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The etroq-ahook, poiD.t-soune:-solu:tlon and. Qherieal 1aothe:rmal listr1· 

butlou wre uee4 aa initial oon41tiou tor a IRlMrteal intep-ation o~ the 

clitferentlal equatlODS ot ps motion 1n ~ tea. '!be ·.von Beu.ao• 

Rtehtllywtl" art1t1o1al v1Hoa1t7 V.. em»lOJe4 to aYOid ahcok 4iaeont1nuit1es. 

The aolutiou were earr1e4 tram two thous&Dtl atmospheres to lese thaD ODI•terrth 

atmoapherea peak overpressure. Results 1Delu41J cmt:l'Pfttasun, 4enslt,-, part1ele 

veloeity, u4 poaitlon •• tu.Detiou ot time u4 .,.... 'l'ht 4J',aaaie pressure, 

the poait:lve Ul4 neptiw impulses of both ·4pud.e Pft881U'e u4 statio Oftl'• 

presalll'&, posittw aDd apt1w dvatiou ot ~aaun aa4 wloe1ty, and shook 

values ot all qvant:ltiea a:n also deseribe4 for various tbaa aDd n41al. 41s'ta:aeee. 

ADal,-tieal a.pproxbatiou to the nW!IItrioal results are prov14e4. 

I. . Il'l'RODOOTIOI 

The poblem ot a apherteal blast in air baa 'been aol't'H anal.Jtleally tor 

au-oq shooks :1n an· 14eal pa 'by J •. YOD lfeaenn1, an4 tn tbe weak shoelt approx:l

uation b7 H. A. ~the~. ror 1ate~41ate reciou it baa been tOUbd neeeaSUT to 

resort to nu.r1eal matho4a. The avail&b1llt7 of hllh 8J8M OOJII.PUtiDI aehirles 

has lll4e poasible the solutf.c>n ot th1a prol!tlea in the :l.ntenacliate rup vith 

eol181derable aaeuraoy. 

Two other crCNJ8 are eurrentl-7 eqqed 1D. pertond.Dc tl!lia work b7 iDd.epntlent 

•thode. UD4er J. Von Je-.un u4 H. Goldstbe at Pr!Dntoa a ahook ttttiq 

•thod baa been emplOJ'ed. Tb.e 41ttereaeiDI methocl of Peter .Lax
2 la beiq used. 

at New York Un:l:ntrslt7 'bJ' 8. Lovell. 
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·· '!'he •thod uaed 1D this ,...r 1a ,._.-to 't'Oil. !fet.IMIUl aa4 R1ehtJQer3 and 

e~~p10JB an artificial v1eeosity as a -.haldem for avo141q ahoek-tront 4111• 
. 4 

oont1Du1t1es. Prnioual.y T. s. Walton reported so• results uabs thie •thocl 

aDd a.n 1nit1al iaobarie aphen of about 13 atmospheres. 

The 1Dtearat!Dc proeeaa eoaa1ata ot tM atep-wiae solution of titfereuoe 

et,uatiou vbieh apprc:Dd.ate the 4ittennt:lal •tuatiou ot motion ot the pa. 

In OZ'de:r tar auoh a p.rceecl:an to be workable, hcvever, a ll'Uiiber of praet1eal 

eonct:ltiou IIW1t be eatutie4. !be 41ttenaoins nh•• .aat 'be stable, JIIUt 

otter reascma'bl7 4eta1le4 neulte, aat eoDH:rve a_.r1eal a1pifteaaee, awl wben 

p\lt tn the fOI'Il of eoaea 1utnet1ona tor a hilb·8PH4 eOIIptlter' JltWit 'be :raat 

eaoueh to :reaoh 4estre4 scluttcms with a reaaoD&ble expead.iture ot -hiDe tiDe. 

In a441t1on, Maline pttobleme ariee t.rom. the vide ftDI8 ot nu.riOel ftl:aes 

tbat mu.et be &eeommoclate4. :rvthermore, the eontinual taereue ot shook ra41u 

requues some reeurrlnS ad.JUstDeds 1n ao• n\UIIber ad aiHe to .PftHne a 

max1mwn 8JitOUilt o:r iD:tor..tioa :l.n a limited. !NIIber ot liOD.ea. ID. tile end, Mftral 

eompromiaes .at be worked bet1if8en 8\10h ocmtliettac Nftube•nts u the Me4 tor 

t.Ntuent printed or ee.N-puuehed recorda ot the prepesa ot the p:roblem ad a 

desire to m1n1JB1se the _.hU. tila inTolved in :printiDa ar pUDeh:btc. 1$S.1larly ~ 

the usire tor amll scmea, ahar,p ahoek t.ronta aa4 amooth results 1a 1Doou1ateDt 

with the ••4 tor l.arse tiM etepe and 11a1te4 apaae pot.aU. Fw a~lltt.tr, 

these tint problema wre. done with _. hOiql'eMoue ideal pa (eoutaat apeeitio 

heat ratio, 1 • 1.1&.), u4 t~ the abaple bitial ooD41tioDa of either tbe etroJII 

ehoek po!Dt aoaree · aolution1 or an iaotheral· aphe:re. • 
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'!'he ·:t.apuann e...-tiou ot 110t:lo• ...,. n4u.ee4 to 41Dau1oalesa puu.tera 

vheNh p.MaaUN (P) 1 tleu1tF (J), u4 Y8loti't7 (u) . ...,. •&811N4 in unita of 

ambient pntaure (P0), aeutt7 (,.,0), ut 80'tm4 ytloeit7 (00), reoeottvelJ'. In 

the tollowta& 41 .. uee1oa, the pre•awe viU tntuelltly 'bl •xPN•aa4 b. atmospheres 

vhere oae at~ 18 4etile4 aa ...-.1 to tbl p:n-ehcek uld.ent ,.,._ .... (P
0

),. 

WMre <tbe eQHaaton !J!!'IUI._.. (til) 1a uae4 the re:tere110e is to ~the preasUN 

ta atmoaphdtea 1Ja -••• ot tbe uld•!d p.nea\ll'e (P 
0

) 1 i.e • 1 Q • P•l. We aball 

ocmtta\18 to· .,.alr. ot a velce!l:ty (•), hovever 1 vlutn 1I0ft ~rly w ld.pt nter 

to. !!!!l·!!!!tr (u). !be n4ial u.-.. r(:ro,t), , •• .,.,.. ... 4 lD eMJV'• 

re4uoe4 cJ.taluioJUeaa Ulllte (r 
0 

'be:bc ~atp-.q:eu diatuoe, an4 t 'tlw tt.) 1 auoh 

tllat 

(1) 

(2) 

Etot S.a the total blut eaer17 u4 Blnt :te the QMitS.O intenal enere7. Tbe 

au'btnete4 tersn npnaeate the pre_,h...,.k btei'Jal eaeQ7 of the sa• eDi1J.].te4 · 'b7 

tlli ahcek, u4 I 1a \he ehoek n41ue. 1's- (t) la defbe4 1D 4illaa1oaleea tm1ta 

( t) eueh tat 

!.'he artjjt!oial v1etoa:l:t7 (t) 1 vhieh .,ta like a pressure, 11 in UDita of the 

pre-shoek ambleat Pft181JH (P 
0
). 
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In the• unt'tal the ~- •tuatlou or motion ...,. . witten u tollowaJ 

~ ~2 0 
M • T ~ (P + q.) (JIJOnautua) ' 

I· *I c, • <, • 1> .,1 

In theM ·ep&t.1ou the~- ~ialJle ia taken to 'be x • l/3 (1' !•>'· 
0 

(3) 

(4) 

(5) 

(6) 

In It• 5 (taeriJ eouenat1oa) the tnterll81 eaer17 tor aa ideal pa baa 

'beenued. 

(7) 

AD. apprOpriate v1aeoa:lty tO'f' thl •••• of an ~ward. ~ Qhttrieal ueek 

wave ta the tollow1D11 

trbe~ta l:t& 1a the grf4 stu u4 M 1a the maber ot arid. sOJMta in the ahoolt. troat. 

!be ten ott ehoMD here ia baaloall7 afldlar to the,.t at w• leaau U4 Rifahtla1er, 

au4 eattettea atmilar eOD41t1oaa for the spberS..$1 eaae. lloweYW, t11ue le no 

tOII'ftdeat 8tea4J'••tate aolutloa b1 wbteh to ullODIItrate the tODIOtioa ot ftriablea 

&a'oas the shoek, u4 the ton aho•n hen 1a oalJ' &IJ~~Ptot·Seall.f tbl ... u a 

"Nrlfie4 font tor a plau proltlem. 
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'l'ba ta.et that the plue ton approxiMtion 1a 8004 tf# shoek thielmeaaes 

wllleh are aall nlattve to the shook ftdtue 18 'bone out by the oloae asree• 

ment with a abd:lartty aolut:loa (with t) tnveat1p1sed b7 ll. Latter5 1n vtd.eh 

he solves m~Mrieal]J' ilhe naultbc or4i.Jial7 41ttererrt1el. equatiou tor eases 

ot inteHat to this p.roblea. 

'1'he part1eular form ohoeea tar the riaeoalty has the li4vantap that it 

eoatr:l.'butea aotld.Da :l.a ftliou ot .... :ton, 8114 ie non-Mro only 1rt the oOIIPN•• 

elo• JMn ot a eb.ook. . In ~- eoorctiu.tea thls bas the ac!Yutap ot 

elild.DatiDI a QnJrioua eontri'butioD aear the or111D when the poattiw veloe1t7 

sndient ia larp. 

'the art1tteial. YlaeoeltJ' 1 .bttbl easeat1al)7 a 41ftu1w ..-ai8lll, •7 

tone OM to uae .. eeslTtl:r e-.11 time iuen•Dte 1n CC'der to aehine s-.oth 

reaulta on a :f'be apaoe p1.4. 

~.copm• 

!we .. Mftl tJpta ot tn1t1al eoal1t1ou wre taken1 (1) a po:l.nt•lftfte, 

aa4 (2) aa ieothel'llll 8J)Ien. A polat•sou:ret •••• waa 11m 1D the _..teat le~h 

utnc the •oa meu...a atroa&-ahoek eolutiea bea:lwdna at 16oo •tJI08 shook tn'er

pzteaaure, ani rwmlbl 4on. 'o lee• thaD 0.06 atmoa. !'he pob.t•s"""e aolu:t1ou, 

startiq at 199 atJBOs Jll&k Oftrpreall't.I:N, was uaea to ata.rt the,· Ollfll, problem oarrie4 

out on tbe ORJ>VAG -hiDe at tbe Balllattee Reae&Hh ~toriea, ~l'tle4tD.; 

lfUylu4. TJ:ae lattttr problell vu ra to 1'18U'l.J' 0.1 ,atmoa lhotk ovet'pN:anft. 

The polu.t•aouroe solution wu alao uee4 :fbr •tarts at 473 u4 818 at•• aboek 

ewtl7fteaure, a.a4 theae PI"'ble• wre nn 40WD to J.tea tll&Jl 100 at•• peak 

!.t1fttt teo~-sphln type probleJDS haw been run eo tar. !'VO ot theae 

bttsin with a hot iaotlleftel aphere :tor vhiah the cteu:l. t7 ia the ... :t.nat4e au4 

out. Ou beau. at 2002 atmoe, the other at 121 atmoa, overpreall\lft. 
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One cold isother.mal sphere was also used, beginning with 121 atmos over-

pressure and a temperature inside equal to the outside temperature. 

These three problems were carried down to shock overpressures less than 

unity. 

Numerous shorter problems were also run, principally for the sake of empirical 

checks on computational methods, or in amplification of special features of the 

previously mentioned problems. 

Short plane-geometr,y problems were found useful in checking the validity of 

various computational tricks, and in studying the effect of certain changes in 

the difference equations. The effect of the size of the viscosity constant was 

also more easily studied in the plane case. Time increments smaller than that 
1 

prescribed by the Courant Condition (ll'C = (pp)~Ar} by a factor of 2 to 4 were 

found necessary for s.mooth results. In an attempt to reduce the required computing 
6 . 

time the stable differencing scheme of Du Fort and Frankel for diffusion-type 

equations was employed in place of explicitly carrying a viscosity quantity (q). 

Unfortunately such a scheme has some practical disadvantages. It requires carry-

ing throughout a machine calculation sets of data for all space points for two 

different times. Further.more,. computing, changing time increments, and combining 

space points all become more tedious. Besides these disadvantages, additional 

terms must be introduced to correct for the excess energy introduced by the 

differencing scheme. On the other hand, the very general nature of the viscosity 

method, the ease of' its applicability, and the precision with which it reproduces 

the Hugoniot conditions across a shack would seem to offset the more stringent 

time requirement. Use ·of this method for non-ideal gases is not considered in 

this paper, however. 

It is frequently convenient to use tmequa.l zene sizes. For instance, the 

use of small zones through the shock front pr0vides a aha~ shmck at very little 

cost in computing time. The use· of such unequal zones was em.pirically validated 

in this problem by repeating calculations with quite different zone choices. 
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'!'he •1• ot the tt. ~ate vare auto-.tteaU7 clou'bl.e4 vlleMYer tbe 

stabtltty eo1141tiou vou14 allow it. !'wo ooDtlit:l.ou n:lat, cme Mire tbe usual 

G~ CoD41tton &lll the othea- a 41ttu1oa-.t'-" oo:a41tion 1Ja»oM4 b7 tile ut1t1e1al 

v1Moa1t7 

(9) 

!he total ••rv 1D the blaat • ..,. llWit be eoaserve4, b-.t a eheek on the 

total eDttr§ is not a ft'117 eeui't:Lw teat of 'the •~•• of the resUlts. 

Beftnl .. hiM enora vue clettote4 (an4 el11rtbated) wh1eh 414 a.ot su'batantial17 

ettee'lt the total •Mrl1• The JDOat reliable ebe•k •••• to 'be to n.ru.n a problem 

vlth 111».or alterattou. S•h a n...run aot only oateJJes _.,!Wie errors 'but aerne 

to ..... the los• ot elp.lnea.noe. lJ'nfortuaatelJ' this Pftleetlure :l.s eoetl;y of 

_.hiM tt.e, u4 a ·~•· 1Di811t be ~d wheN by t11e aohiae 1s tutrueted 

to 40ultle eOitlp\fte aa4 oheek itaelt •ftr't o"le. DoUble oQIIIPU't:l.rc ei.BD.O'\ elimi:Mte 

ft'.t'Ors tn atoriftc or tnu~rrt.q, howver, Ul4 oa the pt.l"tleUlu pro'blea reported 

mare. the ayatem eliPlQJel wu to baek oft eat n-rua whenwr aueptotou abeft'l.tlou 

oeeurNcl u4 to re-run ana. •OII*ft the eu:tlre problem. with a different COM spaobs, 

dtt:Nnnt Ttaeoeit;r, aittere·nt tiJM lDere•nts, u w11 aa 8018 Utt'ettuea 1n 

tbe 4lttenllft etU&t:loDS. 

DJltJ9!UE ·l9lJ4!IOD 
'ftte 41tterent1al etuat!ODS are app~oxbate4 by t1Ml toll~ cl1tterenee 

efl\lat1oua 

(10) 



IIX. . J!ElA! . or. liQMIRlC£ f9lf!'£ICJ!1 
PJWC OVIRPB8UII (P

8
) VD8tJ8 IHOOIC RADIUS (~8) 

• 
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(11) 

(12) 

(13) 

(14) 

(l;) 

1'be. Bti'ODI-4hcek JOIDt-aoune solutta provi4ee tlaa' the lhoek ove:rpftaaure 

(.61'
8

) ah01114 ae,.DA on tbe iJmJree ctUbe o:r the shce.k :ra41u (~8). The ~lema 

that wn bepn vtth stroDC•Bhock, po1Dt-e0\l1!'Ge values eont:l.liued. to obey the 

inverse •uhe. lav down to 10 atllh at whioh point the O'llti'Pftaeure ba4. beeo. 3 

»•neat bJ,per tbu. the atreDS ehoek pnclicttoa·. 1'be a441ttoa ot 1 ••11.08 to an 

illftf'H.· "'* term s;iwa a relation val14 o..:r a pe•ter rup ot CMJrpreaeures, 

4evtat1q fr011 the oal.oul.ate4 e~e by ~·• thu. .5 peneat at 5 a.tiBbl. 
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(16) 

The ehook r.4tu .. .,) -s.a. b \'h. 4beD81ellle•a lmtta (•..r17/Pft&8ltN•N4UOe4) 

cleeo:rtbe4 in seetiOD II • 
. ' 

1i p • ~· + O·r2 + 0t262 • 0.019 atse , (17) 
8 ~. ~. 8 

. tar 0.1 < I!.P 8 < 10, or e.26 <: ~. < '1.8 • 

For all the oaloulat1ona be IUD with a stroq~eheok · tbe ao114 eurw in 

Fta. 1 pnaenta the peak cwerpneiUN aa a nuJotlou ot thetk n41ua. 

!he 4aehe4 ._.... repreflea't the ,. .. overpne811Ha :naultbc from tlle hot 

1aotheral apherea vith aoral 4eu1ty lntld.e (tteahmiltc at 2002 u4 12! atmoa 

onrpneaUN). let foe that the 0¥'611'ft88Ul'e Meo.a ia41at1Dp1ahable ·from 

tbat ot the avoaa ahoek at a ftcliua vhe:re the mua of as.r eJqptlfet4 b7 the lhotk 

la 10 tt.• the Wt1&1 mua. ID the avoq shook :reatoa thia e01ftapcm48 to a 

drop 1D werpnaturtt to about 17 pew•at ot the lld..tlal 'ftlue, u4 ira uy ..... 

to • nd1ue a little JIOI'e than twioe the Wtial n41u. 

The dotted. tune repre•at• the Oftl'pftaaure from u Wtiall.J eo14 lao• 

tho'Ml. QheN (n--.l te-.en.tu:te, hl&h preel\lft). :Btoaun ot the 1lowr 

rantaet10D Qee4 ·the ehocak psteaav.n ••• not riae to the pcd.at-at"JUNe val• 

wrtll tutte late, t.e., 1lllt11 the rarefUt1on wh1eh move• 1D.wut. from the 

Wtial preeeve trent baa te&elld tl\e e·enter. 

In UOb .,_.(~of aa Wtit.l. laothe~ Qb8n tlwn are ao. aliaht osotl• 

l.&tloae;~abou.t the pobt ·ao111'8e atft'PI'••...re e1&l'ft wld.eh are eaue4 both b7 

NNfaot:l.OJJ.S .... e-.11 •hoeka vhitlb. ton beldJid. the tNitt ahook, mont 11lwu4 

IUI4 retleet oft tlte ortciD aDd. then JiOYe ou.t to cmartake t• ehcek troat. 

(lee a later 4laeuae1on ot theM QeOial teaturea ot tile aphen proble•·) 
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PBAK DYIAMie PUIIURB (~) AJD PBAK PAWnCLB YBOII!r <•,> 'IBRitJ8 .•BOCK lWmJI (~8 ) 

fte P&'rtiale veloe1t7 u4 tile ,.U Jft&&Uft at .. tM aJlot.k t.I'Oilt tellov 

preeleel.7 the BucoDtot nlatloa, 

!SAP, 
\l • . ... 

• ~49 +~lAP • 
(18) 

The partiftle w1oelt7 tollwa ita stroaa•ehook 4epeD4e•• oa ehoOk ractiu dovn 

to aa low aa OYel'JN&anD'e u 1/10 atJIOII (718. 2) l in taet u adel"&t• tit over 

tile entire raace 18 pvea by the tollovlrca 

·3/2 " • 0.30 A.. • • 8 (1'9) 

'!hb ei~ tora 1a retlMW b. t1ae peak ~._PlM••ure (~ • 1/2 p8 •!) 
vhloh tetlla a~t tuter thaD a ia.Yene eulte law ana to etual17 lew ehaek 

pnaeurea (Pic. 3), b slew 4ttenue 1a ahook deult7 ftroa 6 t~ aVOJI8 ehoeka 

to o• rw we&k aheeka) le reepoaeible tor tllt 4eo&7 Mi .. ...,. .. thu. the inverM 

eube et tbe ahoek ra41u. 

PlUBIUII (P) V.atJI JAGIAIGid DII'l'AICI (1
0

) 

'1M JNaeure behiD4 the ahotk van 1 8hovD Ia Fla. 4 u a faetioa of the 

:r..cruaeu (or Wtial :poa1\1on) Y&riattle, ftWu the •troac.,J&oU ton uatll 

ttd.te low peeauna. B~, for e-...ple, that the ratio ot eeatnl :PNJIWtt to 

ehoek PftiiNN re-.tu 37 pareeat 4ow to 20 atmo1·,U4 .._._. •lowly below 

tbat to 33 peroeat by 3 atmoe. Be)'ODII 3 .a'tll08 a aea&tiw pllaM deftlops with 

<tu PN••un ta111D& ·to aa lev •• 0.8 atiiOI -... the eeu.tee-. 

In FSC. ~ tbe ~- poaf.t1ort if pwta 1a ·aft:Lti'Q7 ualte (10 ), 

H'latd to tba 41meulollle•• ua1t (~0) lq' a eo .. taat .alt1plier1 
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It .,. belp in TtaulisiJtc 4:llaeu1ou ~o UI'WM R
0 

to be ia eentt•tctriJ t:Ua 

the eornepoaU.q blut eaercr will be PM that ot 100 lba. ot !1ft' (4.2 x lo15wsa). 

PAR'l'ICLW VILOOITY (u) JQ Dlll:m (p) VBBSUS LAGIWfOBAif DIS!Aift (R
0

) 

Pip. ' &D4 6 lnd.iea.te the proareaa1on ot :putiole wloo1t7 U4 denaitJ 

•• 1\uletibna ot tbe Le.craaaeu. position. Aca1D tbe ltrODC-ahoek form ts 4om1Dant 

watU aa low u 3 atmo• of ehcek onr.pl'eanre. 

!be paftiele wl.Oolt7 trautone pactually frOm lta ftrJ' l:I.Mar term tc cr>M 

muoh like the OW17ftaRN at ~- 41atuaeee u the elloek wave soeti from strong 

!'he 4eult7 1 w!lioh in tl1e IVODI lhoek · ia MH ·at the o.rtcP1 ilgtl)r1Dc an 

1Dfta1te tt..-ntUN, n.W uro there atDn ao . meehaJd;fJi il tae1114e4 <~o 

eol'J4Mtlo11 or ndtaU.OU.) tar a.eipattac this hlp tttmpentUN. 

'lU ._uitJ' trotUu 1D l'ta. 6 ...,.,.seat atroDfl 1hcek lldtial •oa4ttiou 

at 200 atmea shOOk preaeure. !'lit 41p in the e\'II'Yea tllt.t sit at the - ••• 

po:brt (lt
0 

• 150) ta 4• to Uta eud.un belua1oa ot a tiaite atlacaphere ahead 

of the llh~k, i.e., 4• to t1ut ab~at ot th• aVOJia•ahotk (1Dtlnlte pnan:re 

otto) aal'tllll'iola at tut potrn. !be Bqotd.ot re1atiou &iTt the ali.Ook 4anei tr 

b. . u:rms ot the ahetk PN•tUN u 

(21) 

Par • ••• eltotk (P • GO) the "-•it7 ntio la st. (., • ,, , 'tnat at -two 

h'Wt4re4 at.,. (P • 200) the ..att.o 1s CDl7 5 .e;s. 
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Tbl atroua ab.cok eolu:tion l8 4erS:ve4 on the aaiUIIf'tioa·that the atmoapJ:aen 

ahe.t ot tbe ehook vaw has Dls11s1ble etteet. '!'be etf .. t, vha D.OD•rM~slisible, 

:ls to raiae thl 'Mmptn'hn iilatovp tbll elloek to a h.'Pe:r 'f&l• than that -. .. n 

b7 thli stroDI ellook aollltf.oa, i.e., a t1D1te aheelt ia !ae'btflr t11an voul4 be 

prediote4 'b7 the •atrouc-ahoek" the017. 

GAS VAlliABLII M A !ll!Rm! OF l!!l.!eglA!f. ME• (~) 
The prualJN, 4eutt:r, eoJ~PNeaioa, u4 Jart1ele ftlotlt,- an ab.ow.D. relatS:ve 

to their peat or aboek Tt.l.uea aa f1m0tiou ot the Eulerian poa1tion (4) in tria. 7. 

!be atroaa ahoek form 4om1Datea the f't.nt two eet11 wlaile the lat•r ~· ahov 

the obanettn:-iltio poeitlft pllaae tollOWd .'b7 a loapr1 wake ne'*tiYe phase 

u4 eventual.l7 'b7 a :return to aear pn-ahoak values at the orSCtn. 

!'Sil!.I'll .t!R l!ri6'mll rayJJ ypsps piSMI 

The ct.ur.tlODII of the 'PQii'tiw pha•• tor pneeure u4 puttiele veloaltJ an 

ehcvD. in Pia. 8.. Althoulb these 4un'tiou 8lt0Ul4 app_.Oit4h 'Wle ... ftl.• at 

larp cU.ata .. s, the7 atill 4Uter 'b7 7 pereent at a disteaM of 4 • 3.0 (AP
8

• 0.()9). 

.. !he tiiUn iDtU.oatea Olll.V the ~-· for tla polnt 10\JrP aolutioa.. 

'.ftwJ 4t.rratiOD ot the nep.t1Ye pt-ea8UN pbaae (D;), ual ike that .fd tbe poa1t1ye 

pllue, is aeatiy w.,.D4ent ot cU.•taae.e, Q4 hu an • .,..... value o:r 1.22. ~ 

Mptive 4urat101111 aufte:r eouavbat troa loea ot D.llllfl"inl e1pitlouee at late 

tl~ea in the otJ.eulatloa. 

'fDI !l£!!DIIICB or ~raa 
In Ftc. 9, the o-..rrfta ot preaave ft:nu t• at va.rloua 4.iataaee• an 

SiftD in 'd.lta Of the peak onrpreasure ab4 the poal't1W 4un.t1on in ord.er to 

Uluat:rate the • .._. ta tl:te rate ot 4May 'behia4 t• shoek. At :lae"uiDc 
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4:leta.Deea the ctrop lD. preasun :La bOth nlat1ve17 .&114 absolutel7· slower ai.Dee 

the toe1t1w ,..,. duratiOil is also !Diftubs. Apia, tblae •\ln'es are tar 

the polnt~oune sola:l.oa. 

An upo•nttal. form approxhatee the tt.me deJtl'J4eDte ot tbe pneallft pulaea 

(22) 

Here Z ·ta the tt. after lhoelt a-rrival 1D uutts ot poettlve duratioa.,AP 
8 

la 

the ahoek O¥el7ftaeurc~, and a ia· b4epeD4eat ot z. Thil form le aatiataot017 

tor overpraa'tii'Wa leal than one atliiOepbere (~ > 0.7~), with the ooe:rtieient (a) 

apeeittet b7 

a • 1/'2. + Q , AP .:S 1 
8 8 

'(23) 

For shoek ovel'.Pl'flasures peawr than one atJDOaphere the deeaJ ia not a 

abrple eJC.fOMDttal, a bee the early portion rectuirts a J.araer a than the later 

Je,rt. Allow1D(l ·~ •·cetftoient a to 'be a tuzutt:l.on of the time (Z), it Jl81 be 

Qtrod.-te4 h:y 

f'orm. 

'Where 

a • 1/2 + l:il 
8 

[1.1 - ( .13 + .2 t.P
8

)Z] 

. b 
O•&+I+if 

a • {· 0.2.· 31 ,+ .~·388 AP.J'• 0.0332 Ail, tl'Or;AP~ ~ 10 

o ,ft)r .. AP,
8 

> 10 

'b • r ~( o. 88 + o. CY(2 .6J) ,fbr:~Alt~ < 10 

l ~( 1.67 • o. 011 ~" /text·$~ :). 10 

e • 8.71 + 0.1843 l!P• • 104/(AP8.+ 10) 

(211.) 

(25) 
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The t:L• 4QeP4eDte o~ the preaaUN b the •pt1Te p'bue •7 be appra.&imated 

b7 the tOI'II 

L ( ) -4w~ AP • 1 ... llP c.o 1 ... m t ., ·:tto:r 0.1 < AP < 200 - . (26) 

time •UlJJ'ed troa the ead ot the poe1t1w phue 1D unite ot t~ nept:l:n phase 

4urat1m (D;). A IRON aeeurate fit vou14 allow the ex.poneat to deoreue to zero 

u the &hoek atrttqth soe• to zero. 

Dl'IAMIC . P.RI8IUBI !!'§!!~ TXMI 

Of tat•nat al.eo ie the fora of the k!!f&!! W!•!!!! (Q • l/2 pu2
). Time 

plO'ta of thi1 hrletlon a:pJMtar tn Fil• 11. These turves an alao DOra.l:l.sed1 

but wti:h. the poattiw cl\ll'at101l: of the Ja,rtlele nlce1ty (D:) (Fq. 8), and the 

peak value ot the 4~ pressure (Q
8

) (Fie. 3). 

A stmU.ar expoMnttal tora approxilates the 4JDa1e pressure, 

(27) 

Where I' S.s in4epea4ent of the tt.. (Z) tw ahotkl ot leas tbu o• a'tmoa peak 

overpreaeure (AP
8 

< 1). TJae aoetfielent .~ eha.Dpe with the ahoek atnn~th, 

howver: 

Where the &hoek lD n~, a 110d1fieat1on aimtlar to that s!wn in 

lq. (25) ~or the tmJr.Pft81UN ia a~iatcu 

t 
f3 • 4 + l+ll 

'

0 >ill > l 8 I 

4 *{"' 1-33 b,P. far e.~ 3 
• 5•6 + 0.63 AP8,:rr.!}< AP 

8 
$ 10 

0 for AP
8 

> 10 

(28) 

(29) 
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and f = 6.40 AP s 

These approximate forms agree with the numerical values of Q and AP in 

the positive phase to within 10 percent (and over most of the range to less 

than ~ percent) for values of AP less than ten atmos. s 

POSITIVE IMPULSE 

The integrated positive overpressure (I+) and the total positive drag 
p . 

pressure cr;) decrease with distance from the blast source in the manner shown 

in Fig. 12. D+ 

Jp 
AP(t) dt , 

0 

D+ 

+ 1 r r: 

I~ 
::; 

2 
puj; dt • 

0 

+ (Because of the units employed in this paper, Iu d~es not become the usual 
p 0 c. 

dynamic impulse until it i:a multiplied by (5' = P 0 0 
) 

0 

Both of these impulses may be fitted by simple powers of the radial 

distance for shock overpressures .less than two atmospheres; 

. ·1 r; = o.o43 'A , 

NEGATIVE IMPULSE 

AP c 2 
s 

The negative overpressure impulse in the range below 20 atmos of peak 

overpressure can be expressed to within 5 percent by 

I- • ; AP D- • 
p c, - p 

(30) 

(31) 

(3k.) 
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Since the duration of the negative pressure is constant at np = 1. 22, 

:rp = 0.61 6.P- • (33) 

For distances greater that A = 0.5 the negative peak overpressure 

approaches zero inversely as the distance 

o86 -1 
~- = - 0. A , A > 0.5 , (34) 

and the negative pressure impulse goes approximately like 

(35) 

SPECIAL FEA.'l'URES OF THE ISOTBEBMAL SPHERE PROBLEMS 

In the gas dynamics resulting from the release of an initially static 

high-pressure sphere, an inward moving shock forms behind the rarefaction 

wave that first runs in from the surface of the sphere. This inward

directed shock was predicted by Wecken 7 and discussed by McFadden 8, Shs.rdin9 

aJid others
4• It does not acquire a net inward velocity until the raref'ac• 

tion has reached the center, but after that it moves in and reflects at the 

origin, and then races outward to eventually overtake the main shock. 

This second shock grows from zero strength to presumably ·an infinite 

pressure ratio at the. origin. ·On reflection, this shock· moves outward, 

decaying in strength about as the inverse tirat power of its distal'lCe from 

the origin. The general. expansion and outward motion of the gas behind 

the main shock is resp<:>nsible for this apparently modest decay rate. 

When this second shock encounters the outer surface of' the gas that 

was initially inside the sphere, a. transmitted shock continues out and a re-

fleeted shock is sent inward. The transmitted ahoek overtakes the main 

shock a:nd. increases it by as m.uch as ~. Progressively weaker shocks 

16 
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follow from the reflections at the interface and q;ain at the origin. This 

repeated shocking of' the gas near the origin changes the temperature prof'Ue 

at later times from its initial isothermal nature to nearer the point-source 

distribution which is characterized by a high central temperature falling 

of'f' rapidly with radius. 

Some detail is lost 1n the vicinity of' the origin since the shocks a.re 

always spread over a number of mesh points. In one case the problem was re-

run with mesh sizes about one fourth the original size, and the inward-moving 

shock showed some appreciable discrepaney near the origin. However, this 

discrepancy may be attributed mainly to the dif'f'icul. ty in identifying the 

shock when the rounding is comparable to the shock radius. After reflection 

the difference vanishes again in spite of the quite different histories near 

the center. 

IV. CONCWSIONS 

POINT SOURCE SOUJTION 

At increasing distances from a finite but sudden source of energy, the 

resulting blast wave will appear more and more like that from a point seurce. 

The blast resulting from an initial isothermal sphere of gas at rest will 

assume the general shape and values of' the point smuree solution (to within 

10 percent) atter the shoek wave has engulfed a mass of air 10 tines the 

initial mass of the sphere. Prior to this, the shock strength is less than 

that of the point source shock, and tbe inward-traveling rarefaction bas not 

reached the center. 

17 
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A pout aoune ebould leaw ·a hlcher· t..,.rature aD4 eouecrueatly a l.arser 

peroente.p ot e:aeru- Mar the ortatn. !hie euer17, ao loapr an.Uable to the 

ahaek waw, eh0lll4 effeot a ncluet1oa b. the ahcek n41ua ( to'l a. aiwn cmtr• 

preaaun). HMNver, no e.ppreeiable 41ttenDee ln the lov .. D4 ot the ahoelt 

overpressure ..ra4lua relation appears on eompa.rbc the point aouroe aD! :laotbtral 

epbttre eolttt1ou.. In t•t,. perbapa due· to DMl:tlple shoekinl ot tbe inner naiona 

tn the iaothe:rmal &phew probleu, t!ut 4ietr1wt101l ot nelclual enerslee (per 

Uit YOlUM) aD4 pN88l'IN8 are Marly i4ellt1oal arCA1114 the oriaiD t.t a tbe 

wltea the ehoek baa PJ'ocreeee4 to 6 or 7 tbea 'the :I.Ditlal. n4iua. AlthO\IIh 

teiiJ8raturea vtU n•b. dittereat, a:I.Dae the :point aovee.bas a11 1D1'Wt• 

tempefttve at the artc!D (8114 uro deiUilt,-) 1 the avenp te.,.rature (or deuit)") 

ot tb&t ~&• w ttal17 l.r.utide tbe lsotb.enal sphere approaobea ( withiD 10 pereent) 

the: aTerqe te.,.ratu:re tor a oorrea»e.S.:I.Da ••• arO\U.lCl the. po1nt &OlD!'Ie. 

For a eoune ot eoaai4eft.ble initial •••, the ptak pnaa'll:re .,- 'McOJe 

tut'te small 'betere ·the ahG~~k iud eupl.fed a _.. of ps 10 tt.s lu-lft', &ad. 

the 'blast -- uay., therefore, nmda cuite clS.:rtennt t:rom tbe point aou:ne 

solution thro'ulhout reatou ot 1aten•t. lueh la the tue to sae extent vith 

h1Ch exploaiwa W.re lrd:tial Ohar&e shapes will 1Df'lueDH tM blast wan at 

all etpttteut pnaaUNa. It 1a true to an 8ftn peater e.-tent tn the Qber:l.oal 

etuivalent ct a ahook•tu.be t,;e ot blut1 vhare a sas . at hiP Jn•nre b\lt at 

acral te.,.rature ia auddenl1 relJtaee41 aa :In the .,.._1 te:apara1nJN laobarte 

epllertt proble• (4otte4 eurw Fie. 1) c!esorl'Hd in SMtloa I. 

@?J:l!N£l01 !0 BY!! J! AI!t 
. '!'he icle~ sa• aa11J.111tt1on 1e nuoaably valid ln. air tor ahoek pnaauna 

lese tban 10 at••· Above t!l&t the p-. in the tQreseton for tbt 1D.tenal 
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•••u (Bq,. 7) ruaea 4ovn to aa low u 1.133' and. up to till JDOno-atode value 

crt 1.667· 

But aiDH the au ot pa vht.eb hU experleMe4 ahoeka atroqer 'tbu 10 

atmoa !a a ••U part (5 penent·) of the erculted JaUe b,- the tiDe the ahoek 

OYel1'ftaaun ta 4ow to 1 atmoe, tbt blut vave tor ooutant ....,_ ahoul4 'be 

reaecmahl7 e_,.et 'lor air at ••t s.ntereattq atlook l'N•sures. 

Ill tile eue ot aheok waw Pl'Oble• inYol'f'ttsl oral.y oae apa.ee variable 1 

the ,vt1.ftetal v:t.eoelty teebJdtue tor -rteal t.D.tepatioa appears to be WJ17 

eatistut017 over l..a:rp ruaea ot prean:N u4 entr017 ehup. tli.l1\)rtUDately, . 

:lt ea.aa.ot. 'be e21,J80ted to 71•14 dlttails or. a ~ook wave b\t1D11Dc on a slqular 

pctat neh aa the oricia b epherteal or orltldru~ poatrJ', a1Me tlle utun · 

of' tl11a •tbocJ. 1• aueh as to spread t1lfj shook froat OV'v a Jl1IIDber of pld poiate. 

il,'tlr~;:~ 

Tlte persou partlei»atina 1n and al4.1nc the work :reporte4 on . hen are 

too -.rcua to l:latJ howver, at the risk of allahtiq ~ I •nton a tt111 

l. Latter pve aOJJI entieal atteat;J.on to the f'arDW.atlon o't tbe problea. 

Ruth ADM EJIIY&l11 I. CJreenvald &B4 other •'tbeaattetau pertOJW<l Jr!UCh_ of 

the oodSJac act nlllllrieal work. Miea ~1 alae ..,.rn. .. a aaeh ot tbl 

aD&l,-.ta ot n•'Ul:te and 1lbe pnJ~&N.tloa of CIUI"'hs. Ia aclditlon, t!Mt authOr 

•nJOJe4 tree-at bfllpful_ '41atuaalcma with other JWID peraOADel &114 oO'Dftltuta. 

'l'h18 work vu aeeoJJ.Pllahed vith tbe aid ot 'botb Au Pone aD4 Atomto 1Mr17 

Coaiaa1cm. fulda. 
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:rs.a. 1 .. Ra41al 4epell4enee ot the peak or sb.oek OYel1ftiiNft· The solld 

•~ npreMata tile pobt aeuree solution. The 4ashe4 elU"'''ea 

represent the reaul ta t.rom two 4ttteraat 1Jd.t1al iaothenal. 8Jherea, 

cme at 2000 at~DC~J an4 tbe otller at 121 atmoa, 'botb apbarea wft hot 

v1th etal deaait:y 1u:L4e and out. Tbe 4ot1Je4 eV'Ye represents 

the resultf.Da ehoek nerpreeave trom aa initial.l7 oo14 1a0bar1e 

~~~Mre vlth t••rature •t•l iuUe and. out. !be pnaauree are 

1D at1101 u4 ~ 41at&Daea :ln \Ud.ts ct (Etot/P 
0
)l/3. 

Flfl. a • Pa:ntale ftloe1ty .or Maeh llU1Iber at the ahoek u a ttmettou ot 
' . 

ahoek :rad.lu tor tM :POint aouree aolutton. Veleeity 11 ln unite 

ot the pre ... hoek eeate wloeitJ ad the raUu te ill· uniten of 

(ltot/P o> 1/3. . 

Ftc. 3 • Peak or shoek cl)'aalde · presaure ( Q • 1/2 pu2) ve:raua shook ra41us for 

the poillt eo'lllfte aolut:lon. !he ci.7Damic pnaav.re is in a.taca UA· the 

' ( /P )1/3 racl.iue ln uii;e of Etot 
0 • 

Ftc. Ia. • beaBUN 1n atmoe aa a tuaotioa of the LatlraDP or DUa poatttcm. 

ror the pcd.nt-aouree aolution at tlmta b41oated. '1'be J081tion la 

in arb1tnry untta ot (Etot/P 
0

)
1/3 /1627.21 u4 the tS. ta in units 

ot (Btot/P 
0

)
1/3 /tJ

0 
vhea C

0 
11 the pnahoalt aon:Lo ftloeitr. 

rs.s. 5 .. Partlole veloeitJ' in alta ot preehoolt aord.e wloeit,- u a ttmetlon 

ot Lq;raap or ... poaition tem tbt po.lD.t•IOUNe aolution at the 

t1•• ini:leated.. The poet'tton it 1n \U'dta of (Etot/P 
0

)
1

/ 3/1627.2, 

and 'tM tta 1a in wdts of (Etot/P 
0

)
1/ 3 /C

0
• 
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Fta. · 6 • Deult7 b uatta ot Jftahcek cleulty aa a tuaetion ot ~ or 

-• poaitioa . tor the po~•IJ0\11:'ee elutloa at • tbllia 1Dl1eate4. 

The poaitloll :I.e 1n untts ot (Btot/P 
0

) l/3/G
0

• 

Pta. 1 • IJd,ro4JDUie t..nitles ill dnite of thell' peak ftl•e u a teetloa 

ot Buler:tan or.,.... poe1t1oa at the ttmea b41eate4. ~ radiu 1e 

in unite ot (Etot/P 
0

) l/3. . fte aol~ tune• NJNMJlt owrp:reeaure 

(tti/AP
8
), the .lo»c 4uh 0\IJWS represent pa:rtlele veloelt7 (u/u

8
), 

the 4ot-4aah eu:rwe. repneent 4euity (p/p
1
), aa4 tbe abort clash 

o'Ul!"fta repre1ent eoJII'Naa:l.oa [<P·l)/(p
1
·1)]. !be eholk Yal•• ot 

the OYerpiea.,... (AP
8

) tor thttee t:.tmea are ·121.5, ao.10, 2 •. 03, 1.01, 

0.338, 0~0701 ordeh4 on 1Dereu1J11 tt... For the partiele veloeity 

tbe peak Yaluea are 8.49, 3.37, 0.873, o .• 521t., 0.216, 0.0525, ail4 tor 

the d.eutty tha peak .val.Ms ... 5.66, 4.68, 2.135, 1.615, 1.228, 

1.05e8. 

Fig. 8 .. Du.n.ttor.t ct poatttw phue tor pressure (»;) ..a ,..ntele 'ftloeity 

(D;) Yenu tinuoe (~ian) ~ tU. 1e 1D uaits ot (Btot/P 0)1/3 /C0 

aid 4ista.Me ia in unite ot (ltot/P
0

)
1/J. 

:ria. 9 ... Preaeun u a f\mettoa of t:t.• whtN the ~·BU'J.'e ·18 in urdta ot 

tbe peak preaaure (A'P
8
)(fts. 1) U4 the tt.. (IP) u iD alta ot 

the JtHttift 4\U.'atioa (D;) (Fq. 8) • !'be D\8IHn Wleate the 

•onwQOII41lta ,.u Ofti'PJI81•we• (Ar 8). 

Pte. 10 ... Peak nept:l:ve crvvpn••UN b auoe u • twatt:lon c4 n4ia1. t.tnuoe 

in uatts of (Btot/P
0

)
11J. 
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Pta. 11 • Dpea1e pneftH (q • 1/t pu2) u a tuaotioa ot t'- Vlaeft tbe 

pns8\U'fi is tn uDs.ta of the .J8U· 4)'U.Jdo preaa'QN (~) {F11. 3), 

and the tS. 1a 1D 111tlta ot ._. poe1tiw 4unt1oa ot the wloeity 

...... 

-·~cn!n:r~; ''· ~-~,.-snd·te~~-~t;r~;;.~llic l*k ·~ · > · 
' .. ·~:; . \ . . ·\: "1,: . . . 
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