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E#Q4w

h apprdsmte mthol, based on a siBPMial font O? tk cm-
timlty relatim, 18 .imnlayeflto pediot the 1.us3ticmc# ~etikd
nbmk w.mn aked of tw-!limnaiaml ad tuidly ~o bdlc+n.
b cadnr b rednctrtk p~ern to au eqnimlent m~iwal
fore, it was at!- that: (1) T& fom of the nkok ktween lts
f~ Pint ad itn omit point IS tiequately rqneeented by

UD %.s- MY@otio i% tk ?ree~ Mob lima; d (2) the
8mxLolim bstween theshmknnltLw bdYIBatzui@t. dinolinnd
at an M@S ttd &wds cdy m th free-stream Moh mnber. With
t- aamq’tims, tk lmntion & tk shook @ative t-atk bcdy
nmiopiut is bie-ortbefcm 0ftlE2n0Be culeadil’lged@l
ak&ul o? ths smio point ml MO-S a singk-mlued fnnc.t.ima?
the Iw3h ImmbEr. A Biqle geuArio *W for E&imtiw shook
loratiun is alna pl’eEeukd, but this mthoi afpeen km Olose.ly
with e..t then tk O.mtimity Wm.

Hbnn tta lccntion of the detaotd m= d the 8cMI0 lb
i-datiwetotbbdyarekn mm, tkmnftlm portim of the
b~ n- of iti BdO @n’t a bn aOtilC.tadfke tk MD?U-
*O~OrthOKmiat hat orceaen tlm .9mi0 h. Cmpu%on
with amdlnb.la e~ ramlta Hcataa that tk etiim~
&w 00rSfioimta - Eoul qawxlmticm exuwt. for very blunt
biies d fw *-9ti Maqunlhem claw ta 1.0, “

T& -lfied cantimlty tit-l in duo aP@ied to UIUJP-
DYbriotIm-MmlYim31 bcaie6tiawlE OfattaOkrlmltOtw-
alEMiti d axially -rio mprmolio illletawith &taciml
w3ma due b spillage mar tk wwl. For mpnmio jileti, the
mlstim tetmen WII.WC @ shmk lcczatim i4 prenentd OIYItk
EIAitiTe * &w b Spillwe la ●0Mm3+-i.
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Im!mmrIlm

Ilhmaragi ma fmbamioflmoocum Inampammiofl. uu

ridd, mpy Ukpliiyhg ammptlcm am @lerdly required to mka
tbcretimlannl@e ff!auibla. HlthOut em!h Mcuptima, tk n.w

can~omkwtedti~wof lmgthynmerhmlmt hcda
based m .iIrfmwltial qlatlllxlaor fluid Molwmim. F4KdlLXaplt-
tutilYM difrelrfor eaab.CuItigmatical Invmtigakd;&am-altrmdO
atdimpmkntpEm3kxn arethereforenoteasilydiammible.

A _bb set d MMm@.imM for S*- the MIFd@B
. .

of Wmmlic flm vith a0t94w Ohcd mmn ahmld be OalEilltmt,
with the fdlmlng abaxnukriutiw of mab flw flelb: * mtmpy
mrleefra the frm-~mlne tetbvalne bahiulancuwl
alm0k,51tba mJ0aityTm5clB frmtifraa-~mluata X8x0
at tk ~tim ralnt. Qm.9, W * frOx-8&0m 1430hnwxber in
C4xmldmably gmukruxmmityml ifthambmmior efJianiOa
H@Wicmt pnrt.&timMmdintarkd flwfield, mal~t.wei

~-~- Irmktiml flow, e Cliffar’maw ktm=xn
J.ounlti i’rae-~ mlmi~, m Inaqmmible flm in the mhmio
mgtm M m Imgar be exgectad h yield mlid raenltn. For mch

~, - ~ -1- Dufi ~Om be fcamikkd.

Anamlysin bamdmaawimo omcalning thafomortle
kuwlariae cUthambumiOx@m m~tbumt hen.xtora. aftbn
rlml mriablam in PmaQted lxmin. Ia thin Mmly6ill, which w
tianttba EAC41mia~, bOthplma duia140)m0t-
txio bcdiem wm Oawidemli. Tkfcamo ftlbldetwkdmlxitl

8Mmdtobe cm4w0cdMlXy lnflmadby twfcumaCthelCdJ
alwicftk lxnliopoin t,tithenmio llnabOtwaulthe Ok&d
thabOdy im~tObe StrxQhtd i901in9d atm MlBletblt
dopmdo mly m th, frw-s’tram &.Llb~. m Omwxlity ralA-
tim is tLw41npplmd to tlllaBimplirioi piotm tP CwliO the lDPll-
timoftk xbcakrdatimtotheullio *t f@pkwdax1921y

~fio bed-. Tm dm.s 16 e~ mm t!m ~ ok,rge
titkflni attmt~utkmnio b. TkAbiiB 816a
ap@i6d t-aplane ~txiobcd.iea atawleofattxpk ruxlto
ti.dj.mmi~ ard nxially ~!o qmsmia iL&tB with
apilJagO o- w Cafl. mmlta am acq3r0d, Vkm pmoiblaj

with available axpo~l d8ta.

W.M m 1s21 s

21MFriLs

*follGwiug*b ammad,m Ofwhiti araillustxnkd
iilfigw?ll:
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!3pednfmYmd

x400rdimt4 of r~ POintofkdy ’

drw m?offioiemt of pcmtimof bdy abed of tkcuwtiual smio
point (bwd m Oru3 Ilxiicakd by Snbmript)

,,

dktsnoektwemvmrkxd~ IYb&nnmcd +

rlwe-~mahnmbar

Btagnxticsl~

Btatio pra-

Imcnl mlmity

mardinate in strum MrOotim

diatanm ~ front Petit of detacliedahaok w titeraapt
of ita mjupwk m x-aria

rmrdimte @rwMisnIm to atreau dirncticm

@-=

mtio ar EPOOifia w (1.4 for ati) ,
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lmd @e of kdy omtuu. reldtim td x+uia

6* Mu= -lo lb d. IXI=J to fre=~ MrcIdtion

!2dM-dngle of * or occw

O- W+ for uhloh ehook bcocm?s d.etadkd

awle of ntrmml.lm relatim ta x-axle

TK@F inlf-angle for wbi.h .bxk Lwacme. detadted

dmslty

Iaetimplc cmtraatlm ratio rrm free stream b mnio velmlty

fmmtidn .32W.xlmm plble InLlt QYSa flou tint pa
M’mlde owl

lccel Inolimtimof detaolml shook relntlw to x-axln

&ibodripto:

0

1,2

0

m

s

S2

s

frea-~ I?aMltlms

m= @ m w%im Of um=fdo MY o*-,
IWBwOtiW14

cantmid of Btream tabe Wnbg twaio lkne

dritiu?.1.3aYlItima

8CQ1O point M detached ohook

acdo point 0? My

W&cm * Oc!nioMm

TM repmumtntim C& flcu with dutati act mws to be utd
in the P?enmt amlmia in akm in fi@m 1. TM mgim of mbmalo
flw Id boded bs t-be@icm of the detaoimd mm balm Itn nmio
point S, by th pa’tics KU the boiy omtmr npatre.m of it.amnia

, ,

nm m ls?l 5

point m, mtbrtkemio ourvebetmon S ad SB. Ifthafom
afthadetaoiwi m?aiakawn, tha lmdtimdf f3mtkashodtddn
MidtelJ b datadned, bmannsf.magiwn~tkme@a ~S

for ubioh smio mldoit~ axlata ~ the 6hwk is knwn frm ~

t-. rim rlw filmctlm .&g at thin paknt 10 thm alw knuln.

TbfJnmlc cm-m in Bhmm In fle 1 as a atmf@t lfna.This
ap~oxhatlm 10- tbmugbmt lAO amlynkn, c.lthmgb mom axaat

-w~i’=, au Wall an .3xpmiMrlt81 rmnltd, Imlioate tbt the
fmnmydopmd ocrddmnblymtim nlqeoftha no8eorleadlw
+ (refermo.slalxl 2). TOtheae or applxlmtica M tb
pmomt mthcd, bmfamr, Slmb Tm-iatiala nmear to be Unlmprkmt.
Vitb tba nlmplificd.Pictam slum in fiLPWO 1, apmwlmto erfaw-
aims am M derlmd for tkm U I.omtim relative to the balJ
13c910p0intaJMlfwthedragaruIa pmtlmar tbllbcd~intka
R41beullc-flwregim.

Iamtlm or Pdy we Poht

Mdonoa 10 mailable to aim *t, fce bddiaa with obarp m
vO1l-defimd nhaiidera (fig. 2(a)), the emio POiut id I.catad at
* -Or (lwfe?moe 2). R3ruJre &mldndlly - lmdlen, mdb

= O@W, W MICSJ of tlm DLII1Opnln’b- be emtfmtd b~
Mlextulnim dfamthcdmggmted b~mwmlmn (~ 3). Tbio
mtkdlcmtea tinshmldnrm tthepolnt WkuXdthO IJ.mt.nuOftbO
bOaylolndllQad attiMimd130anslll orcmu. angle~illgto
ahwk d~ (fig. 2(b)). H the KUIlO Ilnd is appmdmtd b’J

a6t1’ui@ -, Wleld=tim Df*nhmldmm uitiMemfo point
wlmida. IWne remlta are maldfIous, W n- uqyB, with tba
flm pant tha tlIrOOl.mdtim Ca a @qarmlio nozzle, * Wkiah tbe

lc.mtim of the mdmm cmatrlutlm (dmulder) d the ado pcdnt
001901d0if t&thrc!atls0kdT mlft.bf lmlstmdtadaa ala
dxiumlo

TIWdloiw afthepintdft.mguwy OrtJMbOl@Fithalim
!mJlmddtt&detadMnta@Le aathaa~te ldcatlcaofthe
WXlic petit ha - tlhsmtiml $latmcatlm f- tuu-dtimahldl
fl.w. V. Perlhas p9hkd0uttitheeatti thutfcrrflw mar
smio mlocity d for MU prtarbdtlm mlnoitiw, ths derim-

tim aliw takm alfmg tb ~ te a Stmlmlb, 7mlBhes to a

- apw’=titi at * h~ imcutba mloltitititi
shddk mm. Thin reeult Wpllm that A 10 l’elmlmly Omotmt
alcmg the &!mio MM d hmdej that tlm tiltiicdi of tIM IKIM
at its Omic point 10 aPWOXIMWti -d tO As. ~CJI MI AS
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la ❑lightlyAlar t.bm i~, th Ilmio point WcUJi be llxated

OligbtlJ d~ of tbe duaulder of thn body; vkmaa th Ms-
mmimgivm inr0r~ws3nb0va thattYM 8miap0intli.r8abmi
or the alUllAm-. mm .iArfm’mms, howwar, Mm imY@ficaxk for
the prment EMlyein, bmaune U?9 Smio point and the ahmlder am
a- t-aCOincida.

Althulgb tba tbaclrotical basis frm locating +& mnic point

W — or * li~t UnE10 in far frm ompleta, mimlar4
far axially s-o bcdieO, t!n prcc-edureappearn Hm&.le if,
M afunmmi in * premmt malysti, tIm r- of tbe nom m leading
ed@aYmad ofthat!hm16er (orsmia Point) hanmlyaammdhry
erfa m m form d the llmatim or the nmio llne. ThIH amio line
&mldtk-arO1w kaWalmR3-ttk9 EMafulm forallbcdieslm, fo?

qwf=@*aa-tithu-=f@ Calym.ghtlygmuter
than tlm detachmt mgle. Bscauea the ❑mlo point for tha= Mien
i.9knlRl to MlndM6uttb0p0int Cftangmc yWithtJhaIl*olWmt

w, ~ pmmdmer haildkamlidf mall Wieaattkwnam
Mmh nmbm tithin W degree af ap~tlm of +& pmmt mthcd.
2Mn PvO.sMo willtiM&omkan=d tad~ body I3UI1OPolntn
fw CapariOm M themwtical d emmbmtal IW3uY.tu.

5mmasming mdinthopmaedinE ~;hlmdstaa~
tipla etiio ~ for Pm6A0tirlg the Iocatlm d detacld
slwkrmm. Aw6@cra mwitkinoMdm.4e large en.mghta

t cd with wll-A0rinc4 !3bmMcm in Cmaidamd-ohocka~
(fiE. Z(a)). If b-~ in the di6tanua rrmtbma-t.ex or tim cam

(1)

for pllxm rY.w,

ald for edllly ~c fkw,

(2)

(3)

WA 731521 ‘1

Bmm8e, br the.Prc.mnt amnpticme, L/r= 18 cmatant for n gim

~ and Mepmdmt of tha r- of tba noee, equatim (2) d (s)

represent estimte.a of tm locatim d the dwboh.wl tick mm. fm
all bdios at zmn MI@ d attaok. This estimate CJbouldM par-
timlarly mlid for boil- mly BligbtYY blunter thm tha wedge or

O=@ fw wbi& detactit _. The rOux dmimtlm, hw-
emr, whiob 10 ba9ad m the cmtimlty relatim, nbmld provide a
better mtimte or the average shmk I.catim for mm ~
blunt bcdion.

L.xatiald D8taokd shook wave
(Cultinuity M8thcd)

AeaOmd farm ti ktacIA &oak WaVEI.- Tha imcrttypiallOkr-
~io. af detaobei waves am thst: (1) WY em ~ to the
fraa U&MM at tlmir f~ point; and (2) they m-e aaymptotio b
th frua+t.re.m ktaohlima at I.argadist=mcm frm thair forcoxt
point. A nimple mrve that W tbeea ah~riBtim in ELIhyperbola
mprmmt-rd by

b P i@thaco_t Gfthe MWb8@e aIM ~ i@tbe din-

tarm-afrmthe~af tbewave,totbs iutarmotimd its.

-~fl. Fm! tbe purpae C# tha analynia, the bypotbmis ie Ae
tit to thedegree LU appmximatim mqnircd, aU de’caobedwavea in
tkeregical babmalthoaxlemitka emlO@nt s m.yba
rqmamnted b~ oquatim (A).

Hitb this farm or dtid VmO, thsaugla betuwn the UtrOm
di.reatim cd tlM3-t to tbe sbwk at w pOiht 10 obtained
* (rig. 1)
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(6)

‘“* (63)

IfthOrcaard* titibdY nmlopalm lamedaatker afar-
411cedlD3nmim, tbmtbrcumar thaahoak waleingilwllv
(equatlm (4))

(7)

where, frm equatlrn (6),

m Uguntlm (*) the .Mmmmiull=!nlomtiald tho OhOOkSmic
poht la

(9)

me dlst.mm fnm tho foramut pobt of tlm ahcek to tha x-oomdim.te
of the body Bmlc petit in

(lo)

IWA ml 1$21

Wherd, ma fi@Lm 1,

9

(11)

(12)

vham

.. C,(,ti,,+=) (131

hamnohne B adQB areknouUf@a@=n*-et-

ibh mabni-, mU tb O~titieS X$Y= ~ n -In ~ ~

de~d to LUW6i0t the mlatinn betvem the mnlo point m a
bcdy ad the locatlm or itB d.baohed vave.

A&uAiG ?!.W.*%_-ti* - ~ -~ ~ de~~
the WM-ItiW Y2ZY%, tim CicCltinuityralatim la applied h the

fldd that F9mee the aollicUnO. W lnte&ral fnnu of thie ml.8-
tim ie melem for tJM pm=t mtbcd, inaMuoh M WIO di~bu-
tlm M the flew rnrlablea elm% the am.lc Mm I- unknown. Tha
diatributim C# dqqmtlm prmmra 15@ltItilY t-ahlndthe @hook,
hcmmr, Is knmn. An appmm-Me avmagu mlue M this quantity
10 that exl!rtlngalmg the strwmllm whioh reprmantn the mm
Centmm of the aid Paeains the .90do lhe. ~S -*M
atremlw mt’em the -k ~~ at 70=Y.J2 fm P~e flm ~ nt

70=2Y~/3 for axially B3’M@r! c flm. TIE d!cck angle oomeLIpcdYI-

1 m theta mlues of y can be obtalnei frm equaticm (5) md

(3. 2$- the ETtnenatlm pra.wiw R9ains 00n8tJ3ntC!lmg MOh
ntmmlim behindthe shock, the tine of Pe,~ WI1l -in

mOtmu@ betwmm the abock wma ad the acmlo MM. BecauBo W
tdd tapeu’atura is cmataut, the draplifld omtinulty nquatim
my be writtm an
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wham u in thn cmtractlm ratio required to de0elemt8 t& Iha
Ehum ta Eal.icTemity Immtmpimly.y. In t.emae& the mardi-

M* C& ti -0 PO*, qmtim (14) bmmm, for plane flmr

w

:= = (1 -B OMII)-l

ad ror axially CLn95trio rlm

or

1--
7~ 2
~’. (l-n. wq)

(M)

(16)

TbYqprO@da lc+llma Orq t0ban8ed inemhmsel%5min
to W ,x+jnbllakut. h the Ymnin@ the prmlcawly oited malcgy
betwem me-dimmiaml ohmml flov ant flew vith detdahad M
mveB, tlw8tillneis MmWd to be~tatJWaT8r8@flm
dkrectlm kn itn vi0tnit7. At S the iml~ion of ti flew la
kumtOYm A8b0thf0rplnnecal axially m~trio flow;

Wilereasut m theinolinatim ioassmedt.obehd forplcm

rlw a.lnlea for dally a~i+l flew. If the Orit&etio

- of * inolim.ticmat the tm axtrmlties in nfml, the

a~i~~ mLn’M3Bi’n9 for T besm :

for plmo flw,

ad fm axially e~rio flow,

.

11

(17)

Bomum ~ differs m.u alightl,?frm hfl, the knolinntim H

thee.nic llnefor plaueflmvill te~tob.simply q.~.

values of y~ym cbtdned frm qmtima (15) d (16) --

m fuM4iM0 ti ~ b ri~ 3. mm aatti d XJYm tith

~, an cmgatd frm eqmtim (8), la .Im _. W value. of

~ and EId MUM to datmmiu Y.JYm - obtaind faua tha

shOck Ohart-sOfmrOI’eilm4ad arOplOtteda@.iWt ~ tnfi@Jre4.

llleBhmk”@b tth4.9mi0p Qint % IUtdthe ehmkmglaeattha

mm amtroid for Wimmsid d aximl.y m$metrio now am almo
8hmll k fi@e 4. In f@ra 5, * mmltlng tatal-presuw rntim

(p@O)o - I@- -m tith th *OE of u d C, nmd in

OlpJAtimn (M) thrmgh (16).

CmP!a’i.?a of 121em-etimland 3xperiWltal LalOokIaoatim

A ccqs3rim @ ths 8hock fom ad I.ocatim mtimtd by the
Omtinui@ BOthcd Vitb the expmimmtul mmlt.e C& refermce 2 19
sbLWninfigllm6. l?na data af rafermce 2 were ottaind with%

hwwltian mhtklmhnmbm Orl.7. TbYflmrfieldln the
Vioinity af the mdeln UrM reculwtrnctd frm int-mf0rcgr8M. h

-am of tbaory ml qle15mmt, b farmwt
deWab.6i mm VUB mad as tlm

point or the
— poknt. The tkaortiical Om-

fi.gmaticm 16 irdmmdmt 0? the bdy fmm MA i~ thar.aforathe
mm fOr =* d the W bodion shown. W tbe sphere and the
ome, erpmdmmtal ecalo points am @vein in mfertmm 2 cd the
y_OOOldiMtO of WY- PJinti mE Ud an the I&e3Wl100 dimmaicm.
For tha pm@tiLY, hmwm, tha aotual smic point w not deter-
mind in refm’ewm Z awl tha thmmtimlly entimtud locatim of
~is point vm u@i an the refomnoe d-ire. TIM ananmed tiook
ram and tk+ estimated dinte.rm fmn the vertex of the ahcmkb tlw
boiy smio point are nhmn b W approximately in agreement with
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expemimltd I’esultdfor mu tlmee llodien. Iluu.ma,ng blnntnam &
the nma appeara ta shift the nmm wrtim of tbe detwhed van

awvf-tJm bcdY,wtln TlOi-if timwldemugac.fncaefonul
th2n effwt appam to be mall. m dlock ram for the projectile
my be8msvbatln-inf@um 611mtath0r61at, iv017~
tie a? tim mbtio PC@.im of th dia@m PMnmted fm this
bOiJ (mr— 2).

The tbeoretlmlmrlatlm of L/Tm with ltaoh~ in stxmn

in f14311.M7 rm pm cd amlv 0petr20 bdM, kgdb. tith
Inaillma axp5r2mntaa mlnss mm Mfarmmes 1, 5, and 6, ed the
nmOI’10814 rxqmtei V81M9 d re4m.fmM 1. 5!hednta 0bt.alnOdfrm
ref-6were amvwrta6 to the presmt PO.mmters * a Mzall
akatohcf tlmmlaladmytbemfcm be.sme!dmtti-. w
mluesobtd.mdb ytk-intit~ mtho2mw ~toagreemava
IAc904, h ~, with erp.a~ rasultn thm tba *es
o~ by the ~0 mthcd. An ~U s’tatd, kwmver,
*I ~o * - yield mm mnmti mmltm far boaies
.@I cMghtly.blunter * tbn wO@ or oma fca.whiah ahmk detaOb-
Mmltncqlra. ThiJ3EQ’0dia2im 2Eb0mmtt0aaw MtOntfmtw
tlin-dmmsiclml kales, wham tbm mlue Oltalrmd In rafarenm 1 for
ths md@ aereos olmely with the mlue obtied by the .m-ric
mthmt, d the MIltiIluitymthcd C4pp0am tu avera60 tbB results
obtalmxl for W wdm ad * flat-nm-si bc.Q. h W axinw
~~o wag no OUOh ompriwn In amil.abh, althcu@ f~.
rnw66hm3tkrt L/Yin tmlet.o incrnaeaasthebcily beommlem

blunt. Th080 renults blfcati tit tJ2@.xmttiity - leedn h
an avurqee tine af L/Tm; Uhmeaa tha gemetrio Uatb2 YlelAe

themmmm laluaoftbb qlledltyfclr aglven ~.

mug Upstraa= d m

Becauaawwfom@JathBlc&tica Oftheohookmm.mdths
nmio llna am tiumd to be hdcqedmt of tbe OhPD M tb nom
m * 10ad2ng *, it rollown that tie draE oc-sffieientCU the
Pmtim of +&a bcdy UP5tlW8M of Its tiO P0211tis, by the WOEmt
mthd, aleo lnd~d~ CU the bcdy :om. !IMS pmtim of &s
drag MU ha detemdmd frm tha mmen’tnu theorem. H tie atmam-
llmaam-btibentiti thFIemic limaodlf!.TBrn@
-em c& tJM flow mrtibha at the BmiC 11- w wti u*, tie
-turn ewatialmy beVrltteaw (fig.1)

WA lW lS21 1.3

~&ago oeffioimtbamdmti -cftlMbuly atitS

Callo paint 10:

I
I

I

I
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fm. plmle flw,

(CJ
% (2=(q% +-

d far axially sg’metrio flw,

lucA m 1%?1

(22)

(23)

H the Uppmpriate ?dnOs of q, (PJO)O> ad y8/ym era Uml,

tha qrracwiona fm the dmE mafficirnit beoam idsntial for P1.me
& ~ a~o flm’:

(24)

IWA9141.W 15

amia line aIunmM for them bedim in tha mqwtatime of refer-
C#lml. mim~emiol trmitmrtatlmfam cutbb0dyp6-r-
ma!llnrly at * BhOuldm, UhmWJO tka aotual mmio line la
~bly oaIu!!m dmtmam. (&a f2& 6.) Sma di~d
EIWUIA suwkbu be ~, hmowwr ,inamlti aswlemmmt.m

~ ~ *0 ob~ti tie W @loti by the Preemt mtld
g islmrOeMIKi tim to dfimenem in the stream angle mar the

-10 12na tkl tha Hltinuity etp’tim Wed to @iut Bhmk
lkim. mm~mmiatlmrwt%u.a M06tmlidvhm the
fitramltieam~tobe almmtnmmal tothawmicllne aml
uhmt&0~01in918n0t~ tohmlargecmwatare.

The ~ Pcdoibla @ cwmffioimt, obtained by -IIM
th&ttha 6t.a&uatim prafimrebeh2d a~tikurtnantbs
Qtirancee, impluttaiinfifpu’e .91tlrcapm-iam.

(26)



,
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Thm-Ofore, frcn equatfma (8) and (12),

(27)

@ad

lb equatima far the pmtima of the ahmk mm abovn aml
helm the X-OXiE -:

+3-+w%” (29)

(ma)

An example or tk Mmlwg CJdignreticmfar m Unsymotric
tnD-dimmEimal body iB nhmn in figuro 10 for ym ~ . 0.57

EB,l.
‘i% . aluea of y~y= and X@= mm obtnincd &m fiaure S d

L/y= w obtained rrm the mnul.ta of the cmtinuity method

(fig. 7). A slQbt diamqano~ ape in the I.ocatim of the
mrt-a.xcfthnd~ohedwm’edm tot,ks.apmnta CmBtamutian d tb
W?~ d 1- pmtims & tb Wmfifpmtim, but thie disorqacr
in well vithin the mcmcao y Or tba apprax.lmtimn. We of t.ha
fpmetrio mnthoi wmld lccate the origin of ti nhcck at the point
Of illt0XW0tk41 Of th!3t5Ul&ZltliMB fITE th O~i C @lltO. ThiE
Mthcd would amid the lliFElntinuityat thn Turtax of the ElhDck,
bnt would fall m mtinfy the umtinuity equatim.

B1.,mequaticag (21) and (22), tim dmg Coerrioimt or tb lmwr
ard upper @iron of tha body am mm ta ba deaeut., fm n

a~~~ ~, & = Y#a, m t~t tb Am5 oc-9fri0imt rm t.h

IIACAm lW 17

portim M the um~trlu boiy abed of the molo @ta baimd

~ (7= ~ + Ym,z) iB idmtiml to ti drag Cmffioimt based m

% for’tiw ~trio bcdy at xem angle d attmk. !’bisremit

la 81OO evident fIUO the omuidemtim that W ●titum change of
tha fluid that ~ae tha uania line deperub anl.xm the Mmh number
or the rme Btmm. The tot-almm flm past the ala linm
depmdn mly cm ~, but W@ portlms of thisram rlm atam and

below GM zem 6ttemline am not equal for ~tti 0 bodies m
far tiles at angle of attaok.

In c$iditim to the ltiitatimn ~ticnA in c.nmectim with
t~ 69ttrat.d drag ace.ffioimta at zaro mqle of attiok, the faot
tit ra6ims of rmgatim prmnnm cmffiaimt * ocam when tlw

~im -line rflilato tnt.ammct thn f-6t point or *
bdy mat 81ao be cmnidemd. The drag ooeffioienta est.umted by
tha ~t rmthcd cormapcmd to the intagre.1cd the ~mme foroem
Ovmthozem 6tre4mllM ml am blepmdent of the *P or thiu
a~line ahmd & +&J nmio point. Local aep3ratim rOglcmO neim
tb fcwea08t *, hmwn-ar, my alW the mbamio portim of the
fl.w Eurrioimltly to Invalidab Ouk.imutm of drag bad m a pm-
aoribed fom of the do lYDO ad an nanmed flw direotim. Tha

Pm@um for O-iMat@ the locatiul or the shook, imlevar, ahonld
not be greatly in error, bmame the omtinuity relatim used to
mullet this loastim is relntimly Itu+sm3iti,etu mrintima in
thn fmm of the m~io I.insar * bolination of t)m mlocity W3tar.

ShKk Incatimend AdditiTaruag for aQeracmio

Inlets WltilBPilla@O?ur ml

TIM mathcd of ths precdq neotltYLI ray be eamilycut+mded
t-aths p’oblm @ estimating the shock locatim ml the addititn
drag aa rnnotim of tbs fractim Or * MY51nm w flow tht 1.9

npilled orer tha 00W1 of tuu-diwnalctwl m asiaUT symetrio
inlOtB. Tile8iMPlifiti piOttWU 001’IwsPcdins ta this Wblan iS
Bh W figW3 11, WbBM tb Y+tititi i8 n~ ~ * *
axia of a-try of th inlut. The ccardi.natiYm dti~ tho

frm-otra~ lc.xatim of the streamline that aopatie tb mm
mtea-lng the inlet frm tint paec.fngoutside tim inlet, The int-sr-
Dmti.al of thin ~lue vlth the dtied nbook mm is ammad
to M t.ha orisi.n of thn ~orbollc P@iCt! of that shook vuw . In
talmn Or * 00oniinatea Ohm!Tlh fi#2ro 11, tk spillage T is
d.rf~ by thefolkwins LIXPW3Slma :
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hYiYme4uimml lnleta

T& dras duo to sPiM 1S defimd M ‘cho~ & (P-PO)

alcng the 6tlWmlin9 that imnxls * aotering fluid. Tbim q lB
aimilnr W the additive dr8E de.ihad by Ferrl for nmm Mets with
PO@’C- OWI~l b~i-v for VMCJI M da’-llnee my be deflmtad
a omsidam.bla di.a~o.a shed Of the owl.

mmmlic point s C9nbec.atimtad .bytiw-uraud
f= aloaad ladies. F@ met caaaa cu intmwt, tha lip of tm owl
will M b m ml-y thin re’lmive tD the inlet UrOm lWltim, so
that a villbe Tm’yO1O* tmth0forQc9t point artbe lip. mre
the nw rapidly •~s to SnpOmalia YcJoaitiaa. &pOlaticm
*- rasalting * thin expeaaica Sre again Oe@ected alai~
maldembly IW3UB8 tiM tiitiYe d19g due t.Oepil~, The Telaticsl
tibbimdbetwem Spillaga d Mm& lcstlim, hwumr, -
not M #mlt3J df40twd by 1.n.2almparaticm ragiau.

OthQr OmQlmmticalo Uamw mWantad titb mpuremic inlete
km alno a lfglme.i. Obliqun dlooka * a pmtmding Omtral
L!*, rm -1o, are aammd +m ham negligible O?fti m the

ml.ltim be- mae-flw Upillagad dragd al* ?DlnUfthe
dmak m &am y=, ThreesiBPIKicutime mLmOd yiblA mlid

O~B wh opea~ bedim tithOlltcultr’d bCdiOB aIW =-
Mlaret!arubmtieffeot oftkaosotzal lmlyi~ felt mlybelcw
thecn%@l lxrtho IlJp0rb01iop3rtiaI Of the .iatWhdG. ‘n10
=lFOi~ 10 irdepadmt of * D8ture of W mhook below thin
Cxigirl.

The -114 Pmtlm of tb tionk mm is w reprmmted by
the Dqlmtim

(31)

* .

19

Bqwtims (9), (10), awl (U) fm tha z-ooordimtaa CU the da
Potia and for the dmak lc.catlm ~in mobso@d by tsanolatim
M tha arigln. Wan equatim (32) inmad in place uf equatim [8),
the ezpmasim fcr the &m3k looatlm (eqmtim (10)) baomeu

L ‘a (C+tanrl) -cm—.— --n (33)
s= Y~ 73

Two-dimcusial Inletn. - h tn-dimmaiaml flow, tlm mtlo
M the -Ic-lim i-h m te tba free-6tmm area of the atl’enm
tuba is (fi,g. 11)

L? * mlnn b mbutitutad in eqmtim (33), tiM exprrmlm for
thn lomtim of tb3 v#-@l @ t&J dotackd -W bw3_S

(36)

Hhm m air puma thouah tb inlet (gm . O), tbia e~im la

fotuulk. time to the valuo obtzhed fcc olmed a~trio bcdiem.

‘lb dras mafflolart luM-6 cm A. (~uatim (21)) 10 iR3e-

pmdent of the rxxmdinmtea, BO that w d- mefflcient for the
iolet in obtained by mltiP1.@W (~)

%
by the ratio AdAm,

U1’xYt-acuum
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Equatimn (33) and (56) hllmte tit the distame cd tbe shook
frm the tilet lip d the drag c-mf.fioimt for n gimn ~

inaraa+m llnMr4 with the mmnt. cd ah that pama outnida the
inlet.

many S215? trio inlete.- l’m ratio of conic area to frR?-
stleem WE for axially Bmric InLets bee-s

M that

WA ‘Ri 12E.Y 21

Zqmtical(in) fm (CD)AO x ZWJII be MPJ.tipliad by the ratio

WA= h obtain tb9 dm!?cmaffioimt tad m the inlet -.

Th!Jm,

amid .AW Of tOtd-~8~ &iO at * u9.5s-tiid VIIJ
be uaei. BY anktitnting equetl.m (39) knta ww.tim (23), tlM
t3h00klc-aatim in fc.ud b he

1

Ohtainad IIEing q - $ (ed + A8) am FAIHoPlti fm OmPariocm.

ThO ml.uo ae..smd fcu q evidently has little effeot m the e6tl-
!mt-4 ~ or the @hmk lmatim.

(39)

(40)

SUmdAKfOFHEIWD

An aP~ti mthd hs Mm duve@ed far predicting the
lcmtim M dabmhed ahmk mm shawl of plme or axiallJ
e~fic WE ad for ●nt=iug tkm dmE of tti particm M
the tuly up~ of tha themetical amio point. The mdhd is
bawd m tb cmtim.ity relfatim, which la applied to tho air that
Iumen * omio MnO. !RIOmin am.nupticmo waro tkat: (1) TIM
fOIU Of * dutaohed.18w - t~ -S tO itS EMiC POiUt ia @.de-
WZStely mpmmmti by an hyperbola MY@otio W tlw froa-rbream
Mach lilllm;d (2) that the Bmio C+n’m LWtWen m-a 13hmk d tim
mdy la a Utrai@t line. mme a.Ym@imn mly tiut the fom and
th lomtim of * chock ml tha @o llu.9- ml.y momdarily
inflnmced by the rum of W kdy shad or iti emid point and that
+&a @hook lomticmr%latimtotheboiy tic goint 18 primrily a
fumtim @ M the fme-at.mm Mmh MbBr. lW @ of tb b~y
m tlnl‘dmio point was aatimt.ai frm the chau@ of Mmmtm of the
air t~ Wsean th9 amio line 8* * omaequently alao i* Fe*ti
Of the fom of ma mne or W 1** edtm m t~ p-t apti-
Mt im,
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Cmpmriamwltb W*W Xa8nltnidimte.s tluttbaaMmp-
S. Liepmm, EMU WOW-W, ASkMUWI,2EUTY, ~ ~la) J~lMI D.:

tlall?mad emmlidtagmd e~tlm far Pmdfctlw the rm
~rimnts In mmEcQio r’lcw. TO@. Rep. HO. 3667, Air

mteriel ~, U.g. Ah ~~E, Mb. 19, lWS. (PIw~
by C.I.T., Jma 1947, mxier AAF Cmtraot ~. H33-03FkM-1717

: (11.392).)

d the I.caticmd detmbe3 —, but w be &ersiMpl-wcatiOM
whmitiudwimdta~lvt tim~=exhmely bl.untlmliee.
l!lulm9th04 alm fniln kn thn Tictilty of 8mlAc frte-l!lmeamPalmity.
l%eeff.aat nnfangle ofattackmnlUztqn3trio bc&r Omt-mr am
dislmlmed for tw-dimclmfaml ncu, ht. no ~ remits am
atilabla ta ** ti WlmrOtbl.1 predictiala.

Iht+msim arttlemt.ho dtotlmml.a ofe8tlmt.ing tWEddi-
timdrag 51tk9slmakl.Omtim far mpersmio 4DJ.OtBwith Opillaga
ova the .X91 indicated ttmt tJM 6m3& botb for two-dbansiulnl d
~ ~o ifle~, imwa lirear&with the mrcentqe
aCthL3~iuletatMt~ onttietbomwl. The din.
timcabetwem thsdumkmuitb illhtlip~~ ~ liIb?erlJ
with this ~ fm two-d~cfml him- d a.lxmt linmrly
for Cui8117 mti!l inlets.

-s Flight PI’O@@im Iabauwy,
Ea’ticad MT19C47 Gxdtts9 for AamwtiOB,

Qlemd5d, Ohio, .7mw 1, 1949.

1, )lnoIxIll, J. W., ad Cmld, J.: meomtioll Invantigatima af ma
FIW emcald mriam Rdien in thn Smlo W@al of Velwitlw.
~ical S&. mp. Ho. 17/45, ~ Ron. Ibpt., Witinh
M. O. S., Se@. 1.943.

2. ~, R., ~ V-B, c.c.,~ ~, J.: --
fercmtric StadYof tkmmamhIPbmmsIM. Fm’t I: A l%PRr-
acaio Air Jet at 60 l.b/ti = RM.5uM. mvom Rap.
RO. 69-4s, Elm. M., mu Mt., Awil 17, 1946.

3. 2ueauiu, Adolf: A llmlew of Aml@iaal Mthcds fcm the TlW8t-
mmt d PILm with rota- amks. ‘W2A m lm, 1349.
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-1. - Repm84nt8tim of flm with detmhed ~ouk rave
4 notatim Uaud in eJEil@a.

(a) Well-defYmd shcnldars (plane m kxialW rfnmtiiO ).

...<7?5-Arc
Flaw M&es tiU.y qmetcio bcdles

(b) Gra&ally.ourved bcdiec.
“ .*

FIS.UW S2. - AP~te looaticm of b~ smdc mint.
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- IwGem&utian 0$ Kmie polntm rlm plule Unmtric
bodies at angle of a-ok.

4 -
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71
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X-x.

4 YSB,l ~6—

18 x-q

YSB,2
i?

G
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\
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I ‘. .*

Flgm.e 10. - Pmdloted relatim bctmen detached shook am! bcdy
SCdO points for ~mn~ti b- ~ YSB,2 - W %SB, ~.
~ = 2.0.
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