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Abstract

A new, arithmetic, computer oriented approach to fluid modeling
is developed and implemented. Fluids are simulated by finite par-
ticle sets which are subjected both to gravity agd to molecular type
force interactions. A particle liquid is generaﬁed on the UNIVAC
1110 and the classical cavity flow problem is stﬁdied. The method
is economical and applies easily with relatively few particles to

phenomena with significant, gross motions.
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APPENDIX

TOCAVITY FLOW WITH VAN NEUMANN FLUID - LFAD FROA FO9MUIL AS - INPUT
C IS5 AT HALF 5TEDS o0 SPECIAL STARTING FORMULAS ARE WNAT NFEDEDN -~ TIME STEP
IS L0001 - H=ls G=Js M=100 (ARs FQUIVALFNMTLYs H=100s A=ls M=1) — EXDONEMT
T OOF REZPULSION I35 3 AND APPEARS AS 4 AFECAUSE OF COMPUNENT FACTORS X/Rs Y/R
C O DAMPING FACTOR 1S Jel AND APPLARS IN VELOCITY REFLUCTIONS OF wWaLlOoL
C ONLY NEAR PARTICLES (RelTe0e2b) ASE COUNTFD IN FRCE 7aLCULATIONS

PARAVETER N=100C

NMI=N=]

ZFBN=0,n

WALLV=1,

TwO=2oe

A=1e0

AMINUS=~A

K=1

KORINT=500

N

DIMENSION STATFMENT
DIMENSTNAN DMADSIN) s XOUN) s YO UIN) s VXAINY sVYNIMY s X (A7) s Y (NsD),
TVXIANS2) s VY (N2} s ACXINYsACYIN) sVRARX(N) s VRARY (M) s SPDRAR (N)
TOINITIALIZATION SET TO ZFRO AUTOMATICALLY ON 1110
T INITIAL NATA INoUT
READ 105 (PMAQS(I)sXq(I)o\O(I)aVXW(I)sVYF(I),
TVBARX{T ) sVBARY () s =1sN)
10 FORMAT (7E10e4)
T OPRINT INITIAL DATA
NG 20 T=1sN
PRINT 15T sDMASSII)IsXO(TI)sYN({TI)sVXN(T)sVYN(T)aVaARX({T)sVRARY ()

15 FORMAT (5XsI15s7F11.5)
20 CONTTINUF
C UDPDATES. X{I91) I5 X COCRDINATE AT PREVIQUS TIME STEP, X{Is2) 1S X
T COORDINATE AT oRESENT TIME STERP.  SIMILARLY FOR NTHER VARIARLE S
DO 30 I=1sN
X(191)~ o0
A.l)_YW(I)
X(Tely=vXn(1)
Y{Tsl)=v¥n(])
30 CONTINUE
GO TO 71
55 no 70 I=1 6N

{Is1)=X{Ts2)
(Tel)=Y(T1s7)
VX{TIs1)y=VX{T1s2)
VY(Ts1)y=VY(1s2)
70 CONTINUE
C CALCULATION OF ACCELERATICNS IS DONZ THROUGH STER 777
NO 701 T1=1s%
ACX{T)=0No

ACY(I):OQ

701 CONTINUE

7 NO 77 1=1snM1
IPl=1+]

NO 76 UJ=1P1sN
ReSORTIIXIT o1 ) =X s 1)) #%04+ (Y (1ol =Y (ol ))s%xD)
I[F (ReTo0e25) GO T 73

FX=PUASS(T)%PMASS( )% (X{191)=X{Js1)) /R¥¥4



A2

FY=PMASS{T)IY%#PMASS{ ) * (Y (11)-Y(Js1))/R¥%4
G TO 75
73 FX:OO
FY=0Moe
C ACCUMULATION OF FORCES ON PARTICLE I DUE TO ALL OTHER PARTICLES IS DONE
C IN NEXT FOUR FQORMULAS
75 ACX{T)Y=ACX(I)+FX
ACX(J)=ACX(J)=FX
ACY({TI)=ACY(T)+FY
ACY(J)Y=ACY L J)=~FY
76 CONT INUFE
77 CONTINUE
C NOTE THAT WE HAVE JUST ACCUMULATED FORCESs NOT ACCELERATIONS -~ THE ABOVE
C NOTATIONs THOUGH MISLEADINGs ENABLES US TQ SAVE MIMORY LOCATIONS. WE
C NOW CALCULATE THE ACCELERATINONS
NO 770 T=1sN
ACX(T)=ACX(T)/PMASSI(])
ACY(T)Y=(ACY (I} /PMASS(T1))-S80,
770 CONTINUE
79 NO 80 I=1sN
VX{T92)=VX{151)+.0001%ACX(1)
VY{I92)=VY{(191)4,0001%ACY(])
C VBARX AND VBARY ARE AVERAGE VELOQCITY VECTORS NVER ALL OREVIOUS VELOCITIES
VBARX T )= (K#VBARX (T )1+VX{1s2))/(K+1)
VBARY (T ) ={K#VBARY (T )+VY(1s2))/(K+1)
XK{Ts2) =X{1s1)+.0001%VX(I,2)
Y{Te2)=Y({Ts11+,0001%#VY(1,2)
SPPRAR(II=SART(VBARX ([ ) #%2+VBARY (1) %x2)
80 CONTINUE
CALL WALCOL
K=K+1
T PRINT ONLY EVFRY KPRINT STEPS
I1F (MON{KskDPRINT)GT0) 0O TO 82
IF (MOND(KsKPRINT)oLT0) cO TO 82
NO 210 T=1eN

PRIMT R19KsTsX(192)oY(I52)sVX(T92)sVY(I352)sVRARX(T)sVRARY(]) ’
15PDRAR(T)

81 FORMAT (5Xs21557F1266)

810 CONT INUF

¢ CALCULATE MEAN SPEED
SPEFN=00

N 8100 I=14N
SOEFN=SPEFN+SORTIVX{ T2 ) xVX(To2)1+VY(1s2)%VY(T4s2))
g10C CONTINUE
SPEED=01%#SPEED
PRINT 81015SPEED
8101 FORMAT (5XsF20,10)
- TERMINATION AFTFR A FIXFD NUMBER 0OFf S5TEPS
82 IF (KoL To1n000)Y GO TO 65
C PUNCH QUTPRPUT FOR RESTART
PUNCH 1095 (PMASS(ITI) oX(Is2)sY(Is2)sVX{Is2)sVY(Is2)s
IVBARX (I ) sVBARY (1) sI=1sN)
sTep
7 OUBRQUTINE WALCOL FOLLOANS -~ REFLECTS PARTICLES AFTER WALL COLLISION
SUBROUTINE WALCOL
DO 9999 I=1eN




IF (X{TI 21T AMINUS) GO TO 9Nn?
XUT 2V =X {Te2)+2, ¥ {AMINUSX(T92))
VX(Ts2)==o1%VX(]s2)
VY(Te2)=al1#VY{Ts2)

~002 IF (X{(1a2)elTeA) GO TO 9003
X{1s2)=X{Ts2)=2e#(X(152)=A)
VX{T2) =gl ®¥VX(Ts2)
VY(Te2)Y=01%VyY{142)

00 IF (Y({T1eP21.0TZERD)Y G0 TO 90Ny
Y{Te2Y==Y{147)
VX(132)Y=2a1%VX(]s2)
VY(T1s2)==el1%VY(T152)

n004 [F (Y(1s2),LToTWD) GO Tn 9999
Y{TIe?)=TWO=(Y{Is2)~24)

C WALV 1S THF wWaLL VELOCITY
VX(Ts2)Y=01%VX{Ts2 ) =wALLV
VY(T192)=meluVY(Ts2)

n9Y9 CONT IMUE
RETURN
END

A3






