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MULTIDIMENSIONAL FLUID DYNAMICS CALCULATIONS WITH HIGH SPEED COMPUTERS

C. W. Hirt
Los Alamos Scientific Laboratory
University of California

ABSTRACT

A brief survey is presented of several time dependent numerical methods for multi-
dimensional fluid problems in use at the Los Alamos Scientific Laboratory. Emphasis is
placed on the <m.u..um$. of problems which can be treated, as well as on the limitations of
the methods used to treat them. No details are given o,w the specific numerical procedures.
Three examples are presented. The first, the interaction of a shock with a bubble, illus-
trates a type of mixed Eulerian and Lagrangilan method of calculation. The second example,
a shock moving down a bent channel, illustrates a pure Lagrangian calculation. The third
example illustrates an incompressible fluid calculation based on a pure Eulerian method.
In the second two examples comparisons are made with experimental data. The presentation

of these problems is supplemented with several slides and two short movies.

I. INTRODUCTION

In this paper a brief survey is made of several smﬁuomm used for the numerical solu-
tion of multimaterial and multidimensional fluid dynamics problems. In particular, three
methods will be described which are currently in use at the Los Alamos Scientific Labora-
tory. One additional method will be described by T. D. Butler in another paper.

The aim of this paper is twofold. First, it is an introduction for persons with no
previous experience in time dependent numerical methods, to the variety of problems which
have been successfully treated. Second, it is hoped that this paper will acquaint those
persons with some experience in time dependent numerical methods with a wider class of
methods, together with their advantages and disadvantages.

To satisfy the introductory nature of this paper we discuss three quite different

problems. The first problem deals with a type of two material calculation in which a

*..Eﬁm work was performed under the auspices of the U. S. Atomic Energy Commission.

shock encounters a bubble in the interior of an explosive material. The second problem
involves the calculation of a shock passing down a bent rectangular channel, and the
third problem considers the wake of a flat plate usgm?o“@ accelerated in a viscous in-
o.osuu.mmmudwm fluid.

In each of these problems a different numerical approach has been used. In the first
problem.the explosive material is represented by a system of particles which move rela-
tive to a fixed (Eulerian mesh). In the second problem the fluid is again represented
by a system' of particles, but in this case there is no mesh, the particles are moved rela-
tive to one another according to appropriately chosen pairwise forces. This 1s a pure
lagrangian method. In the third problem, which involves an Hsooswu.mmﬂdw.m fluid, fluid
quantities are calculated at the boundaries of a fixed Eulerian mesh. No use is made of

particles in this method so this is a pure Eulerian method.

II. DISCUSSION OF THE PROBIEMS
A. Hot Spot Formation

Motivation for this problem arose in connection with experimental studies of shock
waves in explosive materials. These studies indicated that a shock, which would not de-
tonate a homogeneous explosive, could detonate the same explosive if it was sufficiently
inhomogeneous. The following model situation was devised to study this Eumnosmnbb.d
A plane shock moves along the axis of a cylinder of nitromethane, the shocked nitro-
methane having a temperature of »mooom vhich is insufficient to produce an immediate de-
tonation. The shock then encounters a spherical void in the interior of the explosive,
The interaction of the shock with this "inhomogeneity" produces local hot spots with
temperatures exceeding :6005 Since nitromethane is E.WWC. exothermic above ;ooox
these hot spots can initiate a detonation.

The theoretical studies based on this model were performed using the Particle-In-

2
Cell method,” i.e., particles moving relative to an Eulerian mesh. This method is par-
ticularly suited to problems involving material interfaces. The disadvantage of using

particles is that density and pressure profiles show fluctuations that are often un-
desirable.
The calculations of hot spot formation with the Particle-In-Cell method were

2a



4=

*arm3otd Q0L = ¥ aU3 ur juaxedde a3Inb ST ‘of Arogemrxoxdds Jo Jaqunmu gproulay ® 18
831838 UYOTUM “S90T3I0A JO BUTDPPUS SYL Q0L PUB ‘G2 0 JO SIaqumu spyouksy 03 ‘¢ *ITd
JO 9pTS puey JYUSTI SYU3 UO UMCHS 3IB Sulajqed SUTTNESILS DPOJBTNOTEY JO SITIaS ¥

w.wh:»ahwp.ﬁm
89U UT PassnosTp uaaq aa®y uoTNOS Jo POY3aW 3Yq JO STTEIap 939Tdmo) °uotsenbs
huwoﬂvno> DPIOUBAP® JWTY 343 UT Ieadde YOTUA SITFTOOTIA 93BTNOTBO OF UOTLOUNT WELIES MSU
ay3 Bursn pageadaa uaYy ST ST0AD SYJ *PoY3oW UOTHBINGT JUIBISAUCD B Lq PauTe1qo ST UOTY}
~enbs 5,U0SSTOd JO UOTANTOS ¥ °UOTIOUNJ WmBal4s oYUy SuIoA0d YOTUA UOT3®BNDS UOSSTod B UT
0I93 9JINOS 3Y3 JIOF Pasn USY3 ST H.No.mps.nom STYI °£3T0T3I0A aY3 Jog uoTyenba S,2Z3TOUNTSH
JO WIOF 3OUSIISIIITP 93TulF ajevtxdoxdde syj3 BUTATOS JO S3STSUOD UOTINTOS JO POYZSW YT
‘uotjoung £3TOTII0A Y3 PUB UOTIOUNJ WESIIS 93 ‘SSTYRTIBA MOTJ OMF JOF USOW UBTISTNG
PaxTIF e uo sjutod 9B uoﬁﬁ.m»po a8 w:ouvs.nom *paqrIosap Arsnotaaxd spoyjzsm ayy wory Arqe
~I9PTSUOD SISJITP nq ‘magsds UBTISTNE sand B UO Paseq ST POYOWm TRUOTIBRTNOTBO oyj
*0009 PU®B G| U3M39Q BIIqUNU SPTOULSY JI0F pamxojrad aIam SUOTYBTNOTEBO T8O
~TIaumy *quITaY ou.wﬂm 9y SaWT] XIS SBM qudTay ToUUBYD By °TIUUBYO B BuoTe pPayBIaTIOOB
Ayaarsyndmt a98Td 98TJ B JO 9XBA 8yl JO nowus.nowo amyy ay3 Jo LApnys ® ST En.w.nno.nm STUTL
m.Eo.npo.a PINTT SNOOSTA STqISSaXdWOdUT UB JO UOTNTOS TBOTISUMU 9y S948I3SNTTT ordmexs
PITYF 9Y3 SUOTFBNETS MOTT STQTeSaIdmod paulaoucd satdirexs osg snotaaxd sy sTTUM

quomdoTaAd([ 499I3S X39IOA °0

‘ *2908JI93UT TBTJIa%em SUTUTIap JO
£9TNOTIITP Y3 WOLF SISTIB STYJ °*TBTISBN SUC WPYJ SI0W SUTATOAUT swarqodd IOI PajIns 4ou
ST poyjzom UBTISTNY aand ayj 98yY3 ‘IIA3M0Y .‘woug 9q PTNOYS 3] “UOTFBTNOTBY UBTIuBISe]
U3 Y3TA AY90Tu AIaA 39438 SHTnSaX a9yl *satoraed NOY3TA POYZol UBTISTNY aand ayg Sursn
pamxogIad usaq Sey quUImIIAdXa §,YoBqUAUDTIY *Jd SUTJYTNMTS UOTIBTNOTBO ¥V  *SuUoTdax UOTYBU
-8838 Jo aoussaxd su3 Lq PajosJJe €8sT ST 3T AT3Usnbasuco PUB SUOTYBNRONTF A3TSUIP Saonp

~9X poylaw UBTISTNF 3aInd SYL  *SSOID YOTUM SITOTIIBd 399I0STP JO JOQUMT Y3 JO PEIjSUT

kL
{597IBPUMOQ YSam SSOIO® XNTJ SSBMW SNONUTJUOD B SIJETNOTED YOTUM WaSAS UBTIaTng aand ®
Bursn Aq ‘IaAaMOY ‘pPIONpPal aq UBO ATNOTIIID STYIL °STEuITS snoTands S® 9988edoad uotrdalx

UoT3BUPBYS ¥ UT SUOTFBNRONTF TTBWS °Wa3sAs oYoTaaed ® UT Jussaxd SUOTFBNONTI TBIMMGEU

G-
SY3 UITA DPIJBTO0SSE ST AJTNOTIITP STYL “JNOO0 SUOTISI uoTyeudeqs UOTUM UT smoTqoxd
Y34 LJTNOTIFTD SEBY POURam TTID-UL~ITOTILB] PISSNOSTD Lysnotasad syl  *wsTqoxd STUR
J0J PISnN 8q PTNOD YOTYA SPOY3am TBOFISUMU II3Y30 FUFUIIOUOD JIPIO UT I8 SJUIWMOD IWOS
*qUaTTa0Xa ST AI03
~STY aanssaxd quanbasqns puB awWTq TBATIIB ooys 0% 309dSal UYJTH JUSWOLIIB aYq 9BYJ PIJOU 9q
TTH 2T .m.uwo:.vma.mhu aangsaxd WOLJ PauTe}qo SaTI0}STY axnssaxd TejuamtIadxa ayyg Jo advIaaw
uB quasaxdaX SSUTT PayYs®ep YL °2 °TITJ UT UMOUS ST [auUuByD ayg uf squrod oma 98 saanssaxd
POYBETNOTED 3Y3 DUR SJUSWAINSEAN 9INnssaxd m.nodpuonowwm *X(J usam3aq uosTredmod Iyg,
*3TQETTRA®R oWq Joqndmod ayj pus azTs AJomsw Jandmoo Aq pajTWIL ST
‘Tasemoy ‘Iaqumu sToTiaed syl °*soyoTIred JO Joqumu 93JIET B 9ABY O} AIBss8adsu ST 3T SUOTIENG
~ONTJ 90NpPaI 03 Japxo ul °*satoTiaed JuTIoqUITOUu JO $I0I0F JYJ WOLJ PIUTMISFIP 918 Saans
-saxd ‘pusy JIaY30 3YF UQ °*SUOTIIOFSTP PINTE o.me.n BuTATOAUT SwaTqoad IO SITIBPUNOQ Pajsd
~71dmod Y3 A msv.npo.nm 09 pag3Tns ArIeTnorsaed ST 4T YSam B ISN 40U S0P POYISW STYJ 9OUTS
* (poygysm IOIOJI-PUY-STOTIIB] Y3 ) S90I0F 9sTMITRd ussoyd A[ajerrdoxdde ysnoaysy SITOTF
~T8d SuTIOQqUITAU Y34 BUT3oBIIQUT 8aToFrred Aq pojusasaadax or8 SIUSWSTI Uﬂz.n.w poyzam STUY
ul °*PINTJ 9Y3 IOJ pasn SBA no.ﬂp.wﬁ.uomwhmmh usdusade] aand ® watqoxd SIYg aTpuey OF
.,T. *81d 998) TauuUBYD Y3 UT sjutod oM} 38 SITIOISTY aamssaxd ay3 ysnoaysz
apeE oIsA SqUANTIAAXS S,UOBQUAYOTSY °J( PUB SUOTYSTNOTBY TBOTISNNG 3Y] USaM]aq Suostred

~WO) _*SOWBTY SOT 38 USNBLIOpUN 9JaM SUSWTISdXe STY SUTIBTNMTS SUOTFBTNOTED TBOTISuMN

¢

*l *3Td ‘spuaq aTfuB UITI oMY BUTABY ‘2z I9499T 9U3 SUTTQUESAII [IUUBYD JIBINBUBYOII B UMOD
Zurssed }oOys B PAITPNYS YOBQUAUOTSH *Id  *93N3TISUL-UYOBH-3SULT 3Y3 38 YOBqUaYOIsy °*H *Iq
£q apem Lpngs agqny JOOys B UYJTMA UOTFOSUUOD UT ISOIB JSPTSUOD am marqoxd puooas ayg

Touusy) Juag B yInoayy Iasesseg }oous °d

*s30d8 904 9U3 98 939I3TUT O3 USSS BT UOT4EUOG

~9p ® 9S8O STY3 UL °DAMOTT® ST UOT}OBAIX TBOTWAYD adf] SNTUSYIIY UB YOTUM UT UOTFBLNOTBD
TBTTWES B SAOUS WITF 9Y3 JO JTBY Puodss auy °*AT338xedss PajedTpUT S48 3 OOhL BuTpsadxa
samqeraduo) Y3TA MOTF SY3} JO SUOTISY °DIMOTTE® 30U 3IB SUOTIOBII TBOTWOYO USYA 9TQANq U3
Jo 95dBTT00 3y3 SMOUS WLTJ dY3 JO JTBY 3SATI YL *ISPIO0II WLTFOIOTW QZ0h OF UB UFnoIys
Iaqndmod 3y3} Jo ndano Yy WOXF AT309ITP 9DBE SBM ITAOW 9Y3 JO SWBIJ YOBE °SUOTEBINITIUOD

MOTJ PIYBTNOTEO aug Jo paxedaxd wsaq 8By afaom ¥ °Jagndwoo O¢0L WAL ue uo pewtofIad

4



The left hand side of Fig. 3 shows a system of isothermals at the corresponding Reynolds
numbers. In these pictures the rear side of the plate was maintained at a constant tem-
perature (greater than the free stream temperature) » and heat conduction ﬁ@.u.._m were in-
cluded in the basic transport equations. The fluid density is assumed constant in this
problem so that the conduction of heat does not affect the fluid dynamics. A recent ex-
tension of this method, however, has been developed to treat the classical Bénard prob-
lem, the convection of heat between two parallel plates. In the Bénard problem the con-
duction of heat does affect the fluid dynamics through the gravitational force term.

A comparison between the calculated streaklines behind a flat plate and the experi-
mentally observed streaklines (dye trails) benind a circular ovb...rsmmu.ﬂ. is shown in Fig. k.
Both cases correspond to a Reynolds number of 100.

Additional comparisons have been made for this problem with other available experi-
mental data; for example, with the plate drag coefficient as a function of time and with
velocity profiles behind the u.,_,m.._..m.u Furthermore, a movie has been prepared showing the
evolution of streaklines and streamlines for a Reynolds number of 200. This movie was

assembled in a manner identical to that used for the bubble problem.
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Figure 2. Comparison between calculated pressure histories and the average
measured pressure (dashed line) at point I, upper graph, and
at point II, lower graph. The pressure is measured in units of
the atmospheric pressure P, _
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Figure 4.

The upper picture illustrates dye trails observed behind a cir-
cular cylinder. The lower picture shows the calculated streak-
lines behind a flat plate. Both pictures correspond to a
Reynolds number of 100.




