,   P.rt 2 -6« 

CONFIDENTIAL 
»- - 



mmm 
^•latlvely  mam*. 

mm-* 
'     Thlt   Aval- 

ae "«« »«jr be 

SilSfesnUl«. ' 

fc« ^chS' TiH '«"ion. »„, ...     .. 
^ ""-«"?'«ti^ Sun eo o%«"o„th:.x.T- 

"«C T« 56.97. tut. i 
*7- 

cmnDoiTMi 

^ 

i 



CONFIDENTML 

S!! .2 ysr««£iU for gvcpt  i««dlng tdtM«  «w«rl«ne» 
?aT *hcw' CMS («ncapt for « leading Idgo «JactK e.JIl! 

ÜL      S nl !f8* ^ r«Pr«»«nt«d by « Jagged boundarv 
cowpostd of Una« parpandlcular and pirffui tSch^flow 

rh^M!'» KÜ"! C•*S0•fflci•nt, tabulatad for "quarter- 
^»Ä! #b0,t!8; ^••* *"«<5"ir«««nti incraaae tha total 
nuabor of entrlat In tha rubles by a factor of  four 

box »ethodt.    Tha.e problas» are diteueged tn detell  In 

A*, A11 •hould b« not«cl that tone of the above advantaeee end 

of the «J« lliSSiAm in?«^? downW..b .nlnguUrlty or the u«e 
blcoml u22«Ii2Siti«SUiffie1^ t^hnique« of Appendix C, may oecoae unnacatiery. Therefore, for theü«» cases aom» of th* ZA 
v-ntages and dl.adv.ntege. mentioned KKt^igSS Insig^ffl 

rate» 'iSt'SSiSf: f0 d?Je'   H ÄPpi,ar*  ^^  th« M*«h box sy.te« 
AccordT^aJv ?t II iL^n^rM,0rity.of P^c^««l •PpUcatlon« «t&.oraingiy it  is recoomended as  the basis  for  futur* tdK.ii .r i^* 
Of supersonic aerodynamic   influence colfficilnts tabulstlons 

WADC TR ^h-9?.   Part  2 -8- 
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SECTION in 

RULES FOR APPLICATION OP THE MACH BOX SYSTEM TO 

PLANPOims OF PRACTICAL INTEREST 

o* for meiid PUnto^LTXlVanäiU Which m «iv«n *- 
It  i« pot«ible  to «nuncUte ««rl !Lf® f^^1**'  IBU,t b« followed, 
tli CGmhinmtiom of oUnfoJ«^«! «•"•r«l fuUs which «pply for 
«oUid anew tSMiiSiffs; SSJ^J^Är Thm ^UAt 
plific«eioni end refin««incf:        rif,*k *OWI of th« posilble ila- 

fewSff^ftSJffi III*™** m J. cU..iflftd into thr.. 
the trUBgul*r.    Aa thi Mech^f:.6?! •*t?t5«<* tapered, and 
pUnfomn may exhibit .unIrL^r i****^. Mch of theae 
being characteJSed byT^^^T •Jjir^ ed«^,'  th* **£** 
Una,  and conversely      For I?Sff2g ? U•, th*n thl,t of « Mach 
li neceaaary to llllo* ItläSS^lS^ll*** "^    U 

rry^^fh
eJa

h:j?&i^IfngarJhJÄ|?cd'.0n
fL

hf fT4« 9***f* by 
culationa on tome of these exaLlea lilJ JK.^' * f«w trial cai- 
heve Indicated that »oat of STnJi« ^n* "•? af th# nc'• 
ing reealtant accuracies for DlaJfoSL wiü «PP^'  ^th  increaa- Theae rulea should rhlZIrl»    P*«ntoriwi with subaonlc edaec 
•»««Siu/SmJd «KftBr«   p"d'"boeh -'"^"unu.. 
111,1    —Jly SuP«"onlc  PU-f  

(punfo^'^0^^b-in';/fJijJ«orr.ly .up.r.0„lo pUnfon.. 
»Id« edge«; e.g., the wide delta)     tr«iling edge« and no 

Rules: 

for the highest M^h numLr r« Kfro,B ^5 condition that. 

chord l. recorded    V^LS^Mr1'^*10"-8 tht rooC 

• ion of  the bo^e» IhoulS K ßK^ÜieiS T™1** di***- 
»psnwlse location» of tht contKl SfJ^i becauae then the 
^ overall width of thT^S^^Än^gTciSi'  ^ 

WADC TR S6.97,   Part  ? .9. 
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WIDENTIÄI 

"u»b.r «h.„ „y „, th. ed   b,com.,;j:"'r"' he ««^ 

M#: bo:.r.o.f
r:

h?.r
k

d: • „^^ «y isr^-1^htgh' if 
>>• "•»•"     ■  "'•n for /^5„   th.r. »tu 

!••■ than *ighE boK«« ILn* ^h^      •f*'    In «ny c«««.  no 
Ployed.    ?org«o.rof tS^^tä!/«?' ?ho5d ■hould b« S- 
"on of thig rul« SlU «l!a*25! ®f PU«fo™ the «pplic.- 
ip«nWiie box«.. il<N •n,ure ■ ««fHcUnc nÄr of 

?r Lh:£on^tr
th

0
#

f SSS^,!^- äbSS!««-—d ^ 
• inuoug •isujöed mode UhlipJ. £«*»«l«tlo«« «„d th« Mt« 

i-ntMApLsr?^: uf.orls.fr h
th- isnuwc* ***^ 

"«•t b« cho««n .uch th«?      '      * t,a"ttb#r of chordwl«« box«. 

fr 
^     ^ Eq.  (3.1) 

joci.bt.d1;it
t
h

b%;ri^i:3 AVTOTM^ ******* **- th« node which i« thrSat^llJ^fV1 !l,l*l«« •«•Iftlf, 
tlon will ^«2«; thrSJuJS^läJf! J^«^W^i«e- 

for »roper Positioning of SiJ «rid iä?!!h ao fP^1"« rule 

f« win b« 4425^^1^ iL^0;-
!ji?-- 
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comiTfÄi 

equal  to th« «r«. outüde th« ttlKfJ«3?!^ lf «PP^tnwtely 
Since th« trailing tS« U ELÜISfS" tÄktn ln ^ eh« «r^ 
tlonihip b«tw««n that  linl !n5 ^    iC'  no P«rtlcuUr rel«. 
It n««d be  l^o««d ^ Ch# box ••«tWt «djacent  to 

i       ^p  "pVm 
"Tv7" rl           7^-7    • ■ 

«r 

M.                  |k J^l    |'. 
_..J^/L_    1     _|__ 
""-H Msdr»^<i««»« 

d,   —     — r ?p 
mnm^mmmimmmi 

L-L,_  
Ti            .6         , 

trt to b« IncludSd     ?Io ?L*«    ^«^oni of thair cantar», 

Jba planform, 2Siu bof V   hai'lta e.tr^1^ ^nPr on 

i«« «dt«,    ror box   1*7 tht MtiSrirfSJ ^lndith? trÄi1' 
potential ^y ) «nd th« «.Lfi!fl2 *Vwr.tht-veloclt^ 
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mmm 
&o«   «3   .    For each »«rtiaf h«*    <?    tllt «dJ«e«at «pstr«®»» 

«P«« «n the planfor» co i^rLf11*d by th* «f«*« of l't 

K^# p point« o» tbrerJnÜ'.iL^SW to d«t#mi„r 

«t«?lLhh«dh? Bg'nSUf.^i.ffy. ^1 fUnfor« compl.^y 

motion.    Appendix B dl.cui.e.  rh?! SÄ^?1 6i«»PU harwonic 
downW«»h a!npUtude i? S« «StÜ**^?*^'    Wi£h thT 
(co«pl«x) SplttlMN of^JSJrjfLHS b0X knovn'   thJ city potentl«! dlffer«RJrbJ"iJ "^.^«nc« or of th« velo- 
f«c«8 of th« wing     ™m* t5«£*f««n th    Upptr and  1QW ™*m 

T£ (Tin? ^p:;sJxT
tro1 point **** Htte Eq.(A.6) 

hat Wightln« '«tor. Jr"„^ed
Tb! C^^H 0r   A^  ^ «ox.     Tn» a«n«rfillzA<l ^«3-- I      ? co l>e constant over aj or Eo.  (C.f»»" "*?.;?."! c«n b« co»put.d fro^ K"».  .^j 

..r.U«i föfci int«;:^, J" '?'« " «O b. .ppu.d f„r 

anfnnna   u-1 «.k   e . 

rf^.ii^f.UlTM IHtTt «nd 

condition 1« identical wttb th^r f11®1  fc0 feb« fSow.   this 
1« the velocity potentlli L ^*^lr?rnt £hat !*»• diff«?enc« 
?ro« either »f tKf« cwilSloS ^ ^ p0in^ of £^ «illttllm 
region can be MlSu?™"^.^^?«« *mmwMh on SS»       ' 

«nie «dge l. aPproac!ied  fr^lS^il^^ijliJf ^f* *Ub~ 

WADC TR ^b-9*'.   pÄrt 
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mammOA'    If th. unkno«. dmm«.h ov.r «cb dUphr.™ 

mm of £*n box«s «long the aid« «U«     it .hm.i5 I*1 

pointed out that with ran box« InS th« VT? ^K 5 

i«ÜIL! f tb« Pic-jathod, M that thla «InlwwE Sv ba 
lowrad ionavhat whan tha fonar la ««ployad^      * 

Altarnatlva g;    Whan fawar than this minimm ara amlovsd ai««^ 

larity.    Thla procadnre la llluatratad In Saction IV 

InM«i!!i8irn for rr*ly s«P«raonlc planforiB« «pplv In ganaral alao to thla claaa of oliinfL^ wL-pp y 

«upplasNintad by ttm foU^| Mwi"^!«^* ^ 

lutl^üfil^ Srri0r, frV   ^ fco bÄ repraaantad by co^- 
eon^-n?      tu f^^f0^««^«» ovar such boL» art at^a^d conatant.     It«  iMdlng «dga I» no lonaar a Mach  ii«« w 

Rulaa: 

«alln*/^**"!!! ^ £hV^!f ity potantlalt ovar tha »Ixad 
region A *C     ara to ba found according to Saction IV. 

WADC TR ^-97,   Part ? -13- ■ 
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^l 

mm? 

Fig.Jn.2    Positioning of tht !Vl0ch Box Grid Sva«a« «.      «.    - 

5.     If f«w chorduls© box«« «w«  . 

coaputing g«n«r«Ut#d lore««    K*5uLC i*^0 b* ui*d **>*'/ 

tanfular rule.    Thi- r*fi«!*'  J8,,?4^« ot the »impU r«c- 
PlC-wthod. Thl8 r*fi«^^ ü necea^y only iitj th. 

111,3 PIäMS™ with Subeonic leadi«» .«^ ■ 

that n*«r « tiJI ilL! TliL^C'SS d!«tr^tion ttiiur to    8 

cannot b. incorporatld iuJcUIfJu/^M;««6«"'   ^i. eff,c? 
diffieulti«8 dictate th« STSn^Si'SU^-J^1' of th^* 
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I.    A asinl 

mmi* 

twelv« chordwtse boxas «tn  ML« Jf   * MÄch nu«»»«r» «»«♦« than 

of .«h box on thi JISBSI« UtoiLl^Sli'Ä "J
t,M "nt« 

•i"pU h.rBonlc »otlon {A^OTdix S)    '"" ':h* ',K,de •h»P' of 

condition of »to P?.«S, (Sr «™ djr» T"iMd.'r0" th« 

L^kLS?. t^t^V^tisj^i "«•" of .a 
(or  ay ) b««.,n thTuS« Sd f^,"! Pf"«ur« «llffor.no. 
put.d *t ..eh control oSfJt ™ .iowf "»'fee., c.n b. corn- 
or Eq.  (A,8) of ^„dK J ** P1«»'»" «"■ E,.  (A.6) 
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Fig.Iir.3    Positioning of th« Mach Bo* Grid Sy.t«m on a Pionform 
with Subsonic Ltoding Edges ond Side Edges 

1 
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mrnmrn 

th« ninlMin number of boxef ffe twlve iithth. w?r «!L 2 ^J?* 

,n-4  groissE'Triiiinj^Mig;1' '>r S"'"0°lc L*"'tnii t*  

«illl^'ld;:."."8?^'  ni.')* "■•'to'** ««ton Whlnd th.    * 

ii«Lf bSL.thft mUapm eh0rd ^to b; ^ « Ä^är 

Mnn.r to «tt.fy ch. tru. b0unS.ry condüliü of  ^ "i 
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-qt 

mmm 

wh«re ^f| is th« potentim differ«ne# at tb« upetre«« trail 

Ing edge point / «nd (^.^ ) reprint« the dlit«nc« be- 
tween the center of box a,    end point / „• 

•It «hould be noted that (a^     «*,. b4S Co«poted for the gene- 
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SECTIOW IV 

DETSRWINATIOli OP DOWNWASH DISTRIBUTION ON THE 

DIAPHRAGM REGION AND ITS EFFECT ON 

THE AIRLOAD DISTRIBUTION 

• n«w surface vhlch ia «ur.i«!..«:« f^ * ^ Sht dl«pnr««» tor»« 
w«h 1. know ^rywhJrr iL »EIIf0nie fnd *? ,rtllch »» down" 
«urf«c®. ««.«oaAnea a« tor any other purely •uparionic 

the wUtW^^gSjL1!;?? btlw ?5e CÄ"i^ out «ith 
with theae axc^tloJel oUo,'• an ld«nfclcal procedure 

(DOne^te^oytheVlC,   ^'^^^    in.te.d 

ofthePlC.   (C^-tf^+^f    ).    Eothof theee 
quantitlea are defined In Appendix A. 

<2) rLSi'ÖIf8" ^f}01?* "••r « ««»»«onlc leading edge or 
fouidlr^SnSltlL^of^i^ flor ST ,IMit iSpJS thJ 

(3) tm-^L^SS'^T^d « «ubionlc trailing edge, the 
true boundary condTneiTof A«--o dictac-a^h- ..i-ü« 
the relation ( ^     btlng b^ind ^tSSt^Ä)01 

^y^/; * 4?(w*r) e "'*(^ ; Eq. (4. i) 
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««d tb. condition that    4^,   b#hind tha| ftf€Ulng ^^ 

of th« SffiAystin^iSa ?hSir Siflirii^ t50fe ceTi"« box., 
po.lng th« «p»roprl«t. bSunXii SSHK? ^«"«^tnii r.glon.    1«- 
box-fT eh« 3S£n2Kh diit?ibu?IL «f Ji0!! !e !?• F&n*oi th*** 

th. r.ct.ngul«r%lng ihJ^ IHli    fw /* S •»Fli» «»«»^.t 

\ 
\ 
\ 

Fig-m.!    Illuitrativ. Esampl. for fh.  Tr.otm.nt of th« Sid. Edg. 

On. hfis  th« following «qu.tleiii; 

^1 
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CPfMIMl 

it***  «SA^^Qr + ^Cwe 

«Uoit • Ilipl« «KSItäf ÄS10"? h*v« b««« solved.    This «# -üi  7 mimP** s#qu«nci«l calculation «nd «voids th* na«*»««^*-« 
of tolvlng a aJÄjltaaaoua •«•(«.    u a «atriK f«r«M?«?T«« ?: y 

uaed aa In Ra£. 8,  thar« follow »«crix forss*l»tlon ia 

ö ü      ö o 

6 0       0 0 

^gj   Q,     C^ 0        0 O 

[Q/ C2)i    Qj Ct)l  Qg Qt3 

ctc   0     0 

cu C ■O,ü 
0 

Q« 

: 

or aqaivalantly, 

C/^o    0    0 

% C,o *  Cv  0 

.^1 £1,0 Cu ^V ^ 
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C^o    ö   0    00 

^1 ^1,1    42  0    0   0 
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\      J 

s 

i» ' ^ 

0 
0 

0 

£<!•  {^ -T ) 

Bq.  (4.5) 

1 < 
1 



^1 

£tbiiL' ASSESS gÄJr«.."!^.. 

th» £oU«ln» »inn". «ccouiiMa «or «or. «ccuMt.l, tn 

llMS ««natIngUS! f ^ t r    ^'ÜS^SUfÜ ******* M««* 

*PL lJ Eq..   {*.6«-b) 

If the receiving point  It on the «Ide eds«    1  «      «w? 

^n ?*i^it8 fhf prop*r h^*^ov tt th« sld« MM (r»s dr 

telna (see Fig«.  IV.3«-bj '-«""Binar.« cranttiorMtion OM ob- 
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mmmä 
ALONÖ THIS  SIDE  EOQE   r»i 

r 

*,i 
FiQUC.2   Characteristic    Coordinat«   Sy»t« 

y^ 

m 

«ha« th@ origin It on the dUphr-g«, region, 

v« /r- »g -s 

^q. (4.8) 

Mli 

Eq. (4.9) 

when the origin is on the pUnfor«. 
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nONFIDENTIAl 



mrnmki 
fn.So+r,) 

ALONG THIS SIDE EOQE 

^(r,S) «  —r 
^«      rrr 

(a) 

-C0NTR!8UTINQ 
REGION 

r-ALONÖ THIS ^v 
SIDE   EDGE \ 
r-r0-8«o \ 

i g 
XiS /d /r-r0-i 

(b) 

Fig. UTS   Sineulor   Oownwash  Distribution  N«ar   a   Sid«  Edg« 
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CONFfDENM 

ft'-iL.^.'S^Ä-^^-^o.^u«..«, h.. 

«<!•■ («aoc-ii) 

(1) Stogul.r dl.tribotl„n of .tr.n,th %   „,„ ^ ^^ 

(2) A«1"<»^.«t-«t»l« dl.trlb«l0M of .tr«.tth   - 

(ä) äT^T:^'?«0'rm*th ^ •,,d **' -« 
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Bq. (*.u) 
Al in thm  prtvloitt «xanols fi«. ik  di 
or « aitris •olueton ©r tb« «h!v« .:!?% * ••<l«««ti«l «olution 

^ 
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Hl 

«MM 

ceafr of box U* )  u (Plg.  IVA} 9****** «t 

Jh. u„««i .Xpr.--lon. for th, C0,fficUntl ^       w^ 
^a   ««ö   <$y   «•«• follow,: •    .   w^       , 

Bq». (*.i3t-fe) 

WADC TR 56-97.   Part J> .28. 

CONFIDENTIAl 



mmmn 

(p) 

**». (t.Ue-d) 
Khan 

*} 

T m   * 

and 

"7 /•V'     n , «^/ 

Iff. C4.i4«-b) 

WADC TR 56-97.  Part ? -29. 

mmm 
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mmiki 
form 
for 

''ZM'-LJI 

P.M. ^J>e^ lmi^mtlf2) 

Th« Infinit« nnrl.«  I. «k. 4 . ™ of ord«r >   • 

lnt.(r«a<ls «. fnactlon, " "5    V {. InTJ(' ',0,:ln« «»t th. o« l«t.g.r. ««i   ^  !. . ,r./etoi - {Wyfar!« «.g^«- 
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mmmn 
I'/Wi. ^ H.f(0 

Eq.  (*.16) 

to «wet: if #**-) u t po^^^ of d r ^/v y   %       , 

Zf m   O.tBT,83/t57* hfAmO.i&3et&JSif 

K * 0- T*6'm*&SB Hv-a nm, J6/ 

4*. a. Wm** Hs "0.0^7^336 

For ^ , thm  •itoaelon It gaan^iat- HI##..^.^ ., 

f!2!J Zl  lllt««sr«Jio« v«rl«8 with y   H««.^ ** u \ 

«*«•      (S(c')     U d«ftn*d to b« 
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By nu^rid int.grÄtion  %   h9com^. Bq.  (*.19) 
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APPENDIX k 

PRESSURE AMD VELOCITY PÖTEMTIÄL CALCULATIONS 

^     e 
«6 the fending box C^-v« ) ü (Fig, A,l). 

*-' *. iU ^   - ^6 
*>:& ^Z*J H.  (A.I) 

»ov«i ^ box« dovmtcr««» «nd m.   boxet Co the rlaht f JL .Lf * 
«rhitreriljr detigneted reference boM ' J ) %UiUrl J 25 ^ 

respectively, thet one aovee In golne fro« thm  ■•«^i«» K«f f- ' 
the receiving box. In •«perionlfaL ?> 5 "^I* bosJ tP 

The total preeenre et the center of (^^) u therefore 

^V M.  (A.3) 

JhJiifiMr^r fpn*r8 l^S^- *T*> of »•*•  ii ««d H carried through 1« the tefele«.    The correct expretel^n should r^d 

^ 
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•riMMCSMK^ 

Flg. A.I   Squart  Grid Sytttm 

MACH 
LINE 

Flg. A,2   Mach  Grid   Systtm 
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cmonui 

A,?   Agrgd^^e^nggggj^^ fog M,^ ^^ 

For Mach box««, th« pr.itur. dl£f«r.nc. »t eh« c««ter of 
th« r«c«lvlng point (^i^) du« to « «eSHMfi dowjwiih-^ ^r^ 
•t th« .«ndii,« hon (^ )  is Minm4 „ foUewi (pii    A^h 

■c««fly ca.«   ^_   lt ind«p«ndent of Mach nugsb.r.    Accordingly* 
tb« total pr««sur« «t th« center of (*,/» )  i, 

lk*~£C- f^^%A (^4Ä) **'  ^'^ 

Th« total velocity potential dlff«r«nce «t (^^ ) 1, 

Again by syamctry, 
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aivJ.h@ ^wÄCt •xPy«««ion« for the PIC« mmä ^h- MAI 

V»M~0 

£ .o 
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r*i 

Eqs.  (A.lO«-d) 

i 

v>/l*t Eqi.  (A.ll«-d) 
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-...«onu "i ,.l.tn T8^ in
h
u:",:1"<' -^ 

cocfflclantl  li not dlfflfnli    Si.  '   eb,,t"'' iC MbuUtln« the» 

'"' Eq.   (A.13) 

-ff^JKm 0 
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mmm 

' *****    ' 1 *.? 

The interpratations of m'1    ,  c*$ß>~' «tc elvan hv 
2.l0«-h)f Ref. l. have b.en allied.)  '     8    by Eq8- 

LJ. J*?*  th* bo««» i« r©«f aS"-/ , « eubdlvisioa l» «MDIOMCI 

^4 = 15^^^)^    r^.; 
E^e. (A,l4d-e) 

«here ehe •obserlp^ ledleetiee Chat fifa ^^ß    depend on « re- 

ft&SXrW!1!!!»*t0 ^£lfth c£ * m ***ob- 
■ey he aeen fron ehe deflniUen»,   tLT f   j4^       and 

(Ä ̂A are Independent of Mach i in eontraae to the 
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******     *,*     ^^<f f    i>~/z~/ t 

Eq«.  (A.l5«-d) 
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i" M «V •   f*i  f«   «t ("   ,*   of  es t«  m 

...a e, e o e e Q o e e a s © 

I ". ". •. ". «>. ^ ^ q "5 S '■. '. "H 

mmmmM 
ana oo»oooe«JOB9 
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APPENDIX 1 

»rmHjmnoH or m^ASH DISTR»WIO» 

1 **  ' «q. (l.l) 

vi*» tlopma mnddmtlmltilit  d°wn!'«»h«» il £o find thl ^J- 

"y prop« «KrSStSSrjTJiJ^x^JiJS- «• ^'i". 
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mmm 
vi** ?lve2.the deflections at  /-i, M   ,... *      ^ wise location ^ one can fimi f ««f.-.     .'^»       ^*    at any chord- 
tion  ^x,,,; .     For^hjrcan^ile^?1^:10L1" f?r  ^he^eflec givtn by *.«nti.iever case,   if the polynomial  is 

then on« h«t 

I 
I 

W'tKlf* 4*jl*   •■■/- 4^- 

y»   y«     yj 

iq. (B.g) 

^•. (B.3) 

aCxny) 

Fig. 8.1  Typicol Sponwlte Deflection Curve 

Soluciona of thm above eat »f .<—.^ 
conetents   /   /    wmvm9/** 0s ■iMlCAneotia aavatlona vlald    I-K- 

general    thi"SlJ?S!i.?ty b* ob««in««i la a eiailer MBI H , 
5ruIIi,«.t!,• WratIÄ over the «hol. ÜSwiTSSV1 
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CflNFIOflUm 
fajfh^M+^Mrj* *4*MiUti Eq. (B4) 

Äe^Uufr'10"8    *'&      *** mmmUU  in   Z     which satisfy 
<Yx..;-/.     Afai^a   *4m 4*i Eqs.   (B.6) 

Urly. thrcen"" S"tta<boS."Slr«?05h.t?!!* .""«••    "■"" 
much beyond .    .     To Inaure  th?» ?^ ?!L  he tip should not bs 
tlons at point» near th^ InJ. Instances where the deflec- 

the cross-plotting"f Ehe denforjL^T1""1-    0m! 8ul:h "«• Is 
stanty-UneS. so tL.1 ^^iin^^UtTA^ Zt*™' 
8,2    The Triangulär Win^ 

^rSisrsi^^^^^^^^ cage of Flß    a o.  .w?- ?/xample»  consider the oversimplified 
WtMl wJSi    there win  irVre glv6n at only ^^ PoKts 0n 

artificial,  reasonable «StiSiSf ^w    i8 "Pessary to have 
ft^.fi   which marormariof!LitLdefleC.tlons at P01«^ 
calculation« demand LrLdtrül cJoJs DfifM

0r,n'     Ho!?ev«.  «»fe 
deflection vs.*   for constant vJluer^^anS SI iln*^*' 0f 

can^heal.0 .PPUed ^^St^^g1^^^!^ i^.ich 

WADC TR 56-97, Part 2 -49. 

CONFIDENTML 



^ 

CONFIOENTML 
p- y 

Fig. a2   niustrotivt  Exompis   for   Finding  tht  Analyticol  Expr«s«ion 
of fh«   Dcfldcrion  on o  Cantiltvtr D«lta   Wing 

(1) From the aforementioned cross-plots, find at th« cH«*« 
in- 8tofthe5c-nte

e4efieCti?n8 at ^ «P^wise8'station    cSr^d. ing to the centers ol various columns of boxes.     When chanaino 
Mach number    the spanwise  location of the box«; wiU not chaSL 
SecU:nS?nKimen8i0n 0f a b0X iB kePt fi3£ed  (** suggested S8 

«„„K   (2)  ^owins the deflectic ^s at a discrete set of points for 
each desired snanwlae station,  on* can proceed anal?ti?allv to 
find polynomials in % for each such spanwise stolon y 

strea^lse^peST6 P01^0"**1« «• can differentiate to find 

i"^® *j!°ve sf.eP8»  one may employ any existing additional re- 
äeflecUoL0" wnt Polromlal which would ««PPiement:  the Satlof 
Uo^rÄe ca^ti^veTSing"6 "" Utill2e the bound^ -"di- 

Z-O,       jAmff &***'*    mf j,**. Eqs.   (B.8.9) 
Another condition is that the trailing edge  is free,  so that 

Ux»^ V^JM *.o at trailing edge. Eq. (B.10) 

mL^J^KJ CORdi!i?n (B'10) is difficult to use, so that one may take this condition approximately by setting 

£t ■ O at trailing edge.   Eq.   (B.U) 

pSil.JS'JÄt' 'ilLfü bullt-U|J beara8 the '"""^ 
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fK-ii"-?*"* wb0r*J   for,««ch ^^.  both th« d«fl@ctloni end 
Jibll Jo ?7L^Lg^? f0? Ä M5 of di»c«^ point*,  it Upm~ 

•xpratslon for Ch« deflection  li no longer required.      mtm^tXG 

i. ««?fTw? «unction /    tt U&t ) equally tpeced pointi.  It 
!• possible to pea« through these points «polynoeiUloi ordert 

fM-K-M) S(*~„)+     *K(*)/(xe)+-   *kN(mM)     Eq. (i.l0) 

Eq«.   (B.U) 

IrL!3 aily S|SÄf*d c1»?^*"« •teclon« I,   ...   ,6 «hare the 
^PIl«± IV S0,m (?M F^-  ■'U'     ^  i« "quired to find 
A«^ K!/^0th?r P0^" 7    '*.' *     *• »ho^ln the figure. Aseiwe that Che elope «t point  7   mmr be «deqaatelv cow>ut«d 
uelng a three-point Interpolation.  I.e"    " -T co,ipttt*d 
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^ ^   L09rm9h» '"'«rpolotion  for a   Function   of 

Th« on. can vritt for fcfe# d#fl 

On«  Varioblt 

or in ■«»*« «otatlor., 

whom   /^y     „j   /g, , 

Mf" 

Eq«. da?) 

E<i. (1.13) 

W) Wr) Wr)        o 0 0 
Ö KJh) K(h)   W e 0 

0 0 ^Wi)    ^^i) /<:^f) 0 

0 0 o            ^«fj KOO *,(*,) 
0 0 0     ^^f) Wi) *, M 

Kq.   (B.l*) 
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iff j „*i~*'. 
!?■. (1.15) 

SiiLZKi f 'S! f?*,l^,* ^l»«n«ion of ••eh bos fix««! «.^ 
JiSrS ftJ iLSSfK.?"'  *h# contro1 Poi«" willToing« posi- tion In th« ebordwl«« direction only,    Th«r«for«    th« t3 «? 

sins th« slop«« te IIM n«w control points in ttrii of th« kIL« 

low«r-or<iar Interpolation mat be rttortad to ^' 

1,4   ^-«y*"«1*8 In^Ml«tio« for a runctle« of Two Variable 

«.,4  I? obtfin ^W P^opar Interpolation for a fnnctlon of two 
varleblai,   the abov« tachnlqu« nmy b« usad rapaatadlS      NJ; 

SflT?^^*"1?1*"^^^^1^ U **f«Ätt on tha tSS con* 
fj? «Ki; Ini^l/Sjf b* f0»«*1 *' dlf«tr«t chordwisa pSlnt« tor givan aoanVlsa stations (saa balow), and (2) whan the d«fl«e- 
tIons and slppas ara naadad at points 1%Z ) Yox SSli   *a  2 
not  lla on th« spanwls. or chordwi.a locations of tha dlsfrata 

T^ULLII^IT^^ 'J* nW *0tnt9 wiwSJ with JhJ 
wa? 2^Sth!LSf4JS.fälTSj!j *thÄt th********** 
,u     A? !? fllu«tr«tlori of case (I) above,  let   iim J \ defln« 
JärK^ilS^L^Sa •"f ^l^^J defXa t!Se

rtt<w,sJ;flne 

t2 ÄÄe^ÜSJ^fLflÄ *ä {oVuf   ■nd^,   l*" «•••trlcted to tainl        iP«li,'ii« location for this exaüpla (Pig. B.4),  one ob- 

fc9] ~ [fy][m?)]r 
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STATION 
STATION 

ng.B.4   Lognmoi« Intarpoiotion for a Function of 
Two VariofcSs! 

M^ 
'^./^     A;^     /t:^r) 

KM     K(h)    KM 

W 
<; ^. ^ 

Qy       ^25      Q . M)^ 
C5t,   Q»   Cu 

1 

KM KM 

8q.  (i.lS) 

Kqt.  (i.l9«-b) 
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Therefor« one obtetni for the iüt set of influence coefficient! 

-1 

LCJ* 
^   $, 

m 

kf*T) tyT) W" C   Q    Q lifti   KM 

w w m CH    Q*    c*> tW  W 
L J 

**  ^jtj    c36 
m,}   ZM 

Eq.  (B.20) 

The above Procedure mf be repeated for «11 other •peimlse 
co;«rienf..4,nd *  t0 0btÄin tht COT,pUtÄ "S S Sflue". 

It enSluTtirL^r'  fh* 6it«ftion *■ ««»»whet different. 
kiellSI 1? eSSSnl"J^i1" Tt dJ"ctlo!'. ««y    ^ -direction. 
diScJfon f  r 5?^^f;i\OW!d b? tat«rPoi*tion ifc the othei oireccion {   K -direction),  keeping   ^ constant, 

WADC TR 56-97,  Part 2 -55- 

CONRDENM 



MMIMi 
APPEMDIK C 

»ECOHMraDKD HfTBCIWIIOH TECHHIQlntS FOR OBBH.»» mCÜS 

only • mil  fraetln? «f rtf ?!? ! «^tribufclon) contrlbut« 

•ur« distribution »ay bm •ppr;*Ub?.     A r.J^LÄ0? ^il^f- 

wit. lnt.gr.tion prJ.durnrjJS'JicolLSIdid        ' ln ^ eh0,rd" 
0,1 **fin9d C^I^J« i"t^r«tion Schmmm (PIC«M.thod) 

from poititf    c to   £    and  a t«  al      »i.««^ — -». 

üJÜTü- f'u  ^ th* 1*n«tb from point  2   «nd 3    .    Thig •«0r«.fiin„ 

xc represent,  the correct behavior,  a« nay be derived fro» 
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rnrnm 
LEADING EDGE 

TRAILING EDGE 

AS' J V*^* 
^        Wi }(b + zh) 

Eq.   (C?) 

«q. (C.3) 
Thl« refined integreitlon forwil« I« very eliaiier ^„ M.* 
tenguler ru 
rule. er 

WADC TR 56-97,   Pert 2 "57- 

CONFIDENM 
i 



CONFIOENM 
r.pt.^nJ.d^y1" ^^^  if ths ■W« ^out any •Xls    x^   it 

t:h«re rft.«U. th, «»««„t «pr«..lon for th, «««„«„t ^ 

A"-tfä(i*£*7F**-i>Q+Ä(4?^i*s~§**)]      H. (c.5) 

th. gi«h:r:Ä:dp?s?;srt ^ä SSü« r«c^ «icuutio« of 
point«  ^  ««d 3     iriivÄ«"bv f«li!?«; iJ"6*8"'100 »»•^•a 
wolghtln« factor b.twin " «Jd( 3 T variation of tha 

-   ^^'""J^WJr/^VT^T'^tT7      Sq. (C.6) 

than thl« approaisiatlen ylalda 

«Croat th« chord.    Thl« ?I?t uilSf ffi0."!«0! th? ?"••«" 
■uparaonlc laadlng «dg««      For «uif™/8?J0 Pj«nfor»» with 

«nd than on« amat taka a aufflcloBtli i*JL 5   J1*Pi»r«M ragion, 
«■« th« ««ctangular rula. y   *r8* Ba"b,r ot ■»»• «nd 

C-2   ^LDstawination of„Canar«liaad fore f PTr-M->wri1j 

pUnfSrJinSa^afS: Ü Üg^-i.ft*^ fS«!l.W *• 
iunctio. .f « «E * .    pg Sj^aicariTSJlSSnii'c^JSiJa0; 

aV*JjAh(^(*^i Eq. (C.8) 
Tha infgral ovar th« chord at any apanwiaa at.tlo« ^ i. 
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vhT. ^^j ar* eh, adju.t.d lnt.gr.tlon co.fflci.nt. of th. 

lass? ffi^fiiiuttlSil: arwr ^^i- •««- 
forc« ™aric«i Integration ylaldf the generell«^ 

^ ^S^toh^tifa*)} Eq. (c.10) 
where   «sC, 5   ere the ■«««••i««. »»»«iHMw^^f» 
r.ct.nr.1« «u 1. -;;d-,'1-''««»rttlo" ""«"».    If h.r. th. 

C'3    g" °«t.r.lo.tlon „f Rwiurt rBrc.. („„..„^„^ 

tt.ln« tb. pr...ur..v.lMlty potmtUl r.Utlon 

lS^hIpf;s:lo,, 'or "•• **»»»* '•«. tN. (c.8)i ^ b. m 

*fvj (w,.,U('t.^ „. (,l3) 
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■tan <. tfc   .nd ^^^ _ ^     ^^ nMr ti))! tftll 

ruir(ctf,,,Rs:t^,,:c4Jt^,?If
p
lf

o,,,,iy ''ith "-• «•• ««.ctio« 

■rxB« m 
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APmmm D 

FORMULATIOM Of THE FLUTTER PROBLEM 

«««•ran«!; forcSri„ociicis :ji
t?Hprovide £bÄ SKiim "•^ dliMnitonal forcti «rl J« J!      %£h £^ «■•wäaed »od«i      ift«« 

ot tb« «atu»««! nod««      A K-« ! ^  t*tlo,1 i* constant for ami ««- 

coupl«d vibration frrjulnltljof JK«^
1
!

4
«

8
 
of "» frwun- 

fwtory solution«.    SSSI^r   «hi ^f!? B,odei ««««Hy ylsld «tls- dslta wing«. Äre to be aJ!f' ;;an.PUt« typ« «tructuris: .ufj"! 
mmm «ods. bscSSe n^ij^' ■"««• rapr.s.ntaei^.'ofM.' 

^^IlKtff?»^ SS*J^2i 'Vion foliation 
influsnc« SMffifiSttrSf    1?? 0

K f*^?^*1015 ««d •trwtursl 

D.l 

anemic lnflu«nc. co.fflc!!„t ^J^'f'u""1"'"'1 l>r th. I.". 
».*. x.. .«.pt th.t ^%Xn.eh^iji:^."^ «...ffv' 
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to     ^^ 

UJ~   p* 

E<«.   (D.l t-i) 
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SIlifTSi":0' C'"! •'«""""<' '»«.. !„ th... .,u,tl0I1, 
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