
to 

O ® 
/r 

THE BUST FROM A SPH£R£ 

OF HIGH PREfSUHfi GAS 

by 

H. L. Brod«       /     y 

v P-$82 ^ Ji 

Januury 27, 1955 

Approved for 0T5 

COPY 

HARD COPY 
MICROFICHE 

-7^ ßÄno 

DDC 

DDC IRA   D 

(foxßaxatc** 
1700   MAIN   »1      •   »ANT4    »OMICA 

CAtl»0«HI A 



CLEARINGHOUSE FOR FEDERAL SCIENTIFIC AND TECNNICAL INFORMATION CFSTI 
DOCUMENT MANAGEMENT BRANCH 410.11 

LIMITATIONS !N REPRODUCTION QUALITY 

ACCESSION 

ar< 
* £ c */ 6 6 2 

I.    NE REGRET THAT LEGIBILITY OF THIS DOCUMENT IS IN PART 
UNSATISFACTORY. REPRODUCTION HAS BEEN MADE FROM BEST 
AVAILABLE COPY 

2.     A PORTION OF THE ORIGINAL DOCUMENT CONTAINS FINE DETAIL 
WHICH MAY MAKE READING OF PHOTOCOPY DIFFICULT. 

O S- TNE ORIGINAL DOCUMENT CONTAINS COLOR, BUT DISTRIBUTION 
COPIES ARE AVAILABLE IN BLACK-AND-WHITE REPRODUCTION 
ONLY. 

0   4.    THE INITIAL DISTRIBUTION COPIES CONTAIN COLOR WHICH WILL 
BE SHOWN IN BLACK-AND-WHITE WHEN IT IS NECESSARY TO 
REPRINT. 

S    LIMITED SUPPLY ON HAND. WHEN EXHAUSTED, DOCUMENT WILL 
BE AVAILABLE IN MICROFICHE ONLY. 

n   B.     LIMITED SUPPLY ON HAND: WHEN EXHAUSTED DOCUMENT WILL 
NOT BE AVAILABLE. 

□ 1.     DOCUMENT IS AVAILABLE IN MICROFICHE ONLY. 

□ 8.     DOCUMENT AVAILABLE ON LOAN FROM CFSTI ( TT DOCUMENTS ONLY). 

G« 
NBS S M PROCESSOB l:   i^ 

i 



P-92 

- 2 - 

A3ST1ACT 

The fas dynomlos re   iltlng from the rel«Ase of an isothoraal 

aphara of gat iritlally at rest and at a high praaaure are 

described bj the nunerlcal solution of the differential equatlona 

which represent an Ideal ras in radial motio .,    The re ml ting 

outward shock and the Inward rarefactions and shocks are described 

In sora detail and are compared with the ras dynamics of the 

point-source solution«      The existence of the Inward moving shocks, 

has haen dleoweeed la aeveral pämcnT     and In one Ineianee the 

5 V ©arly .>hase has been nu««rioall/ calculated«      Thie phenewenen Is 

observed In the ;>rescnt calculatlonr to occxir re!>aatedlyf subjoctlng 

the orlrjln to several compreoslve waves which are reflected there 

and which  ■ ove out to overtake the main shock« 

hi. L. Brode, Phy». Her. 9$, 6$S U) (19^). 

2r. Wecken, Z. am^w, mth« «ech« JO, 270 (195b). 

3J. A« McFadden, J. Appl« Phys. Q 1269 (1952). 

TI« Schardln, Communications on Pure and Applied Mathematlca 
vlnst, of MitlMMtloal Sciences, Mew York Dnlvaralty-   (19^). Vol. VII. 
P. 223. 

5T. S. Valton, Phya« Per« BJ, 910 (A) (1952). 
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THE BUST PROM A SPHIKB GT HIGH PIUB8URI QA3# 

I har» iuwd a Mthod propo««d la 1930 by TOO Flauraann and Richter 

for nuaarleally lBtafr»tlaf tha dlffarantlal aquatlona of ttata and notion 

of an Idaal gaa.    Tht atthod Introdueas an artificially lars» Tlscotlty for 

tbm purpoM of arcldlng ttaoak dlaeontlnultiat In tha nuaarlea. 

I daacrlbad tt» blast war» ratultlag fron- a point aourea at tte laat 
2 

Vashlnctoa naatlag .    Thtaa raaulta ara alao to ba published in tha Journal 

of Applied Pbyaiee. J   In this papar I «hall not mention the datalle of tha 

mnaerleal aethode but eball deecribe briefly •one lataraeting feature» of 

the blast wave resulting from a finite source, in particular an Initially 

static and isothsraal high-pre e eure sphere. 

■auAnowi or wmo* 

The equations of motion In seas units and in La^ranfaan fom nay be 

expressed as ttasas 

i-^-l?- *(**% (aass) 

|f - -=—   ^   (P ♦ q) (ao«nti«) (1) 

|-Jlf   «   [#^^)t] (snsrgy) 

In which X is a reduced radial distance, x is the nass or La^ranffean 

f 

1. 
Presented at tha Aaerican Physical Society Msetln«, January 27-29, 1955. 

Ton Meunann, J. and Rlchtnysr, R. D., J. Appl. Phys.  21, 232 (1950) 

Brode, F. L., Rttssrlcal Solution of a Spherical Blast WSTS, Phys.Rvr. 2^j 650(A) 

*•    Brode, H. L., Journal Appl. Phys.    (to be published) 
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coordlnat«,  T li tht Xiam coordinate and p, P,  u, q, ar« rtapaetlvaly tbm 

dmamity, proatur«, particle valoelty, and artificial vlacoalty In uaita of 

aoaa anfclant valuaa.    For thia problaa faana van takan to ba that of normal 

air (1.1»). 

The particular forn uaad for tha artificial rlacoalty It tha follovinc: 

/ 
M ■ Itunbar of aooaa apraad 

X - r/f 

1 R 9 3-   tot     ^r      f     /. u \    2^ 
« • F— " r p(Kint * ^ r ^ 0 0     J« 

(2) 

Thia for» baa tha proparty that it ia icro axe apt for eoBpraaaiooa,  i.a.f 

shock«, vhara It tpraada tha «hock ortr a conatant nuabar of apaea sooaa (M). 

Tha raduead radlua (x)  la ahovn to ba dlaancionlaaa and ralatad to tha total 

blast anorfy (E.   .) and tha amblant or pra-ahock praaaura  (P ). tox o 

DIPFPUMCE BQUATIOIC 

Va approxlaot« tha diffarantial aquation« by thr follovinc dlffaranca 

aquatlona, and, beginning vith a particular aat of initial condltlora,  advance 

a problaa in    a   atapa of   *<*    over a aaah of I,    Ax In accordance vith ata- 

bility and accuracy raqulreaarrta. 

n 
*.** . u/-i . ^J 
i "1 (AX).7 

«      n      _     n . n-i n-j 

m>l 

a* 2(ua'   '   *  u i IHj 

w" AT -^rr i-i ) ui     - ui.i 
**i (3) 

, n     .       n*l      '       i X ^^ ♦ X n - \      IKl - X I'l 



M-(HI) 

F-5Ö2 
1-27-55 
- 5 - 

..-^"^WN-: i D*l 
'1-1 •  U ■H 

1-1 

Of »on«« shock «prvad (e.f. 6) 

for Vi > ui (M 
> 0       for U|ä1^ U, 

lt*l) n iwl 

IH-1 o \ n-O 
pi-J   «i-i 

Ttao Balo foaturs of «acb probloa !■ thi outv«rd-movlij« «hock.    71^. 1 

eoB^yrm» tim abmk owrprtssurt ortglaatlag fro» tvo isothtraal «phor««, on« Ini- 

tially at 121 mtmwjimf, tbm otter at 2003 atooapheres, vltb a point•soureo 

solution (startsd fToi «a analytical for» valid for stroo« shocks and dus to 

Taylor or von i——«  )    Tha isothonal sphsras «or« at nomal dsosity origi- 

nally and eonsaqusotly «art also at a hl^h ta^Mraturs.    In all casas tfas 

fiaita ooure« ounra baooata ladiatiafuiahabla froa tba point sourcs curve aftsr 

tha shock fro« tha isothoraal sphsrt has ongalfad a aass of air tan tinss tbs 

initial mass. 

A cold sourcs was run In vhloh the sane initial prsaaura vas uaad but the 

taaqparaturw was iziltially aftaal Inslds and out, vhloh asant a hi<h initial 

density.     In this ease ths ovarprsssurs did not rise to the point-source 

valaa until fulte late vhea ' c had fallen to about a half an ataosphsra.    At 

that point, hoaaver, ths naaa engulfed MM afain approziaately tan tinea the 

AKD-26060    "Shock Hydrodynanles and Blast Waves,"    Los 
Laboratory, 26 October 19^. 

Alaaos Scientific 
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InltUl aus. 

71g. 2 •hows SOB» pressure profiles as s fuaetlon of ths rsdlus at 

various tarly tlaes aftsr ralaas« of an Isotbsraal spbsra of normal dsnslty 

gas at two thousand ataos Initial pressur«.    Hot« dsrslopasnt of ths outward 

shock and ths inward rarsfaetloo.    Hot« in particular ths devalopaent of an 

inward shock follovlns ths rarsfaetloo.    This shock does not attain a not 

inward notion until ths rarsfaetloo has "reflectsd" at ths origin. 

In Fig.  3 VB vlsw pr«ssur«-radi'i« profilss nsar ths csnter and at tiass 

Just bsfors and aftsr this inward shock Impinges on ths origin.    Arrows In- 

dicate ths general noveasnt with tias and hence ths sequence for nearly con- 

stant tias-intsrwals. 

Sines ths shocks are,  of necessity,  spread over several assh points, ths 

picture nsar a singular point such as the origin appears quit« smeared out 

with a consequent loss of detail. 

Using nssh sisas about on« fourth ths original sit«, portion« of ths 

problem were re-run.    Admitting soas uncertainty in position« and peak values 

of shocks, a coaler'«fw of ths shock pressure for this inward aoring shock 

shows sons appreciable discrepancy only nsar ths origin.    Aft«r reflection ths 

discrepancy decreases again in spit« of their quit« different histories nsar 

ths center.    Ths discrepancy aay be attributed mainly to the difficulty in 

identifying the shook when ths rounding is eoaparable to the shock radius. 

This shock pressure 1« decreasing initially although moving inward sines 

ths n«t outward expansion behind the main shock  is dominant.     (Fig.  M- 

If one considers rather than the absolute pressure, ths ratio of exeess 

shock pressure over the preesure Imnsdlately in front of ths shock, a quantity 

more characteristic of ths strength of this shock, then it is seen that ths 

inward shock is increasing in strength but remaina stationary until its pressure 

ratio is greater than unity.     (Fig.  3). 

The reflected shock moves Into s higher pressure and so has a lower ratio. 
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Tbm r«fl«et«d shook doeroacoo about lrrr»r»ely with the radial distaae« al- 

though It has « flaito «tr^nfth. 

The donaity profiloi at «arly tlatt »hov a tharp eo^raiilon •pike at 

the nalii shock and a rarefaction eating inward from the ■urface of the Initial 

spbsrs.     (fig. 6).    The rarefaction reduces the density in the sphere to a 

very lev ralus.    The inward shock is seen to reflect and move outward,  over- 

take the oain shock and leave a peraanent dlaoontinulty in density (and 

tenperature) at the point of coalescence. 

The te^erature profiles at early tines (Fig. "J), shov the cooling effect 

of the rare fact loo and the very aodest heating done by the nain chock.    Just 

as with the density a sharp break or discontinuity is maintained at the boun- 

dary of the initially heated sphere.    The invard shock is seen in even greater 

contrast here. 

The dotted curve indicates the results with a smaller nesh sise at the 

sans time as the dashed curve which is for a larger nesh site. 

After sons considerable tine two sinilar problems with considerably 

different tone sises conpare about as in Fig. 6. 

tbm portion near the origin was covered with a fine grid in the case 

illustrated by the dashed curve.    The grid was coarser for the saas case near 

the nain shock, however, which accounts for the poor reproduction of the second 

chock at this point high on the back of the main shock. 

In addition to the nain shock and the Inward shock shown previously, 

successively smaller shocks develop from Interact lor with the content dleccn- 

tlnulty at the edge of the initial sphere.    This boundary is narked by ticks in 

Fig.  9-    lote the reflected and the transaltted shocks being formed. 

The initial rarefaction reflects at the origin and on moving outward In- 

teracts with this sans discontinuity to send back a pulse. 

This pulse, in turn, runs into the outward-sioving second shock and sends 

Inward a pulse containing elements of both rarefaction and compreselon.    In 
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this figure,  this pulse  is »hovn lnt«r»ctln« with Xhm origin.     In tbm upper 

currs a rarefaction followd by • sboek is aorlng inwurd.    The middle curve 

•hove the rare faction reflected and the thoek still inward bound.    The lover 

curve finds this shock reflected and aovlng out. 

Rstraoiat a little in tlas, the next set of pre s eure-profiles (Fig. 10), 

•how the aain shock dseay with tias and the ■ovaasnt of the second shoe* after 

reflection at the center.    In the seeond curve this sseoad shock is Just 

passing through the discontinuity, and the minor poles stacnm on the previous 

slide is about to hit the center.    In the third curve the secood shock is 

riding up the main shock and a tertiary shock reflected from the interface Is 

racing inward.    The fourth curve show« this third shock outward bound. 

In the first curve of fig. II, tbs second shock is about to close with 

the aain shock and the third shock is encountering the interface.    The sseonrl 

curve shows the first two shocks eoaleeced and tbs third shock rising up the 

main shocks. 

Pulsss and small shocks rettle back and forth in this hot interior sub- 

jecting tbs origin to repeated shocks and temperature rimes, so that the tenp- 

erature gradient in the gas that started out as isothermal becomes more and 

more like that of the point source as time goes on. 
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