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SHOCK-TURBULENCE INTERACTION AND THE GENERATION OF NOISE

B~y If. S. tR~IBNE

SM AYail( the entropy moeare es-sentilv"rzn patterns
(to list Kovrisznav's term) that are c'onvectedi Ib tile miailn

The, interaction o 'f a cono'ected 'field o *1 turbulence with a flow; the sound mode, however, consists of waves that pro-
shock ware has been analyZed to yield the mnodified turbulence. pagate iii various dlirections ill add(ition to Iteing 'onlvertedl.
eiitrojfl/ spottiness, and/ noie generated dou'n-treami of the To thle first order inl tile pert urbation velocity. ithere is no
shocA'. This a nalysis generalizes the results o~f Techni~cal tnec o h oe oitrc rfra shj dmd
Rieport I 1t4,which apply to a single spectrumi conponent, toi t pitaiosvgnrt neo h te fols(e..)
gire the shock-interaction effects of a comnplete turbulence field. (tor wak tranvtsf eeren te ofe of trile icer inonoiese (erhef.5)

The Jprerious report solred the basvic gas-dynamnic problem. hvheLgthh hoyi ahge-re efc rf

and the prexent report has added the necessary spectrum analyxe'.v. i'Irs~c fasokwve oeepoie niIr
FormiulasN for xpectra and correlations hare been obtained nisml for a veryN strong transference: thus. whlen anly one of

111111 ri unerical calculationsv hare been carried out to yield thtremo s-uruln,('tlv ottis.rnoe-

curres of root-mnean-square reloeity comiponents, ternpferat ure, ecutr hc.teitrcin~lgv iet l he
pre."?r( mndnoie ndecbel aaint .lac nuberforthe mfodles, in comlparable strengthI, dlownst reami of thle shock

Afach numiber range of I to both isotropic and strongly axisym- I(refs. 2, 4, and 6).
in etric (Ia 'eral perturbations/oqtdia etubtos36/1) Thle first of these cases, shiock-t urlilaleirce, interact ion, has,
initial tuebulence hare been treated. It w'as found that if enivsiaediiteNC eislbrtr sa
tither case initial turbulence with a longitudinal coinpJonent ugrwl of reference 2 antI is reported hierein. The anal-
of 0.1 Jpercent of strea~n relocity would yield a. noise press:-ure sroftealiraprwscierelwthainespc
lerel o~f about 120 decibels: the calue o~f lateral comiponent had trumi waive of a tiurbulent field 1111( was prunaitrily it studyv
relatirely, little effect. in g11S dynamics. The present. paper reforniutlatecs flthe re-

The present results, are applicable qua ntitatirely to flowl ini sults and incorporates them in a spectral analvsis; from the,
durts or channels, containing normial shocks; they aire presumied anall-sis come the quantitative effects of tile interaction of a
ti proride a quallitatire guide to the generation of noise by the oneedhm eeusfeloftirilicwtI a('tidd
shock- structure in a supe rson ic .free jet. plane shock front. (Sonie results of this work are reported

in abl~reviat~ed form in refs. 7 and 8.) Thle pert urhat ion
INTRODCTIONvelocityv., pressure, temperature, arid derisit (ldist rihuit ionis

The propuilsion of aircraft byv means of jets gives rise to bhn tesokar Iesrbdi em ffrua o
intese ois asan uforunae hprodct Prgras ~ their spectra, (correlat ions, and mnean-square values; thiese
int* ese ois- a al unortnae bNl~o~lj(-. Pogrm,,of are separated into the respective corntrib~utionis of t urbulenice,

noise abatemelnet aire tinder way. btut at present thley% tire enrtropy~ spottiness, arif noise.
largely empirical: even withI t he general guidle p~rovidledl Nneia acltosae~eetdfrtero-en
byv L.1ighithill's theory (ref. 1), thle undi~erstaiidinig of the Nmrclcluain rpeetdfrtl otncn

mechniss o nose eneatin i fa frm (Ou~ph't'. it square values of thle pressure (noise) and comiponetnts of the

appears from hothI exp~erimferntal iiiid theoretical evidlen(e. temperature arid velocityN Jer'tiuIl)at ions, for the \Each numll-
ber range of I to ;one set of calcula tions refers to iso-

however, that the interact ion of turbulence withI shock waves intatublne nte stt togyaivmtiItropicintatublne ntire otogyxsnmrc
must often play a part. Onl the theoretical side, the genera- Inta urlec(aealpruraisontuinletur
tron of noise bay such interaction is poinitedI out indepenidently haIo 3I). Thr osepesuelve salopesne
in references '2 arid 3. Thie shiock-t urbulence int-eraction Iain 61 .niepesr ee sas rsne

was fotund to produce, in addlition to the noise, anl entropy olalaosi cl o eea eeso nta uilne

"s~pottiness" aft of thel shock (manifested als ar temperature SHOCK INTERACTION OF SINGLE SHEAR WAVE
and (leisit 'v spottiness ait constant pressure, ref. 2). QAIAIEDSUSO

Turbtulence, entropy spottiness, arid noise (pressure (CUAIEDSUSO

fluctuations) are examples of the three fuindamental modes According to tie Fourier integral theorem, a turbulent
.-f small (list tirh~ance perturbation of a gas (refs. 4 and .5): velocity field can h~e represenltedl as a superposition or spec-

mor spcifcalythe categories aevorticity mode, entropy tinof elementary waves. Asnl pcrmwv a l
miode, anfI sounid mode. The vorticitY mo(Ie (turirulence) interpreted phyvsic .ally as a plane sinusoidal wave of shear-

5utperseiva NACA TN 3215. "ghnek.Turhutience. Interaction and the oeneration of Noisn"' by It. S. Rihner, tIM.
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ixx perspeetive in sketet'i (it): resiltittiit stii'tiiil \i'locittv i parltiiitl 14, lilt- t,\ \t. fitttii4 ' III

iitii's livlt \hIt v lle~i ljt elt' (l lws \\t 1121 Skt'i ilt' pttlicili lo i 14.

A ~ ~ ~ ~~~~~~~~~~~~2 siia aeeloneii hc ssiwtsieti itiv tst'avs iiloi tilt siovt'talt tif(\ t'slt- nIri\ g aitt ('t1141it

the Inae ane caiii' fliot, 1.eing vtewet I)I (ftill--tii The

wha folo s frst isa h'if piyst'ii t'ititiit f tlt'l~t~it U I A tdtition l' of, Itilt, 11 tlr Vi p11 I .,. i oll tit i'sIiih-litw H I tli'l

results. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t Thelfrilil tovi is supsdtoh'tiliit 'iiooiil'lis ill " isilitit of 1i.4ll a

(-onstailt ~~~ ~ ~ ~ D w st~f111 ofist ti tv itt--iot iutwidaog tl'- ,'ttv' it itttttlii sh iick It li ss i..lta !lit I I(.il) 14\'I

lhonk; it canc upet silown iiiii tit sintis iltt Theil'~llit vmiici 4411'

Will ~ ~ ~ ~ ~ ~ ~ llfl sheil' along ts iii'(.ci oliot'k wi it n amleutiI.(iA rT rlFOsc.5

Pitt tiisteadvAlov p'ohl'ninity li tit'ttu'dtii'ett I (t'i'f. Ee n tary wae. Fit its a i I' i mt w ltsifivi 'Iitnt hO--\1

Tht'le \'ovti-io iss itr'liustes ratt nt'dI in skt'iiol cl c //T

el)W v o lvr ngmtron. wave s'nI ls, il( lit tit'fjtit'l iz ll li atlld %IlX liit  Ttil t-1,111N1ltC

A u simian frw a te itnc ountern cad - hou -rttis h own Iit sciij4 ' il4litticai v frji ii i' on1111t '44' co '4etiot t o' f i vliarit14op 4 i r oitý t1
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t Itldilial. Int the secondtt ease thle itt'olittitassbiltit .N 'onitidaont

div a ftO requires that ill(' velocit.N a~ atiatilte wave vector A-
lhe perpetuldie i ltar that at is,

A', a 4 A',r-i h: p- -t (2)

Tlii 1 tie olt- je tit % wav es tare t ,1 lilta5irial ([ ha ive t lie

(eli a race t e of at sheariinig moi)t iona ( See sketc 0lw(h ill tlie( aItis-
Ctissio taile % lil~ t%-(e beell referred to its " shiteart Witvas."

Geometric reexamination of prior results. The shtrock-
alt erlae tiola ptiovess for at sina gle slivii'ai wVave is gi velt t(11tat!iti Shoc

tat tI velY ill refereitee 2. btit t thie restilts arae formit I titateI ii I t wo

aI hui nII Ilsia 1Its. It will be Iiaevessaillv to re('xamttlile Owli probhlemt
"gao iltttlrit iii Iv ill orader tiliiit tIti' lest iltt I tral%- b e revtXprse X3it5i'

alt thbree diiltilitlstolts.

A lpt'iIee t i yeview of thle Ilittitild sheoar w atve ill like la'w

X 1>. fý , '. r artVdilllltv s e vs tetat is sto wit ill figulre I . Tile port (ion

of thle she'ar wvaive sbwlata is oill the toloitstreaiktl side of tille
shoc'k frontit. IIwhith is ( 'tidetifie I'1wit Iit li',I2 i~jl)Ilttlit. A plan11e

pliassed I t h to aigl tilt, t1-tdXis Pa'r)Vlteaiclie tlatrta t it e, wav~e trotat s
ctilt the shtock ia thte hite Or. At at giveni il-antlt (at t imle

this r, Xa -p)alle ii' 'itlt'5f01ds prt'( st'lv to what is tat I e thle Vi ati it 1: 2. P'raaji-a't NtVit-%% tt ~ a ~aia rt-data ha ati rt ft-rt a. t fraaatt

xr. y-jtlttie ila refereitce 2. The anagle p af thte x, i-;altaie with
lite ltoaizoaittal is thaean tial' thirdi t'ttdiatiia iatt ll at NSlealit (at re[)laatillg J.!/ lhY JI."f leslpt'tiv('l.V . The resaltls of hie

tlili~ldrieald coorailiatat is. .taasoatt alt fla'n~vi'la iat tilt' fallttwillg Seatioals with tili'

Iat retere'ia'e 2 thit' t imeta wits. t'litttitattad fromt the t'ttanaut oats tlistiritatitit's rt'tXIpli55t'I u i iatidittttielionail fatriat ttataalditag

b v a itt plo'. ii tg at fiat itti of it'fereniite ttlOVlavl W\itllI at veooei t V to the i eli' tl tttt

a am0WIt ara atoi- h tht tle shtock front. at lu a so-c'a~lled st eait v-flow ?1,r 11 ' W-C ('(tlt (ataa' t-s iio 'oi pert illbatt itt ctritictual spt'ed

fratatte atf IT ferelitt. In athtett pritst'tit palper ait Irt'sauls rtefer of 50ul a it Ia*

an at alefittite inistanat of t jatti' t=0t. I'riats. ittotiatti of Oliw it ltt*s'llri' perturbttiltiota nteatla statit it' ~ lr

at ft 'aaiva'a fratln t lat '11vs 1tat part, a l at ilt ' th res~lt" of tsttilla' e'atrlier . p ii 'IsitY peatuirbatttitoa nii at t eata lasilt

ptape .1t'l 1- oUi v e(r'a' toat lit presena t tootia n a atte svstll oil~ pl T-lt ~j('Tt 'r i tajett Ttat IMta t ta I in a'a at ('1 ena ite t Ire
Ilt aidditiona, there'a(' re tatlier itluoitr respects Pti wltuala the
a ottat it la itats I tea a mtod ifIi ed froma thItal of areftertence 2: for

a Xatrltt )1 a, tlike' a v alit' t'Xpat'VStd ittl'l njae format

1Initial shear wave initial turbulence). -A time f=tt,
ha' vi'haaitv fieldl otf ite( i1tatjild slialti waive as. trt C01lditatcal

a'taaaillat its,

(/I/ -4 /v"'!~

Shock paane cia/ " a :)

-~~r -.I ( /Z ',

witt' e f/oa is parat Ilel tot t (Itti gialit t iail di rec tiotn), ir, is prtrillel
tot r. tat dn (bIs lterpei'iiii'iltti to I' kitnd J-, itl thle dijrection of

--- --- X? iltarellsilag tp (sea' figs. I anld 2). 'PTt' wave-atitnlter vec-

Sha aetott A- lii's itt Ol t .' r' -tlatittt. mtaikinag tin angle 6, withI the' r-

A efrcte sha-entropy wave f- inal turbulence and
entropy spottiness). --The( vi'locitY field otf thte refracted

U ~slielit' waive (fig. :) is

Fia~a Ha; 1. ttarpetiva''le view oaf sheaar wave in rlti'tti itoti refereito' tat timtn -- I0, wlu'etaA' is te lie ~w wilve-ntlliter vector, maiking

framte. till anagle 0' with tlte r-axis. Tite, radial components of A-'
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and k are equal (C 4-,, and the furt her depentletieti of Transformation to Cartesian coordinates. - Expr's~sioiis
V o)I is ex'~pressedl thrwough tille depen del tee of 6' otl 6 . ftor tilt' velot'it v fiel d ill ( 'arkit esi a i tort ifill at ts will n't, niedile

;imtilarlv, (ftie tomiiplex aninp1 ifit'a t jo factors X aniiu Y die- 'l'h e triansformatiotn fro im cviillditteti ttt it lii laltes' is ttt'' '

pend oii1 k itt termis of 0. Expression s fori N. )"* at id 0' are liv Inca 115 of thle tel at jot i
given ill appendlix A. d,4 o ,Z il'

The pert tirha t ion presstir Ic lj' w~ill b~e zeroi licat Ise thIiis is /Z,,. - /Z, Sil 1/z, vsil
again a shear wave, free of accelera Itiois. Thet I emperatnIlt' /i /,5i o

pert urbation associtited witht the conipaniiiti etitropv wave whe,'' prilnies refiracted shearl waIveý or douileh pItlino'
(fig. :1) will bie ( ~sounid wave) mlikv he itiser-tedthroi t'oilioiil at, 11ceild.

(17-cl/''' (K' 7' (17,( The t ratisfortuiitatiteol t ill

W*ith j/p'=0( (to tilie firtst o riler), tlthe dIimnc sionldess detisi t ,y shiqir 0U 1).~z ht ~( I

pert titrha tot i p' will lhe j list I lhe itega t i ye of t lie d tine[iisiontless
temlperatuire pert urhat loll T', a('t'tdi'lig, to (t(li linlearized ( a'dv' '.were the val 1ties of X
equ ation oi(f state. Thle frit omtf thle fiit tot jti 7' is gi velii il for (I -r ?I 1..i' art', rvslicit ix v y, 1
appendix A. Filial 1 44 I-X Z

Aside froml tilie cli at Ige ill va ve i lid illait iolI i thle d esc Ii ptiott 10) e
of tie refrac-tei' si Ia i-c lit mu wave itlil t' rtns of Ilhe in it jul 1dx! -- )',/, vo. 'r //, sil
sh iear W~iv ie dlepet ids en t irely titi thle a tupl if icahotio fact ot's X
anld Y and thle funic t iol it7'. Sodel ftt to' jolts pill 'v Ia irle dl!, -~ )"di, siti /Z, .v

simnilar' to the "t ransfer futwictotis" of tilie thliorv tof servo-
tilecfl iatisinls (ref. 1t). itrid it itppeans itppropriate to ('arild"-1""' ivv il ale f4"

Generated sound wave ( .noise field). -The shear-entrop *y [14 jo x~~ d". t'r'ti''ilis ''

wave tdtwnst ream of tilie shioc-k is a'-onipjalhied byv a phittit' Sottiitld
irrot at itixal p~ressure' wave (soundt watve) oif differen t inl- I ~Z- T dZ, -os j

clritation (si't fig. 3., For smnall imit'inations; 0 of thle itnitial 1
Aletar wave. this IprtssuirV Wave attelittates, eXpt)Iictitiidlv with 4Ie: -- T (14 silt i r
distatice fromt the shock; for iti('liatiitots. greater thln al SPECTRAL ANALYSIS OF RANDIOM FIELD)S
tertain crit itith vatitit 6- (see tippentlix A), (t l(' press~iii' witvte

ts uniat tennawted. Fit' rt'i~i tic wa vi incthu at io, 01, t - Thle fot'egOi ig tel at ionIs will lit lit te t' awIt i io it spv'( 'I ta

sp()nlls to thle attaitimietit of soliii speet l ti let lileati flowv iitiilsis tif tile fiv'htl tf 11bilrltlt'ive antdItiloise. Aiiprttlriatt'
hehitnd the' "equividetnt tobliqutie sliot'k' reftertrtet to ill thie itltlalt~t'vl tt'chirliitpis c-anl be foliitll ill Owt spt't'I rall lh'ot'

(lutalitative (lis'tisslion. tof nallilom fliiiittiotis; suiitabhle tevlt't'pitit'iits of Illhis sort alilt
The v('ltti tv f ielh Ita i lie rejprt'sv'lti't in) tilt, forim g~Il x bt'til for t'xalnilple. Nhity a (re'tf. 10t) a1114 Bii t'All'lit (1-44 .

12) for spitialllY htiniigt'titous fieltds. 'lThe first part1 tif dwI

dt',-t~ij' di (Ii) sout' hibt'rtits) tof rele'vant Paiis oftilt lt wo palpt'rs I lie lilt tt'i-

(b '=jZ,,1'- dt ields aitt for ctlrt'laitiiiii of a1 two-i11litiitisiil litlield N0 it

,whe re V is thIe wit 't-i i ntit' i vi'tor riii' aitkinig all angIv i'B" Shor-entropy

With ItIll' r-lx is: itgali i tile tradil utl iptlleniti tIi t atetlle th' iat o~f 1k Entropy- wave

k ; namely A'-=,. Thte sottod-wayt' anigle 0"' and the -

traiisfe t fti netiotis x 11114 T are spet'tii et ftti et itoils of I Itt
sltear-xvavt aligde 0; moreover, for 0•ý0<0_, x winl T atIT' Fla.- ~ \w ';~t

fn nct iotis of _r, shiow in I ltll exponnilt iail lt't'a v to4 zero its -

The pressutre prt'Iturhatii iton ma he wrt ttell

who're P JP(xi) is a transfer filnit loll defined ili appettldix A;-
like x and T. P' dt'cavs exponientially u-ith r for W0•<0_, I *t shear
Thet corretspondinlg detisit 'y and te'mperaituire peltutrbait ionls I ~ oevelocity- -Soutnd wave

are proport iotal to p''"; t hey may' he ohtained fromt th lIe
isentropic propert y of the sot111( wave ats j"p''- " '/-1 anidShc

r''p''y lF.jitt Rp. 3. Iii pramimtiti ttt tivar N aivt w~ithI slittk: view iii ri-, r-plaoic.
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Amplitude spectra. ( 'onsidet' at threet-dlimiensionail fit'ld Pilae ilt~lie %%It%*(,.,

ofC Small d ist iturbane (e. g., Iorbtille I e of. Il10154) ofliniffii lt'ed

extent. Let t his field be hloioogeneotis ill tilie senlse HIM b till, ) ~ lajd

sltatist ical propertites do0 101 Varv fronti p)oint to pioint. h

iinsttaiitllfi'is spatial (it ribut i'illli of allyv ilivsn'al qoail11titY a Wheie aXij is : l ot ion of 4%'In /k14 ~I, il t abhrt'vilit ion l

**'iis-SelThel tIittisitv lit'i 11111YC. Iv rl arlt n it-y

silion ofn infititel mioii ofl lilth corltttiel 1111t's. Ill flit',11)

pipoilt'llt ofll wzv 11akt'bo beilel k11 vit's i. folw fI. tTtlv

itielinitioti iiii w vel g t usapti' u igt'git of) (12i' funttl itn itl HIts ca lldtt'Iiltl- ts dell itv Min l oii .it IAll
jilt~~~~ v ae ih i otbeti iiiltt faipi "e titg titlg cr lt'-setri it li V %l~' -11 lillsS. (it'I (l'TilL lt'I It.iliobti 1

fi' ti ll-. ) tr ip tintegrly. agoes 'g efr n li st'o a in ell i'ool .lilt 't Spectral qlJit it Slt't' It'llifld b al \l~l( id J a

potW i ¶t' t'a 1z" k. A.,~it5ti I .iilie tol iii1 Iln 411 fi'tI(f 'i 'p 1 t1t's orltin setu in' ters ofe am liudpecin elo " (1 itra

i'tui'ov sot itiss, t o'buo~iie. iml titise t'Oisttlit'5Of jlt\ f' ldt5 lttiit is t i nti l~ I tx itesse Ilt's itt I t", t(if Tlit

5I'Jelti't tiC.. is 2 l is't fix ~ed inI)' orl

solely~~~~~cor poiil" torl. of Ist'l lilt't \vai~ vorv'eol a'gs IiiI5114 i, 'lg' ii'44'iiitI (' .. ief

a itttl(3 ~re tatonur~'rutooir fuiwtiztsof ~t)ititil hu is illlilt,' cl' It) tll' vt tllt'o s vitt' Itll) it lo i htt N. 1 itigs sta
tilt'~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~~EIii ions ttllii' 1:)lt) in'c7i~ilxltuig'ioi.x~vxlil elsudtes ntiii titl slit't ~'a. 1 litsl Iti 11-ittt' ]fitt

Ithen blti ftl~llaris.1 Wthlt It'' DItI0i ''''i t(1),''li h1(11)11 he idenIt'ified tI s te 'iitgs ii he 't'''it11 51ttl lt' hiit

Coretion and pniliN.1111vowe suhpectra Te t't't ss-ut I 'ltlath inte

inc( lina t'on an or v le n gvithsapp' t''eqr . A 12i m ax'a l it' of 'vo- ;I(( aII t h dA' --l deISHY (k ill i(k) (;1,w )

:iivwa e. Nih2 s ia ledsrbu inof.1'.tte lf;n e eg d n Y p r(1113t.s o 2i lZNO Im lel1 o



aniil 'Xsis of tilt' prest'ilt piaperl. Its signiltilo'iitt is I his- 11 lie W illt .i. TisIi ., MiS llet lltiishil't 1)i% fre't-zting 1zd/ r Ill

siiigle-wavv anlalvsis (simitkintmA iztl iialt earlier ect'iowi pro- vtilatitjolt 171 itt tilt- valti' tl/*(VA. wi lell allowing / 14 ;1,

w~ave illillt h fountl t/,~ 't!(/Z. X. sitt*tlan simiilitrl '. i//"I 4tIA, eut'iitloll (is)

Iii hecoirresponintig c'IlIlg' ~iill the i'petrall delt'silix.: [twI j('O'j. fivi'tk eq ath illtic (2111 rt'atk

I SHOMNOC EllFOVS' FIPFLO))

TI'l 'Se ' sp c ralII' t~l re ree t at itt (If il SJ tiltil k IY It 11it tgt' iit'ti
rzinltiloill field is grixen liv t'qtlaltiol ( 12): wloert Ile -- (Ove'r 1tr31 si-nifivi' lit'. fullti ttitl de~tI f mi

.1 an 141 Upontil ltlil n oc ltol 9 111Jl-lyiF7
fie'ld isII 

,42

e'll li oil (211 ovrtix'

tvhe shoc d . io f th'i'its tot p sirt jim: lie' Solililng spect t rlljlI (A-. _______I_______(k.

M o :e tad" 1.1 valinti (r of hlt' v j iit I III , f'it'elds lji'iitv t e u i- i ro e l, ftil 41141)11

Let a1x an 0ITr' J' inimok1011 fieldsl'

-~ ' t vl/ 3(',x'1I lS~ l'diit.,het itiit (22 ath f2W Cilt Ilbitrlttiixt.itttislitlil0 . ii t

_________ IVA_______________x _____ 5t' l ati1I'. itsiý (22) itstll 12 li'ir f .'il' t ittli Il I

(atiefrmElTiII th ir coliter-l)iMEN si Al. IEIl) WITH( T~i) 11;- I"

* xl)for '' ~A (e.g., l ivtX'(%, t oi.r h oll mot eltwit s it'ltl . Ioll til 't, l litnl il ittil
-%ir -yail H-t -s (24( iserat rewt If enill tue fo),

ji -rittio y iiiofi i~~ p(k-Ailk' l Now if. ii in, vs -b 1 k/'s i slf flixed ti i of p s tiolll and~ e w i14atio nt'i'al

izt'd vto aal be ltre-irt'sina fiel (4'lull'llitr the~t illimlit'iver'
i~oftl(ili p1)1 ro'd 1)uct'ttii tttl'se't'l ttovtiC k') hat uiitt'it' the orii gtinal tltt iifll0')deend..;onil tilt 11114 it



Sf~itK-f f(*tlt'l.'2Nrlk, I NTER.1 "It INI) AND ME IJ1 £N EV tINI(I (W NISVf

w~rit fI

Equation11 (25) is of tilte forlfl of it tilfe(-dijllit'llij(I alfi 1011101- p lc lio fvy a H lII.)% vd

ftItit eld land tiia.N he tIsed ini plawe of (24) ill equal ulls od' I' i/V X - I'/ 'I I

di~llietlsol~lhll hiltfltogefleivoIs lieid IllI (Ile (olliflloll planeI X1J1

SOKINTERACTION OF SPECTRUMOF HER AES 'iot'atIh'tt're xuoo tztfidigilinin

STURBULENCE (of the' spet'lwo ft'nsit of [Ii'I, (iiallll'ol op~po'll'

'I'lle itlteraeitchf (if at ,inKgIv sheifl %%ilve with it shoc'k lils (ftlsok

hetti~~~~~~~~~~~~~~~ *sein'i. 'iitlla-t'ili.hesa t fl Noise field. If 'eo olwrni iflhlhiff t lo ii- .. I lw11-1

bi'iffviol' of at spectrum of Sileffl' wfhvt's f'tpre'senI gt i ll" iorbl- S,Iet't I(ale fjjli ehlt'l tot A'4ILaliolt 1111-1.4 I I Iihli

tilt, "jq)(.0'tl'll-ImalfhV is i't'alt ion5. of thel 11)1 5't se tionl. ThieI \

ploidefli iS~~~~~I f a'tiuledattas followNs: ivvill tie spuet ff1- (1111(1 :1'':'~ I r-t~ fl! I

fioniv t --valit' lt'tls lan I'l'ft'llfntiI.till. r Zulu flte'fhll-sovllift'd A %lh llf' elo ftl lls'gl 'itl uiiiifi' itk t i ti

assot'ifltt-tI W~itil th f t' i lfl'b hlit'ltt' t'lltfop'(I x spottitl~less. atlld ltildInlfl sJtltf1 ii i f Ow 11111 i fit-hi lilc aIizlo
Wakse ill titl' 110%% tlttWIlstreatii otf til Sihoc(k. i llt' shock . 2

DIAC~ON AL TERMS OIF VELOCITY SPEC'TRU'M TENNOR MIEAN-SOU4,1HE I E1.tlt1lY C0tIP0t% E%fS

Ili' l"p'ecixvi spee'tfifllt tt'lsol's fall. tihe ttlf'billefive lldt'(11 Turbulence field. Ti:' llcmilisyiiifl cottt~ fllfip l'itl

I Ike v ltend to tilt' Iifaitaf s(Iuflf't5 tof tile- vt'locit v 'IlItl'ls..

Willt t'tiit- si t iv Sof pie ite h Afli t fI land i ' Il(~ 11111-4 wil be'f vallJ .\' tout Ill

I., vi'lftfit' oi(ft ill uppl)lttfiiX 11 Iii a 2 llotrel ftot'ffffll Jpl'(4't'itff'. Ir- 4- rI?11 ( l 11k

Turbulence field. 'Ph shi uk illtenictat' t 011 elhc s t it\(

rt'sDtoildig f'ebitiollfs letwevtl 5lect'lt'l dtlsllit ivs (elell111elits) tit' sioc~k. till' SillgIt-Wft Al' Itilfisfel. fllolviil~lý X ;n 0111 . :1111,

oilt he if o side s (.f 1 eqft Ills la~t i y t lti e of oIlhlt' t(ttjolfgltI'. Ile )1)~t l iX m sp-tIIldnAI\.11o ti iiil ilblvl~.

Ivf Note gt'lmt' XV mid~ Y1) ii32til- fA ilIII f (e

4/, > 4/. ll to ll isvIf ~ iel t//i J111ipflf
Willlidd tilt his Iwol th r e lil Nois' il field. S l lt i hi' . ,r f llf t -i t l oll of A'it i''l tS l lf 0.)

.1' id th-lelis ilr voctv v lioiil l

r-t T~ 8' li' 1 i t "A



t 3ijlU %RE Pi t - kv1 il `1 ,11 11 ,folO l .141

lit'Ill~ ~ ~ ~ ~ ~ ~ ~ ~~~~~fl If-1111111wli-1 ihIl, 1114 f "il1111 j

I I 1ý I I Thr i, -, t - 11-1 11 1 -m II%tr ~ f I 11. oITTVasf lII

; tI~~ill Is. w id IPI If, 1ull llt 414 41'. %I t far llI~ Ito- Jmlul till'li

1'r,' M'ir--- I'lrlIl i1411 1111 iii,' !p11 llEt fivl lf111 itlIll. sil-1 t

Milli4 f-I'll ill.- imth idv1' 'it**' I i4-, i o iutlips f

-.-1 4111-. lit 11'4'll al)) ill',iii'f II iliH'ltt" t

I" l11 l-l"]Illr. t( I'. 114 I li ofN ot" If- II- 2. 1'~ ' p) 7.fo

II"" 11111 14 lIl' tq till I iEll~i i jll''t lii 'li 1411ovlir' rl'll o If Illtit- 181'1116\1 Iln-ii Il til' kisllIidlVt Ill1 Ilf4. - i s lill 11A

I'll, Hlla~ll I S NIf JIIITof If II' i l- of .. '1B111011 K.3 xN ifI' 14 S . - .' Iilte 'iii I Iij '' 111. j I- Iq vI. n-11 I' lot, 'f

Atem t aot 1-1mpvlitication. If t-4 i ll' Jwl r;11.'lsi [,111;.v vr.lfl4 if~ i lfs oiinw'. 11111 f lmtilia 4'*151 i -;III-o

I lit i t .ri 114'Ii 1I'. ll' 11111 lc, all4' I Is#- ttl' i t Ilif lo.I'q t11i41 lI'fhl1 .'-i'I'tn .ii'£ i t ;I k 'l i Itil'. 1111Ef411



SHttCK-l'URlzatLEN(E INTFER-ACT"ION AND) 'THE GENERtATIlON (W Nt ,ll~ MS

of t he t'oori'tI111tet aLXt"'S sat v ',i. III the formaer c~ase. 4--tI~

b ecomeslt' k i mid I athe exponaenatial cali Ibcae p-itt cet I lv I.,
kiý, sincet thte itialgit~arav sinle comovin llret wall iaitt(gaatte (alitt.

S -V -- 1 (111 h rphced1)cll'I�Th a-oa'aehltiaat 11111 lae ftaa'aattd ats tll(. etasa'talalb ('ix ''a4 f

Cross .-correlations. -'[Ia 1nitsti n gles aof twtim-e I the prdut I tt ' 4

Foar cx aa ple, th c t'toarartlaltion of' local (emt pe r'a t ta re with 141J__ (I

ola-ti t udtl anl Ve('10(1v Itn that en t r'(ap ~a id t u l a a alena'e fietld s
atlaiattl dat shotk is aeadtilv otalttindiatst wlaen' at'it(bar itlaas lh'4'a take'ti iasidt' lilt. irtot'l-a'a. ;illvotilt-14

oper'aaltionls tat at voniagal" mid ti lalaegaat ittattllaa t''. I'th. tqat loll

L,~ itr\*(y ~ IA (7 taitll( thae fiast tof t~itatitittiis A4 tim. boa It'ltst'l 11, ý.Ilatpalt\

J~I( ~ 11 ~Uthe' aiglat sidt':

e6 - 6', 1 It Il I~ 4IZ'(k'd(ZA-k) A¶IiIk d'kIL ) '-12

Theiltel~lid exep fo il( exolental, s eenIIIth witeta' V'' lbtats t lsirltt 'alm a.,1tla 1aa It i's A'' tloot, t''I'. P
'P~t' ittgr'rtd et'tl~ ot'tla' 'xltalatttil a t''t'a aa ta I irtte ta'of t'qtatital (2M). et'mttata141 (42) rlt'eth't faatlat't'r 144

wavt' irlciatatitat 6; tlat I'V p IttisaagltS 61 arid 6Tr (ira thit naotatiota

a a 541 ) at are od((1 I in 6 ( Itot It I t 1 ) a'i')v t i vs'5 ('tit I I wt il I tlt(I lar'ed foi I ( I Iat'A A

syi'a ittat' i of thet wttv'-aefr'ate titl pa'ocess With re 'tspetct to 6 (. t/('t/,k *~./)A[U( oA-k'A~A
At't'oa'aittlw. thte iittiaaVSiatt tt'a'at itt (Ilat t'xpjloraaitial w~ill i a'fed at aatgittis tls tltitt4tIIsiii 4(

illit-~r'atea t(ott. 11a14t A

lito ettuaationl (41 1 midtt iatt'a'atition otver A- artsutlt ill

T7_(0)_ JTX' t'O 7.--)lI I Ilk (401) u('p(" '~O(0\)*I() iI 4

Thea 'aar'aespomat ilag rein lions fila. other't a'aaass.-t'aaaa'tlat its calla Jfusilto' (' It( t't c ion t'imirtlifttats till vzliltes tt, A biltl X' :11111
l~'i itIett~~' tvaxa~tg'.simailara'l atll ialatt's of A'' ))it k. FiikIi- vplil l

(t)IIRELATIt)NS BETWEEN TtTRUILLEN('E AND NOISE '~A'. I'jalltIteqatiatlav

Cross-'tar't'Iitioats bettwteten tiat' tia'htiltele'1at1t 1 a l attist' fitelds he elt lt'tar'lialg ttakpl 'ttoitoll(23 altiatll lit Iott ti'Ilss-ittlt 1, P44' atgsl

,' 'loire 21 speva' ~Ittre 'ta tat a'ttt patrat ly I t'' a st taf tiat', 011101 at t- I -*~~PA;a )(' " nIaiag Idmt t itap' I-

VVglt't ai of the Inoise fieldt . taItt! 1)arlt iv 1 at' a lsi' of tilt' loltl- .11 -
palil'lelalisltt ofithe ptlavs~it'ttllv ialte Ai'Vat\'a. fi wa Eqaation tt3t istonrl J'infrilvtopi

fo tltlaws. talt aex preassin atfor'i at'o corrtelt'atio)n of nottise' pressure 't
witha lotaatituatiltil Ituimlltltnt velot'it v will bt, tft'aivt'tl. Froml 'ai'aa tr t ia~i titi altitrt~'t4t 'wtf ah,

tlt ' rs t tarat tiof ath at,Iit ak will be4 inf~ra ''a'd. t'tltstittitt's atil aa pttsltt'.itat d(1tllt'titris ll ra ott f tlat iltajtplitt-'

tlalCiraatIkti~lts (figl. 3 0. AS ait ttaseqItat'rtet. t tat fotratttl atpplat'a- ia'tl r'~''
lioan of tiae rea'ctionas laiten alt thet sectt ion SPECTR'IAL t a'txt''stitsltIii' t

ANALYSIS OF RANDOMI FIELDS le'adts to tliflittilt~v iaathe (J. ik' - k;11 XYA')I'k_ 4'(atjýA 44i
s pect~raa denisi t i' vof aati ' 'atlit 't a tipe o appairas I() valraish tat'rd ' it I - -*1__

aig to t 'tutat ti lat (21). At'tta aili , t Itit' ft alllit tlt talrte i ati 1)1)1itti- Dsiriet' a' ~ '~ 't ' 5Ii414'k. J-;ý Izt)aad Ithe

will hi' Ibrouagh t na at t'ltat ak In ri tlt'(a o. agtit'ii o a faloigdrvto ft'l t11'i(It otsit ftor IIp if'sof 't,(I t'a'; . n 1bittee ititg'ld t 1 tonaoa a taltlishlylat
applic able foa'a a lias. For' 51111pI i(it * v Ithe lder'ivaatio wit Wll bet 0 (re it ft' witlt aeot aind Behtit' t l' in 't .li(, shoat ctk Vltnliia
lim tite ito I w t catI orrel''ation of t ura'l tt aleta 10lai tt Iidi antI i't'lta tIt 'Itvt t 1 ~tilttts ia si tl\ oI iieIwti
It' tit ptoint .r' with Itnoiste pre'ssure't [p" tit pinlirt r";' extenlsionls L_~ltIt tIat'il s'sattinh ik'to Aiiet
ato la'ar case., tart, sti aaaigla forivaa aa . TIe at't ri valt muiv Will firast ( ' is at conrstant.ra Ftor xi'Vary stuaill . tI'( 'osaine is tit a r unllt-I
tat tcarrtitetd out atas t I oliglt th lt aoist' fieltd weret' Imologt'la'oias OVertit'l miiatnip fk(h ip ol hc 0I1>

(no Var itp1Iotatio o t' tanse' ra I' tof l t wit'tt'tthl i) talat ngthaen itl. l 'l'IIt olltIltaIla itys ga~vtIa l sl' tsaa

a~~~~~~~~~~~~~ '(x'?fe' (''ZA)-'e A''Z(t t itit'seOi ota tiltl( tIt(- t'taarela I ionl fatlls oIIf ntiotaeabih. Finailly.
-J " J ~ ~ ' lit v'ery large' dist lancets, cos ('Axr oscillaites over a greatt

6 tauwoaver, etq. (431) Is efllalent 'to 4 that which wtould' raeott fromt eIt. (1:t1 or (22) upon04 repaciatilt the loressurt wave b lo' a titslt "tqltivttt'it shear wavt parallet to the actual shear wave, ms

,tiscumteti In rel. A,
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man ' period s as k- coviers its un lp r illit ranlge, Ilid Ut It phi ills I I it- o sP~oidiiI1 ig tdtieiiti tf t-q iiat ioni (4 X) is

andI mitiius con tribu tionis to the in te(giald cancti eatcI othe tr;
thus at these large distances behinld the shock tilt, nise- ,; - FPA IV-I -2j (;

turbiulelnce, correlation falls to( zero. ''IiThs tilet tei'ilsol em tiitils (1) and it' h ave thle santle filitt ot jial

INTERACTION OF TURBULENCE WITH AN OBLIQUE SHOCK N.11il, reflect ittg till. isotrtiopic- lproIprtiN of iliviaIianct- milder
i 4 tat ioii of coo idhiiates'. T iiis part itcula r example of the

All the foregoing anialysis may h~e appliedi to all oblique lidllt- aplt oistrpituiblitestnvjl

shock by treatflw the lat terl as it no0r,1al1 shock with a sutle-u- i httlersl ol at ei rttcidlvtiialai-

plosed cross-velocityN which is to hea igniored . lThe coord inialteC wth i ti'tiis Ofi'tntifnnt1)1tt iiltii.~vc-

systeml shiould he orieiteted so that th iti r-axis is iotoia I iheless. it illuistraitets thiet formal aIpl)it-at itot of th Itt raits-
thie oblique-shock fromt (on t he (lowlist ream sidle), antd thle formlat ion arid. ill iiddit iou. serves its, a cite'lk oit tble first tif
X.2- an ml.I 3-a xes lie ill the shock frorit w ui th thle x3-ax is iii thet 'jta t t 4)i *ieifi gtIerqUie i rail'

plaite of thev streamii-velocit , vector and the xr-ixis. 'Ule
component oftestream Vlctilth .r'-directionl is theI CALCULATIONS

1-velocity vof the equlivalenit nor'mal shot-k. Firom hent' oil w
N tilli(rit-il I t'i t tli t t)itSl iii h ve' be l cititiarried outil fotr toi w

thet atnalyisis for thi'l normal-shock cast' may1 hi' appllied.
On I im i-il ,v thite t urirhletice spect'trum t ('Usor. Will bet deilch ii't in ) wi ciitrind' t i l iiti iceiii iv. A ii o lt li aok is of t )il t-) IS

(ist., .b: say, ) ill a sy, steml .;r X .', 4, Witlli thll J.r-axis alint-tI troic I c2)se foiilv lowsvlnti. The mrcopiatedi arn tof tlillt' is
w i t'l st reall diricct ion, alti it will be nt't'tssa ,rv to t ransforni t vas p~it' ciit'i follws Tit',s aittr'-uip t i i is viiiam talojInilx tc.

,Dto thet' itt' Si VtvIntXI Xý, J., If tih' shock thigh' o~f thei aead i l i it'ts uui hir'ir'l'titu~liiii

oblnique shock is 4,. thet primedi anld uilpnitliett axtes anvrelatettd't MPAN-SQUARE VELOCITY COMPONENTS IN' TrURBUILENCE FIELDI

is the COSW()F I~l! ~a iid dowi istriea in (primt-(d I) mcii i squtarei s iarit

r S ill~s r,2=( r-(52) a,

.1. r, o~ 
'i = 1'0i(t

15)

tiransfoinmat ion is etretft' tt b\ till' forinula JtO

~,. rrA ~(46) rihe first of thlese' is j us tvqutat ioui (14) wit Ii a- 11: t~lti last t wo
iresult front sihst it litiiig- iit~o equnt ituis (31 I thle t-xpi-tssioiis

whiere' thet repe~tatedl indict-s ittand ./ are to Ib' summedi-t otver. fol. VJ
2 and I firomt appenidix A. So fial thit eqilit itits

Tb tle diag"onal terni s rit the resiil t are r-la til i-el sinple I)1 1ti'10t tttIspial".'Ito1 t O( i ti Iitbiiiit.

4it = ~ ii#~4 3 COS24,-i ,Cs4 4 -~ ~ inti'iiiltii 'ilt-uce is isot ropic' (i. v'., hits sphtericatl

= 1 symmetry), its loitgituti,(itii spectratl tdiisitY [11111!thas tilt-

'~'.2'lIi os2,-I- 3 sii ,~ ill , ~~ ~±~i (47) gi-eral fo'rmi (v'. g.. re'f. I 2. eq.I (3.4.12))

'Ili toodiia etrnstnntttio wicelv Fgit- (n i whieire F(k) is ail arilitral fiiict imu of k-. (F(k) Will tilti-
into 4),. may *b e illuist rated( miost siml iy vy 1,vChioosing (1: to maeii11(1 u ilfrirto.)I saporae
-orre-spoind tistoi ilbivleiltht (-as(-, (D , matl tle t'mcloli oiotgia ls)Iti llrpit

tor(e g.,t ref.l i12il-ct)nta :,ht ht thenl, to go ov-eri to a formn of spbelicai(il p~olair (-otodiiiates:

,V ()('!,A.k)(48) 4A- sinll

Subst itult ion into the first of ethratimis (47) yields 6)-A tO
A' = A ('its 6 Siitl

4),1 1 F(k') [(V`k•2 `-) sin' 4,(7A~)Cos 2 4+2kA•k sinl 4, cos ýj dk =k' c's 6 dlk 1 dio (1
=F(k') k+ (k3 sin J, +k,' cos ik)2j (49)

I th' .~j' * A A' A"Equatioits (.52) till( (531) may niow be writ tenl

of the wvave-mnumber vtector in flt'e primt'tl coordinate sYsteml; ,'=i- A)d-d( o 3  6(7
the~se are relatedi to thle 'omnpone'nts k,, A-2, A-, in thle imllrimetiJ Jd

systemt pre-cistly as x, x', r' lare reltedttt to X1i, X2, X3 i 'lll-
tions (45). As a conisequence-, -quationi (49) (-atn he readlilY -`=f (A-,k) (14.dio 2 -'O6 cos 8 (18 (58)
Shiown to redutc(e to iJl o

4il=F(k) ik22±A-sJ (50) w-here the factoir of 2 miid the limit 7r/2 result from tile syni-



SHOCK-'TURBUTLENCE IVNTERAC'i'ON AND) TIHE GENEHAtION OF" NOISE I

mietrv ill 0. D~ivision of equation (58) by (57) yields, since li~t-II('ittl-sqltIIre balsis, Ure inl percent of strt'nii %-elociti
athead of the shock (thus ht' basis is thle sante ott hothi side,

COS36 d0 -=.. i3,Jo ~~~~~~of t he Shock);i the temiipera tur t't ain presstit t p'rt iniit ia oils

arte in percent. of amib jet t beh the i ~ shtoc k.'~ 'The vt'h nit V
11- j S! cO2 0os-6os 6 (1 (5) Curves refer solelY to the tulttmie(licet cotilpolivilt Ilie hvilt-

jpera t ii e ('it tle to tie elito ' %( -p eotiapot tetilt antd the t pressli nj
fit a rather similar fashion equnat ion (36) yields Curve to the noiose Comlponlelnt of thle field bheinid t lie shock.

-, The' Curtves show that isotrp~lic ttiile Ieis sottiewhlui

t.
2
'_j I"u (+f S 2SinO ti 1) ( t i'iiifot'nied iii ptissilt, thrioutgh ia shock, the longil ttliilul

oiiill( latteral compontents no lotnger being" equall: thle sceleciVe
where uise tias been miade of the itititl isorp **.* 7ý,,2 ~ ~ eletii w e,1111Itu e I wtI iio ie t

andlop fiatviiner windt-titliliel (cont Fact ious (4f. e. g., ref. 14. Ili inldition
iindfiual aisvmetr U lthiotighi the itcidenett flow Wats aissumed01 isot IlritInll alul ien

The transfer futnction S itt equaitionis (59) andl (60) is ii f oic lt oittleii bwpsesstl i t~ V5) t t s
Ilitasitre of t lie Itiu phitica t loll of a Sinlgle Spiect rid conllJol tel t xiit'ol is th folsroe ii l flotwv c psei I u tell liketli sptnlItiel tie.1

iil passing thItrough ithe shock : thle associa ted pbase a u1ghe is Thic is t'0i-te -(1iF Ittt'it tfozn cove te pt'ter ike 55 t he 11iii tlt e( live-

b, (not relevanlt fiere) . S, like thle other t rantsfer fuin' t iolis, is ('opv sptitl itiess. ill percenlt of ainluentit is seeti to lbt nott
at Comlplicattedl ftinct oll of 0 thlit dloes not letid itself to it.nil- niulic less, thanl teC root -luea li-sqtilalre ýv('clttt o tf Ilie ilit jill
hi ic jintegratioll. A numerical t abtulatijon of S anld 6, agaltistIe.i('tltsttiiii

0 sgvniltables I(c) to(k) frterespective Mac'h t' nuii rhi bilele, il pe--l tif fre. te lI' iit'ii't

hers' (if 1.10. 1.25. 1.3, 2.0. 2.5. :3.0. 4.0. 6.0. andit - these wIth the lholgitivdltli l 'lfrop, sotit'lit of isispt' iiiihtylciotrelateid

tabIles were u sedl fil 'onljuntit t oln with Inumeitr(ical jnt egratijot Wit t't'exlong'I't' i'ldifultl t lit' s -lit of~ . i the tilble it is toc1)1' v N

to evaluate equat ions (57) andt (58) . (S5 rteduces, to I for aill let'('t('tl t bet h ind thoetltjt wilcl soonl prcilet iot' is 1 vit'ddy
6 ut .11= 1.) intermnixinig its th lit ((ili hit ed fit'ltk Is 1- ate tt uivt't. ' dow il-

MEAN-SQUARE TEMPERATURE IN ENTROPY FIELD) stre'an froni Ilt'e shoc(k; this fitt(Plteilitig.- ht'itlig stecond otrdet,

nidervaionof7': -I' s pralel to tiat of ~71',t IT' Sl tis eglecttedt itt thle linear tlu'tuv. lDir'ctlY at diet shotck, ill(,rht's tierivultiot of(MA( is Corelte tit pthe , qulil-lltiot (53) beinj g repl acetd by\ equatia otn (36) . Thle 'esutil is ~ tsi ''I tw ei ~weI tIx t i o I ttlt
(Illialog tof eq. (359)): 'omlptonitelt of' thlit t ii rIitt'liet v-eloctitIv. Att'o Ititig, to i lt,

('artlie'r uIlt litilt ivt' examlinatltion. I towi'"Ct', thiis to trt'litt 01

~~ ~~'i"~~~~ faills off wit ditist atnce Iehit'nid1 th litsiio'-k, reatchiiigi zero far
2 Tj code ( 1 ;Il back.

TI it pect ith iz i unip ti the t cci ve oif toot -niiea i-squta re
The tratnsfer funct iont T attd thle associ(atedt phlase atligle oit ltsi''igaitist M ath tiuinbet just aibove .lI1=1 has

b6, (not r'elevantt lilt''t) art' tabulhated againist 6 iti tables I (tc) t'otiiiisatith'd spjit''il itttentiotn. ]itt ordert't to tlt'liteate thle

tUsed ill I lit' numtieri'al jiltetgra tion tof eqtuati onI (w ). Yol n t iose for' tlt, othe lit'' enIts) were n llilt, at'l Afý 1 .05 : tilth

MEAN-SQUARE PRESSITRE IN NOISE FIELDi im11.0. lit'st' w~tl't z1hll'ltttt t~ inti xll-iltai t'i~Ititl~v

Becaulse of thle simnjtlarit 'v of equatitnsl1 (:34) antt (316), th hit'tbihd hl hcle -lislk (.f ; t

nttanl-sqttart' prt'ssulre cati he wr'ittell tlowii 1)i1v illspcittjolt tf 16 Lo teroi velocityT

p"
2
= tt I~ os~6 VI (61 ILongitudinal velocity

TPhe integrat ion hats beent pe'rfor'mted liaittit'tictll V X with ( ISt' f Temperature _4Nose

of thle dlefinition tof P in t('rntn oIf 11 (appendlix A) itItII I lit' 4'

vdlit's, of 11 againist 6 tabulated inl tables I (a) Iti (it, appl'o- - -4

luriit e tox co . Thins, te iuitegral asetvaltiattd r'tfe'rs to thet'- -

iisvtilptotit' ilt'ftt-sqtiare pressure far behitid the 51ii('k. 0 2 3 4 5 6
Speed ratio, m

RESULTS AND DISCUSSION -J~ iA -A -_1 1. 25 1.5 2 2.5 3 4 6 Qw

The results of the Cal'ulattons of the preceding Sec'tion aret'ta ac ubr

shown inl figure 4 for Macli nlumbners of I to co; this figure 1.'tniu 4. tDistuirtnsitevs ;irtidtued bhtinid shiock 1) intitrarlion with
evaluiates the distitrbance field-both turbulence andI nloise-- isrtpcIitttti''. irihu ntntyti itesok (.pt'repnt. Hootol-ln'vat-stt( tare vvlot'it y int pe'rcet'' of initial st reamidownstream of a shock whlen isotropic turbulence is con- velocity ahteatd of shtotk: root-iunean-squiar'I teinpvrat tire andt tirvsure
vected inito the shock. The velocity perturbations, on a iii pe'rcent of ambietnt behtind shock.

Focr ftia c'irccumstanc's or nes. I ant %. nanilty. lonelituitinat compotxnent or initial turbulencte itatso0.1 percent at strenam veiui'lt~y, the dtiru,'sional i qant iii,' tiloliet ate m5followS in tirmts
o tihe nandimentilonat symbojls teet In the analysis: tongituitlnal velocity, percent initial streati velocity. 0. 0 lateral velocity. percent Initial stream v~'locity', 0U % V11,1,2 temperature.
1, reent ambient, 01.1 V mr'fs'; iressure. percent ambient. 0. 1 *m1P
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onitdia Teoit Tur~tnlence,
__L~gituinalveloitypercent

I~ Tuessur

Laea veoct 334 .1
Speederote,

SpedrpO.,

Tenito pahnner , lnriMacnme

enilierat tI t' and press resiI lereli fa bet

0 tttst fteritttdro h lstroit ot ~'ilt i
frm bve a~~rah n heliut n viite f eo.Te I ok een sitliistsoey i inlt gl iih~l 011p111 i

preis 4snpoi 5~~eSit 6S Soarleso lt lgtl i tit 11.Fi ~ok~ili 43'ttg 6i h ttrltnptei tef iteedptktt

shock:. F-igu tre ace 5 prep ured fro in salckula ntrationsd tried j w it T h )s is bsltglit' pit -r tel t j ttst' of (i u h~cttt' I*
appendixly a pplniiesri whriencsrogl Lonitudinal itnc ttlly, ele 0.. peeter-o~t r'sit lvli )411IIild'iltl i1

fCosento :lthera shock; the ss3 pecifijtiost bfore thck Hoturbidetice tesadrdrf'ew basc (If-wa~ ttl).%1 ~i'tlitrfrsyt
squre vaenlfomiyi teoreetOintica alsteamt ti eloe ift.e mooldifations leel ofn j al s t pit' I iswoictttt.....odii 0lt i

in nitially aisotropsicturbul eentat hfad asdtrogieig aarpbteewult ell l ll'iet''fr .riil
dampng srees an a ind- Ililie cotrac io (re. I. for ais-ivo Owc n -ci urhulctic of t14 hne lotingi 11141 itiold biii d Ietisi

f~ront above, appr 1.5).n The clmitinglate of zev tio fro. Th lioc dlferendse almotw't sllygiie 4h atoit s l'l ttr esoipot Is 4lit
psorpcise lnsy d oni iealizeds otdsion s n is ibalan oreg aties 4f theielsa lit' -cc [f itch timov.n hes (Im.5.:.ntdi

I ti ne tet sctin. I e lotigit 1(1 al 0111)0 1Q1 tt~f t lt' c hane ilfle t e( satera lit compoe nt ie tselft,41t~'s I t'k.Ncr (1wis di tl't'rIl

incident t. 1r 2"dence) is t1 im o'IltIitg e ia tl o the dev i)api ls f o fl fiisll 14' biS. , Iii fi re IS1 14 II ier144111) t' ti

0.1perentoffte'-s tem 1W(. u tG i'lit)a ctiolt l 1-pi (-ssu e ' anid qilie IsI io kis ct fo It Ile vx~tI a \is.% Fi illv 64111 .

whgtre 4.l l0espitte tltt' wighr-re r (l ~ tv in tist lateral j comho o a n oaise'rf ill Iliglt. Iv die ligtiek 15 lb) the lv s i ngivitwltiol'el

the gureul4'applflowi eng inotroptie s turbulencltte fltoct indo tile Its itlt't(eiisict 1) vti le aclir s I of~i~t4 rothis e Isit kil4 ~ "1111 iltis ttt .l

Shoc. Fiure (prpare fro calulatons escrbed , chasris teistinit ate bYf (Ian , ofd- tiltl ticlolcws. o It is l st't'n h

flows. inotesok heseiiain for t-e tublec til stndr reo eret c bas of~ 0.000 ni'hleti:'t fof seI\-

were ~ -take from*... te -eiacacltoso th ofct n l evelso ntia iso10tropici tlbels.e Acci i s of rdi'ng tot I t ftlit'

in iitilly isoropi tubidncetha hd pased Thesh eding fp a rasr a ll thref' -- tol te liettsvlel d itfrec f1o(i.t t'1vcl 141
da pigsceesal( a win- ttnilcnrcin rf (,fi, 'infinite'dstatic e lu buehilof tltt- slitwk Slonilt(' tlt' iltl('tlliltivig

scenK 2ile acltd dvain fo tilet oifferene pr estwelre figure s 4land 41 '0g14'et(' l d(.iIa to 1t'.
isctropy is -t bae o- idaizdco-ti---ld spw al' thi tilsrethalnc 4 a d ebl ti kttilto ab' t wit'e t l' l 1e lotges sgica nt

ext0m kippe lii to ~ wha mih-eeconee1 na i o wait h lgth).e Fore14 comptarale Machtiul.le f15 h
tuit es scton Te rongtdnlcmoetof 6h beind- therne shock c whesur e bh'a ehindat ill' is oc Isnil.l

0.1~~~~ pecn f resratnsed -bu ie aea comThnenocare pressurehn level s phoprtisonsan to thel energ 111er1t-r

fiue4. D sit h it isi ach t inubr tlllae l on - of thl noiserafiel in tli-It. l e iot i r of hoc- rbetit( e st tt'ractiotl r

(a Abent, howeverrcdopnstreamo f t hockt o fatir tlhwsn grea 1ur Oltet'aS of thle nho'ise c~onstanti lithIaill (href. S) thas

chageiRE t~.Nis cunrvtes vdetY thy soktrblt'a'te ralcompt(ionetrttt invte stiatiprsuedntitm asecit, Ilthel thec dimnihe of acottstiy
thlublenefo ig intothlle shck it i teefcl( h wthnrg indrllia l M(( latche illteracthis t'eiotl hSl is, rlel~llt o
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tie con vect'ion of itDil speci tie( vollii Jlt of ii rha] eliv ret ilroDig ( spectt rid wave let igth << tialit iel diialai. ) land1 p r I in I i faiirl.%
a weak plane shock segment (I •! 1f•ý i .:0; tile tutrbialettee good evenl withouit t his relstricticai oiil edlvl% sizv.
ieet n rot be honiogenico us. The two quanitit ites, en ergy Tihle prop ulsivye free' jet e in itt et 1 v a it turojt . ainiia-jel tor

densit v and flux (if energy, are n ot siniplY r'elatedl tniiess tile roicket enigilie is turbidetlt' but th turiiirh le Is il. ro
Wave pat ternt is simple,' for e'xamplep(, paraillel plane wit vi's olomogi'ieotis. Iln addiit ion, old *t v oal segencti , of In'1 shiock
or, t'toiwe'tt it' sphierical waves. structuriet that fllav ticcur aft of th lit'otzzh' tall bte itiisidrhi'ri

COCUIGRMRSsensib , v pitlit'. 'Phi s iock -ili eraict ior iii si generin-' iIt'rI %~
CONCLUDIN REMARKSttrbrillert eddies smaller I han suchi shock st'gtlti'lts; call peri-

The quianititat ive effec'ts of tlie in teractioni of it conivectetd( flaps het est irna ted froint het i'lrvi's prest'lid teilrois'ni Est i-
hliorogent'oas, field of turbullence WithI anl etentdedh't plant' mattes of t his stilt rtefier to iIlt'e stitilild tssit le'vel witlhiii
shoe k ha ve beenl (calcuaIatetdl, in cluditng tilie p ressu ret le'vel iof tI( he t' and I neiirhv otsitdetS I thi tv provid-te un i n't d in--c 11fo ma-I
tlte iioise genteratetd ill thle process. The assuimed t'tnlitjimis tin oil thetit sotiiii plesslite leviel farl fromtiiIlit, jet ll,' 21 fiuleitintll
aire t'losel 'v appr'oximated ili it slipt'rsolli' Wvindt ttinlittl or tluct ;'4111ice anItliaditection, on, til th' total) liell;Istic ple
with a ntormal s-hock: thlit shock, together wvithI its imageso bYi livlie JetI
ill tilet waill,, (if thite latter are liearlvN parallel), bhelaves sudi-

stattal like att exttended plant' shock for thlit pumroses of
h le analysis. The approximation is still quite good fol' l)dlaltt LEWIS FLrt;H' PROP 7'()N LIM~ oH AIlt in

oblique shotcks, for t hat port ion of thett incidettt t urbultentct NATiON Al. A Dvlsoi Foui1M lTEi~r i A F ut N AVtI
whose eddites airt' small compartet with titlit' tune mndtIianniettr ('1EVELA Ni. 01110. -11111 3. 19511

APPENDIX A
SYMBOLS

Flit' fo lnv in gsv in Imis fare itsed in, tit is report: (1 p a P pelt dix ni ratiti of speed s be fore atd aIzft er shoc t'k,

1 s'onlat alterlie 11111 V'aII mols ar deit'nt'h et antid lI 5't ill t'rt'l't Ito I (y-e 10A1

(I fuitnction dlefinted ii ref. 2 X numbaler of tliipigsileetis
0* tcriticail speed of sotiutnd' transfter fnrla'titml foir smiinri \vivt ýprvt'sllrc
bt fa rut oi~t hI detine ill ref. 2 effilt 1,
Fi A't II lbi trilr n funct'ion of A' -21'Y\ in 11 set 0 st't 0'

4'() * l1-lfl~l~ * 4 2 Sil112 0 - V2 'o~s2 (4y (+1) l(Y-y

'h1C~itt'lt oi(f traitnsformat ion from ,,,direc'tion tosine~s

di 1 S tranllsfter flilileItioll for 5I(litil wavets. tiihuitttillae
ktok' rn table's 1(c) to (k) (eq~. ill re'f. 21

.1 it'goblanl of transformuat ion frttm k' t o 4."'., 2(-Y- 1)(oi-1)' )2 ttt i-- I~( ti 0)..
I1 k cosA' _ 0" 66, n? I (,y4 l(Y _~m(.Y_ I)I al

4k" - Fi eoS2 0' c)0" •0

K 5t'rt'('i t'd'fi'i'it.i<= it'sllic prisure '7' Tm'ansfer funct'tion for vritropY wave's (temiperal-

A' amuplitutdei of Ak: A'2- k2-1-A'2-(-k 2 -Af A-, t lure eflect) T= TA~T
A., r'adial vontipoltiet tof A, A',- - A-, cot 0 1st l't'itt velot'itY downastrleaml of shoctk
A' wvive-ttinthn'er vtettori'. k= A-,. A'. A.;: Ilso. iI A~ str'eamt vteloctyir tpsI't'uiri of shock

kA', k,, A, o ill cyv litndr'ical co iltvs' ,U nlor~ indi'ivisiolt.aIil (ist 11-at i'iive velocity t'o raptt l-
t/A' Volumena elemenlitt ill \N Dtvei-mittm 1 

ui spalce'. ('itts ill d irt'' ios X~12, X.)fJ respect' i vt'Iv
A4= d(Ik(I'IA. toftktnlt of Velotcity perturilbatlion

colrcil aalee,/=finial strieam spetted c ' ~ -trit ical speed of sounda a*
initnial st rteam spteed I V ci'oss-strl ilar Velocity (sket ('I (ci))

j "'01(lirti't ihflparitve'tci, ' * oPoltenif ill lradial (fi-

Ii'i'ct iOil/0

/ filial strealn-tub Wl'idth I.d(ist 1lrlbatl't Velotcity 'omtponlent ill ýP-din'i'ttionua *
initial ~ ~ ~ H srettttfewdhUiestultant of U'antI V

AlI Macih unumber upstream of normal shock AVSI~ (complex) wavi' timfllitudte in two-dhimiensiornal
111, Match number downistrt'am of norrmal shiot'k field
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trallisfer ful iol V - S *,6. c'(s 0 0 .,1 ti t ivitI\iii I I It o f 6 fo r 11 i t- I I sc l 1i)vvd f 4 1ii
co'0h %\ alVc1111mber \vctor, x,~ k..

I ratisft'r funtiiljon, Y-1' a sin ,' it 0 ('f( It paiiilitleter, p'I- a, - ax
snu6 sepatrationk of twto poinits. i .1-1

(1/Z (voillplex ) Walvo arjliplitildt asstotjali'(l with r, '' fiuror ionl iliililvtd ill tailb(' I 'ief'iricd it) ref. 21
I, (c,0oblldex) \%.[\( ampilit ude associaletd \%ill)i a it rinisftr functtion for sound wave.,, 11- it'
I,/Z Woil~llieNx wave ampilllitude as'sovilltui withi r, dvlsiii pert iii'baitionl

it. 111vstand(1 for (I: r, i t-, p. 0,!o T liel dni

SCri . Wl para lilt' t ic, 2-_.. 1.2 I c iii oa I re ((lsiiii ii Y
___ T u~I ea l t e m c r p e r a tr e i t

(t)rcll )11tf a arll J3 il 11 st'p)llraiOt loll 2 (A.) peri'll ubarion velovitY spvct'ti11 ii1t l'i'0 'IS'tV

F~ouarier t ranisfoeril oIf 04(0). itilt'IJr('etd a is o f lalk

sjp'ct tail 'lellsjlV of' (TO (0) common01 lolgit inie aIlc)v of wave uiormiak h. A%

()S29'6 (vos 0'-sllW
I' __ di lperttiraif'I 111 vehwvil spec!1111 Wutu iuo (speccial co. I0ase ucin xiJtI6"s

ViVit of laolk ).

-raiofsu lOUc ivs I lakei as- 1.4ý T ntraisfer frrictiorr, T -11 .s it0 c"0

6, phasc atitltl of 11 (eq. ill ref. 2) - siji H

6 llni;k ang1"le of X arid Y. tallidal('t Mn tablels \vI vre
lItc to (k) ( eq. iII ref. 2) < __ __9,_

-1 p / I a nlgl of T ,tlilly 110 1 i ta le II'. to. (16 < ( T

(I slit 11111-Wl~ 'iilruir 't fsil' ,t fig (,o 6 j , oU< llcm 'a ll for . 2(.1 l obiqt1 used thoc 11pl1ce up arid

6'l I , (.t i()l ( plt 1.111 9)(, (q.,t 4E=-2l/

6"sourtl-w ave ililelinal ti ll at'Iiiritf solto ack st' g. ~i Subescripts:

112 taaltn1 tal *)-1 vtivv

2A dtlil rlliishlig mar1 k

APPENDIX B

COMPLETE V'ELOCITY SPEC'TRUM TENSORS

iT'e first arlid thle suiiii of Ithe st''lrtld arid third diagoniall f. -Y I ),/Z, shil IV
Iteilus of Ow li' 1ec'l'truii elensois of tin' vtlovjt 'v field bheiill Ilt'e
shckieo blje ntn elb it If it sifiedihti ap)pttrl('lt. Ij\ il'ldioicl ititi of i lit' gvi'tuieric ('(latittis (figs. I arid 2)

Other' I crins are ceils jot I a liv of jill c test for exampllpe. Iii c
septalllte Vtalues of lt'e secolnd iiid thirid diligolittl Icrinls (1Z, --dX 1 t il0
ar t'civ edied for it I tscriip t 

tim of tmisti rltiopie tlojii i lt ce. rll. talo 0-- -A'tA
comtuplete spec lii ll) tet ior forec ' f I ieldI (ltri o-iller ic aud tlois'

will be d'ierjived lit cretn li at uuo' e ('oli)p i'lvIlesi e pttoct't ltre. cots p--- A-2 ,(i
Turbulence field. It will b~e votvivnivt't tt rtploce Ilt'e

SYrb l 11 I) I. 11, 1', "' 1) * VI)1- 1, inti It) replact' a ari1d 0 bY i, J. il sir - -A.1

whichl takte onl thei values 1, 2, amid :1 iiisleotl of o, r', arrul i'.
With this ntioation arid lire. tise oIf equatijons (8), cqiiatioiis 1111 I ltt't't equalitl jlt titilt het t't'jt't'etitttt b Iv ihe sirigh' ('XIrt'5-
(1 0) carn be I raiisformted It) sillt

(/Z',- XdZ,

tIZ~<(V- I)uZcos ~p (14 x-xx~Lv~l( nn)d, 4d.( 12
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A.~opposite: that- is V" +dX. and~- s- f(1 -- 1,)

0AA A-' (.I dZ1
2  bcIk%%II \ it i v mi iIIII od/ o

6,lilw oI -6 reAlAvi 11ke I~ Ia a-ul -'mc2 A-,dd~'

v 6(1s 6)el \vr~ig IAAA-U-)4- -'Ž
A+ ,A

,A.,6 A. , A' 2, ABIZ , 2 _t4 A.! 4' (I' (B )x T 6! ,(' 6 ! 6 j,

x*IAi II~ ' .A(~ I, No T .wite fiteld. Wthitsitlt of vhu it iii (B ) ilA hr

A. -,A- ' ( I ' -I- l* dZ4'2,- Iti- IA'it Ill-A' -ers lii b\ I he 2A siqd VT~".

Now, if~ ~ ~ L Il eqa io (15)l Ihv s , \m o o-heseta

tellsol.~~~~~ ~ ~ ~ ~ i- chhgdfo ydt h 10TCM Vlinl Y1141 o.Iit., Ihiulolili l aIt- ills , mit' th iseuto .il pvr

(D'j ap lic tio toequ tiol (1:1 v ivi ttls l ' nl ed rve l 1sriilo \adb

1-cdle p rlh1t 121Iadl~,fol ~in m 12.l
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cont Iractilonl. (Seev a ppendix A for thet functional form,;- that of ((C4) at sharp peak at the origini. nthe peaks. %wen

Ini what follows, X=4, K=2, /, ----4.99 and /2 -- 0.3186.' avoidedl 1) ,(viv~iding the ranlge of Ilikinierical initegrationi

This set of valuets corresponds (if) t heorv to anl axisNm1- amlong tile two equnat ions: ((CM was used o ver! thI e rant ig
metric t urbitlence at station A (just tipst r:anin of thle shiock) 0<0<0 and ((4) was uised over the( ran ge 5 <9~
such that the root-mean-square lateral velocity * eomponlent where 01) is the valute of 0 correspondinig it) 0 -5.

is 36.1 tinevs t he root-mevan-square longitudlinal compone-nt
(see table 1, p. 46, ref. 14). 'PThe ratio 36f. 1 :1 is clearlY' anl REFERENCES

extrente deviation fromn isotropy. 1. Ltghitltw, Al. .1. ()It S'oundt 14it 'ran i t'll lwtti'~

'Ihel effec ts of the changed form of [ u ij] on] the in tegra tion Genmeral Th eorv 'y Proc H. ~ I 1( Ito * v.e.. Soc \ 211t

proceure vi~l e ilustraed 'ing te men- n. 110t7. Atar. 20). 1952, pp. 564-597.

squnare longitudinal vetlocitv in the turbulence. The relevant 2 ~ttr t . oietino 'ttr fVnii hog
( I. Shtock Wave. N.\(':\ Rep. 111 1 i.I954. (Stiwr~ede- N At

question is (53). with [?Il] be-ing given by equatioti (CI ).i
From t h,' form of equation (CI 1) it will b~e convenient to (airy 3. L it~ihtilt. NI. J.1 tin thle ttt1etgy Scattered froto it( thettterartiott of

out t he integrat ions in ten usl. of K. rat 0It' rtthan A-; thle t ra us- Tortitidene wvith Somi tiotr Sti c k Wa~vs. Prc C (a lbIt nt

formiat ion is Phil. Soc.. vot. 9), Iltl. :3. lii'. 1953. pp. 53t-55i .
4. Moore, Frantklini K.: 1'tttteattc Oblique~ tttteract ion of at Shock

dk - W1 LK(~~(0 ~~ave w-ithi a Platte D isttirbatnev. N Rep.~hi. 1165t. N.51.
t'2 (Supewrsede, N.WCA TN 2579.ý

5. Kovtismitta. Le'sIie S. G'.: Tttnttlettce int 'tipi'r-otit Joo

Equation (3: 5) then~ assu nivs thle form Aero. ,ci., v ol. 201. tit. t10. ()(et 9. p53. tIll 657, 6 I71; 682.
6. C'hang, C,. T.: ()ii the InItteract ion Btetweetn Weak FlUtictitat I~

-72 f',., vos, 8' ' t(t i Field,t f Sot'itd. Vort itit Y. \l . In Te t 1oratur ti % ith anto i -ulntog.
r2ýn 2 S2 -. S G'.\! (.,: oi Shtock. P't. 1---ttt att ntttnitet 'v Extenttted Metsitttt. Deptht

11122 It k0 IJ ~ ero.. The Jh., flttsIotkitt: tttiv.. D~ec. 1. 1953. (( 'ontiravt

N 6ori- 115. Task Ordner It11.-
The last two Integrals ap~pear InI the expression for 71,2, thel 7. Moore. F~rattklitt K.: Passage lof Flotw lst tritatnes Titrotigia

iieii squaiire longig~t1(tudina velo('it 'v titt stat ioni A' (O t ieiX- Dut ct Contita itnintg Scrve tts. Shovtk , o tr Cotractlont,. P rocI

pression is of the fortnl of eql. (-537)): thtus, equation ((C2) many Thiirdt Nidween'rt (Itttf. t ltitFlid Niecit.. ttiiv. otf Iittt..
be simnplifie'd to 1953. tpp. 193-21CIt.

9. Itihier. It. S.. and Moore. V. K.: tttsti'atl Intetraction of tDi'-

Ulý tlrtbatttes witit a zitork W\ave. t\ itli .\ppdicaliol IO t.4Itt-b:I

61 -\ii cos, 0 t/f0 (('3) tiH os Ieat 'Trattsfer and Flut iti Nt et.It t. St atntford
IS (G5

!J 2 1.v i ctts, Pres s, 1953. pp. 15-55.

The variable of inte~gral ion miay bev tchangedl from 0- to 1 ,y N Contttractitig St reatit. N At Alt. t 1113. 1953. (Stipersetes

mecans of the transforma tion N \(A TN 2606.)
10. Alitv al, .1. E.: Tite Stpot rti t *fl'tirhtiletie itt a ( 'tttpres-itde Flu it:

1(!082 E(I ~tlv Tiirtntlettce andi Rtandtom Nois~e. Itrtc. ( amttrittg)' Phiil.

4E 6 COS., vol. 49. I)1. 2, A\pr. N952. pp. 329-31-I.
e cos2 0 II1 . Jamtes, Hititert NI .. N hkols, Nathtatniel tB., anttd Phillip,. ialpit

S., eds. : Theory of Servo ttectati stt,. First ed.. MIcItraw-

Thtis restiti s ill lhe talt ernatite form tfil BooIttk C'o.. litt. . 19-17. ptp. 262-30)5.

12. Batchieltr. IG. K.: 'The Theory vif tioittttgttetttis ITirbitttlevII).

3t' /2 )f S,~ 2 ('05'? 0' GNI cosý f0 co'5 0,40 '4)atmbritdge Untttiv.Iri-. 11053.

u2 , 1,0 os 2 0 v IOs, ('4 13. TaYlor. G.. tL. antd Batch~ielor. (;. K.: Tit, t' Ifct (If Witre I tati/.e (llt
0 Stti~~~"all tDistiirl atices itt a Untifortm Sireatt.1 (part. .tIr Mellt

1,ppl. Ntatii.. v-ol. 11, 1949. pitl. 1-21).
On time rical e-valuationi the till'nt ('la tlll of eqlltiaiott ((':0 1 . Tuctker, N tat nt-c: Comttinted Effec'(t oIf D ampt iltg S(creet t anttd St rvai I

was foutnd to have a shall) pleak nevar thle uipper limit. andI ( otiv('rizece liltI rurbulentee. N A(.\ TN 2978. 1953.

t hough tiv Niach ntttnhm,'rat .1I is vasrie,st itt order mto lzit j~ritiI f~,thettrtjuotlt sti'l-trtilt miitt'ntm l.s
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TABLE I.-WAVE ANGLES ANDI T.RANSFIER FUNCTIO)NS

tial .\ = 1.411 (IN I 1.611t419 (aLtbhraw~ialal tahtlh' (v'l .4! - I I''',,, I.ha51411'

"6, It14 14', 'llte 6'', Ilp t II a 6.. 1. - , IOt

deg deg It r,
S.. . . ) tI ) I 14.) 1,1I.7 -A.7 l1,2 I) IA4) ."l

7. 9±2 ,412( ,,o S. 06 - -1. 444 I5.-1 A4 -21, 7., I IV , I .1 -li 1411.414, 7"t 151, W41

7 ,`9AAN11 A4.141 -N I.,211 N 10923 1 1. a., -45 .47 I 14A4 I to 4ý 11a - ti4i777 " ' I-4 T

7.Y7V141 S. l1IM - -M . USX 1. W 17 ,17, 4 ,57 07 1 152 U I A"41l. IXtN7.7 I I 4,7 .9.
A. ,40 14*4 4. 132 - -N ). 757 I '1i4 Ilt) *I - itl 49 177 -r171 ,T717 I Ill 7II 12
.4 2,o4) 4.. 3816 - M6.7, W9132 21 0' -4 .1 I 11i I 1492 A 7, 7,t I 11

A. 437145 14. 577 -7K,. 471 .7s711 t2(:. 2.t .t t 1 ill I 13.1 1 S3J19 1 64111. 33 t2 M1i 7

S. 912 1). 119 7 - 76. 16•2 .71811; *AI I h34 'I 124 , i.4. 7-Z, I, 1 22 7N 3

`9.46171 9.11114 - 75.111 i 4l IC " , ,,14 23. 9!i I 1I; 2 I 4222 1 - 7lt ,,7"1t 37 21

9.97514 10. 1311 -73. I. .31424 21 a172n 24 2.i V, 03 417t, 11741 . U

Itt. 481757 I0, 6159 -732. 3 32332 21I l(Kt t4 2 4 I . 1 I11I 1 14174111

112O 11.179 -- 71.1 •a a-71 `LM I 24 + 62 4 I 1515.l 93; 1 A4)!o,45 7

12.5( 13.71 2 - 67.44.5 . IWIS 21 .14. - . it 1 15 :2 71a2a - i147710

14 14. 224 - - 1114 . 31 ,3 22 .4 '25 W -55i, 25 .1 1.14 ,9 1 111 I I4

I5 15. 339 -It ..51 . 1142 2 d. ro 21s ̀ 9t %4. tlit I .1.1 5711 - M 1 1
1lol l I. J47 -- W1 9111 1.5 Nli

24.414S 27,55 -4W1.95 `45 -. 142,-1

.5 35. 315 -9l. M'2 .11251 as,53t. 219. IS - 14 117 '. 135 277 - 1 0141 ,

31) 11. 412 90. IN1 .11124 27 11'1 i' NI -A.39 'It I :141 21li46 - 14:1142
35 3.5. 447 -19 t9lt; .41157 223 ,12 32 12 -25. 3s 27,,1 -11i 137
411 43+11. 49 ) 1 . 1111II. 0.1 --2 1 Ia; 1 121 1147 - 4RI172

45 45. 174 .1.34 --. 35 310.1 - Is 71 1H, 144A . 1441273

%0 .M). 4411 IB! 4161 -- 4 11 41 14.45 - 7.111 II 1.(" 1 11111.t - 14411111
1,rk ,+.s 444 ýN, 445• - IN}J)4 15 19. 41; 3, !11 1, 117.'. m-,il;7 l~ li

At 154 51914i414. 5.1 7 ..111 41 5 11 '4446
114 Ill 441 )1 `iA. 4M1 - .14414 SI 2I2I 14.5 1 1. 1112.7 , 1 Mi474

1 5 1 l5 l 3111 4 ijt . 14112 (51. 11 21. 71x 11417 -A4 41 2.,2
711 74' 31 "1 M7.dl I11l --. (4AN14. i1t:1. 72 714.16, I II;i, 11134l i 14412117

7,_ 75. a5 d•). 3210 .14105 Col. 211 14.2X I Ir. 1 5 -1M AiA134-

9411 0 14.1tl 70. 223 - .14513 :1 72.71 :012.. 1.1 IaA 1172 - 1171•. 15)i'2 ,. l -. ll~ 7577.111 1l2 Itl I 14141l --.1 l414: .- Il44l12t95
Nt. 4 2 N9I. 114 -. 1 41 .4,1.42 72.11 1.. l 11241 6 i AIl.t
941 911) 9141 A 2 7j l 1 1 14

s5 .5.72 -I 112 1. 111 (- 1A1 I.- (-.144 iI
!11 `91 9141 )i

O, ldg d'.a lt'g ". dv"'t1 T A., Tl' 6a. 1'Iv

(hIa .41- lSisr i (a I ( 1.l lablira4ththe hlIlhI it II I 1.£14t11 ,.11 1 1. 7 "II46-1 1.1(641 II 11 I14

7. 12 - 13.t61i .51-2 1. ;t.M 111151 I1 ,7 1116 1.4
I0I 14.14 3 a; l t I 307 I _11411 -- Itll4 1 ?2.!, I lalt 17

leg (', clap IIs 211.995 -316.1W 1317 I 4412 -- .11141114 Ill 125.t$9
211 !' I' I 27.47 - 45. 31 1. 1' 'I "4a'4 -- 3l3:1 I 17 1*40 '12

2 : 11.23 -419. 710 I. 32i '. 5296 -1414011 4 II %ti
17 323(64,., 17. 11 -72. 39 1. 5244 235 31. 13 7 -52. 33 l, 37 41 1 - 0411111 5 22 5.Fl 411
14. 41K:1 17. w4 - 711. 59 1. 371 241 314 7 -M. 57 I 1. W 1. 2 1 i4  -, 4I421 2. 11) 4.739
I1, Ni-t 17. 4 -46. .5`9 W.14141 26. 3M) 35. 2 .2 M.92 I *417 2 -72 :14444 1. fi7 7.44
16 93t; I14. 27 -4owl. 11 4,375 21 tFt i(o.i 35.15 -54. 35 I1392 2 a1114; - 11411 11 li
!7. 2411 l. 59 -6 5.35 .7:1417

7 5. 742 35 75 -_`. 316 41. 37 -, I1121; I
7.49 11.92 -114.145 . 1i41`9 241.1412 35%. 2' -- 50.017 !. .4 -- .AAA114

1. 162 19. ,% -61. 74 .7:;13t I 241. 914 35. 45 -49.015 1.246 .M 'l 2 --. V277
I4. 77" A11) 4 -5 .59. .451iI4 . 37 7141. 15 -44.15 1 . 355; .77:2 -. lb3l4 I
I9.14 A) 'A.1 -. 57. 72 3K1741 37.5 341. 14 -44.27 1.3714 .5112 --.1134121
211 IM91 21 V7 -'5%1 .7h T1777 I

34 7. T2 -11.2s 1.534; . I4l -- 112,I
,3 3'1i.4•,2 -42.114 M 1357 314 71.714 -31;. 35 1. 7t 17 .7:144 -. 1117
7144 532.14 -791.75 .111l 1 314 31 15 -- 32. II I. 21.'1 .24114 -.14)93
23 37.210 - 19. 49 .11257 , 4'. 11 -154 I ±4 .44 1151 -. 113Z76
441 42.24 -48. 52 .411474 441 A6'. 16I - 1 141 1 . -I 117 --.44 4i%14
45 47.31 1. --.4 111116

145 5'5.+01 III. 13 1. 157 -- 112111 - (II117
dl 53'.3 12.79l -- ,1 ,5 59 511.57 211 12 I. 123 -- M51377 -. 1%1M2

5. 57. 14 22. 44 -. 1417! .5 1.1 9 31. llt Ii i51 -A.1513. -- it431t
tt I il194 3.44 -W.; 4 (7 17) .;7. 40-.54 1.44i:4 - 11277 --44 5314

6,5 416.72 42.23 -. 51.71 fi 71.92 41,414 1.10417 -- 1211 --. 13192
744 71.44 "1. IM --. 11N9

7' 1 75.71 ,ak, 412 1. 1113 4 -. 114 -. 11)414
7, 71. 12 411.7t --. 14124 7r, 79.39 t;, 27 1.017 -- IS4 III
NI) 79• ) • r-.003$;N,.71 46.27 1~ . 1117 --.14114l --.1147417

161761 7911 .911 411l 92.1 74.9 191.4i1 .4441619 A 5_1 -.1931, 46. 541 42. 4, 1. 1112 -AI114 -414461

-'hIesw valtioes apply for 1=X1 only. Ftor .X w, valhl, Should be relht, rtad Iy 11. All Otlier values arte Indepentlllll of x.
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