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AN AXISYMMETRIC, NUMERICAL MODEL FOR
A NON-HYDROSTATIC BOUSSINESQ OCEAN

1. GOVERNING EQUATIONS

The governing equations of the axisymmetric, non-

hydrostatic, Boussinesq ocean model are

--u + fv - (7U

+ -u 1-1

2L+w1v uv fu+11(2,v\j_ K v (12
r 9: r 

1-

3w+ jw w fu+ K; r2
+-I Ub- + KF[ 7-w + K- -4- (1-3)
F d r _- -

+b+ = w + K3 1-41
+ U~ _ +~ JVVb +K:
7w _3z-

where 7 r - , other symbols are listed in Appendix .\.a r r"

Above, the density anomaly b is defined according to

0 r ( :)
b =g, l-S

where Pr () is a reference density and is a function of

depth only. Brunt-Vfisdlli frequency. N is defined as

N_ (1-6)

Manuscript approved September 29, 1982.

... ... .. ... .. .. ..... .. . . ... . .. .. ' I~ll III Il .. . .. . --- " .. I . .. I ..



The continuity equation is that of the incompressible fluid,

1 3ur (1-
-+ - = 0

r br az
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2. THE MODEL GRID

It is determined that a fully staggered grid is most

expedient for storage economy for a ogiven spatial resolution.

As shown in Fig. 1, the radial (U) and the tangential (v)

velocities are defined at cross points, vertical velocities

(w) are defined at open circle points, and the pressures (p)

and density anomalies (b) are defined at blackened dot points.

his grid system has the following advantages:

a) it saves storage for a ,iven spatial resolution

b) it is very economical in terms of number of

computational operations for the finite

difference (FD) equations of (1-l) to (1-4,.

c) it is very easy to specify the boundary

conditions,

d) the pressure diagnostic equation, of the

elliptic type, can be reduced to the standard

form, and

e) there is no spatial separation of solutions

on the grid.

In order to consistently index the grid points, we

let index pair (ij) represent the i-th point in the

r-direction and J-th point in the :-direction. In addition.

m is the maximum number of points in the r-direction, and n,

the maxim,,m number of points inthe z-direction. There fore

there are m x (n-I) points for radial and tangential

velocities, (m-1) x n points for vertical velocities, and

(rn-I) x (n-l) points for mass distribution (b and p).

3
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3. THE FINITE DIFFERENCE EQUATIONS

The leapfrog, or centered-in-time, integration

scheme for the inviscid terms and the forward-in-time

integration scheme for the viscous terms are used. 'he

scheme is described as

ut

ut+11t t-L t ;--

V t + t 41t % -' t,%1
+2&t (13-1)

wt +At wt-'It-tt

t+At t-At j bt

btA bt b

A second order, or centered-in-space, scheme is applied to

derive the tendencies in (3-1) according to (.l-1) -1-4).

(a) The Equation of Motion in r-direction

ut
u. (P- P

t Ii C0 (Ar 2 ) i_  i i-i

where
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b.) rhe Equation of Motion in 0-direction

-0 F2 1 . t +t v t t

(Tr Ti-- ij i i I Ji-

1 t t t
+ A J (i~l i ui i i i

+ wt +t (vt t

+ 1 (t +%t (kt ti

i + + t]~

1 i t- Nt t t.
r (V. r-+ .

0.5 1 Ar 1 )t 1  Vt

+ 
05[)r(Ari)ij'i+1i ii

+1 t -At tAt

v.tA K- t-At t-At.
- i -.--. t--- + A 

Vi

(ri$ 1 [Tj A =- (Vi1
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(c) The Equation of Notion in :-direction

G C. -(P. .P.35

w.he re

tI it t t t
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FliTe The rrod-viiariC EqUat ion

b t ut
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4. DERIVATION OF THE DIAGNOSTIC EQUATION FOR PRESSURE

1he nonhydrostatic p~ressure at time t is needed to

:om,,pute the pressure gradient forces- in (3- 2j and (3-S).

ro "recover" the preSSUre from the mnot ion .ficds , we make

use of the continuity equation by different iating 1i- )

with time we get

r r It -T

which can be written in finite difference form ora mass

point i i as

E tw ut t

+ I C i+I LLI-4

Let c= (ri,/. i , r,i+1]1 d
and a".r + (ri4 ll(1l l

Substituting (3-21, (3-5) and (4-2) into (4-1), we have
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1 ____I___ P ~ l t

i + 7 1+lr i) i i i

+ 1( + ~ -p G. - G .

I. - pi -

LI p LLPi . ( 1 - 1  0

After some rearrangements, we get

a.

1 1
p -

p. p+p4 . 1

r +___I t _ _ ti
0 1~ c iH~ 1 i~ a iH~ - G 1~ G iJ t4-3)

Now let-F. = RHS of (4-3),



CXi / riri 1

C rI l J (A z

C-i= i!f> -l)jt :,) ili',

.\ U,, i- i/ (1 ( l! . and
Az~ 1-' an

BB CX. \X. C-. _- 4-

'Ae obtain the standard form of an elliptic equation in FD orm

"X i- X "\- - I + BB P + 'XiPi+'I , C-iP F -

Equat ion ( -; j can be solved numerically by the SEVP solver

MIadala, 19-S), providing the boundary conditions are

properly posed.

The conditions for the four boundaries are determined

according to the following assumptions:

(a) At (rl) i = (rl) 1 = 0, the natural condition for the

cylindrical coordinates calls for u = v = 0 = ?u,'t =

the gradient balance requires that CaP/r)r=0 = 0. Therefore

an extra column of P is needed

Poj Plj
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At Irll = rl , assuming both the horizontal

divergence and the vorticitv are continuous, i.e., 1 ur
3r r - -

an 1 ;v r
a-nd. Ihese lead to

U mj b U + bb 1(1 'il l -C) ( r u)n-tUm i-

4--

mi a Inli + bb[ 1r)mlml i - (r1 m12'i-

where ba = I 1)i/ (rl) m , and

bb = L r 1 ) l+r 1) m. rl)ml/ (rlmK ' i rl 1 )m

Note that if bb is set equal to zero, 43--) describes a

non-divergent and zero-vorticitv boundarv condition at

r = [rl Once v. is determined, a gradient balance at

r = Iti)m requires

Il I J + m 0 in r j i in- i

or

P Pn-li 0o(Ir Im[i +

where a column of dummy points p1~ has been introduced for

computational purposes. The second part of the RS of (4-8)

is thus the forcing function at (rl)m for the elliptic

equation (4-5).

13



tc) At the bottom, w t . Substitutin these
ilt i

into the concinuit equation 4- , te get

1 i+ll O
1 (r + ri) r I

+ = o (4-9'k-l 1 1 _t

Folloing the same deduction between (4-1) and (4-5), we get

an expression similar to 4-3 with the second team on the

LHS and 6 in the Rt-S absent. ihus , P can be obtained

by the same SEVP solver by setting C 1 = 0 and G = 0.

(d) At top w. =3/3t w . = 0. Following the same linein in

of reasoning as in (c, we obtain P. h solvino ,4-5 with

C: P in+l 0 and G. = 0.

In summary, the elliptic pressure diagnostic equa-

tion (4-4) is to be solved with the following boundary

conditions

I) At r = 0 P.i = P i i.e., (4-o)

At r = 1 m P = + function (V mj (4-8)A rm m inm-li i

3) At : = 0 A-1 0 and Gil = 0

4) At = = ) C:n 0 and G. = 0
V. n in

14



LIST OF SYMBOLS

AX. an array of constants, varving only in r-direction,
1

defined by (4-4), used in 14-5)

A-- i  an array of constants, varying only in z-direction

defined by (4-4),used in (4-5)

ai  an array of constants related to r1 and Ar 1 used in

(4-2)

BB.. an array of constants, used in (4-5)
1-j

b density anomalies, defined in (1-5), cm s

CX. an array of constants, varying only in r-direction,

defined by" (4-4),used in (4-5)

C:. an array of constants, varying only in z-direction,3

defined by (4-4),used in (4-5)
c an array of constants, related to r1 and Irl, used

iI

in (4-5)
-1

f Coriolis parameter, s

g gravitational acceleration, cm s

i an index, denoting i-th point in r-direction

j an index, denoting j-th point in :-direction

K horizontal diffusion coefficient, cm-2 s

K- vertical diffusion coefficient, cm- s

LIS left hand side

m the maximum number of grid points in r-direction,

upper bound of i

15



iin- I

I~I, m-_

N. Brunt-Vislilld frequency, S

n the maximum number of grid points in --direction,

upper bound of J

n 1  n-I

n, n- _

p pressure, dyne cm

RHS right hand side

r radius, cm

r, radii of momentum points, cm

r-) radii of mass points, cm

r1  distance between two hori:ontallv adjacent momentum

points, cm

.,r, distance between two hori:ontally adiacent mass

points, cm

SEVP stabili:ed error xector L repagation

t time, s

At time interval, s

u radial velocity, cm s

v tangential velocity, cm s
-l

w vertical velocity, cm s

z height from ocean bottom, cm

- 1  heights of circle points, cm

Z, heights of cross and dot points, cm

16



distance between two vertically adJacent circle

points, cm

distance between two vertically adiacent cross or

dot points

density, ; cm

-3
a constant density, 1 g cm

a reference density, varying only in :-direction,

-3
g cm

17
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APPENDIX A - FORTRAN CODE FOR THE NON-HYDROSTATIC MODEL

A listing of FORTR_,\N code of the ocean model. The

major functions of the main program and subroutines are as

-ol lows:

OCEAN main program, calls all subroutines, manages

.ob flow, controls input/output.

INIT sets up independent variables, defines con-

stants

START defines initial conditions

PUTOUT gets various fields ready for output

tMAP prints

.\DVECT computes all inviscous terms, except for the

pressure gradient forces

DIFF computes horizontal and vertical diffusions

IPRESS solves the pressure diagnostic equations and

computes the pressure gradient forces, appears

only in the non-hydrostatic version

\IAT I NV inverts matrices

BSM1l Used in SEVP method

BS,\I2
",B S,\I3

FRWRD matches forward

BOUNDV sets outer boundary conditions for momentum

CHECK checks if the time step is linearly stable.

19



APPENDIX B - FORTRAN CODE FOR THE HYDROSTATIC MODEL

The hydrostatic version of the model can be obtained

by simplif%'ing the non-hydrostatic ver.,ion. In the hydro-

static version, the equation of motion in :-direction 1-31

is reduced to the hydrostatic equation

Bo 3--

Instead of solving the elliptic equation (4-5), the pressure

p is thus obtainable by vertically integrating (B-i). The

vertical velocity w can also be computed by vertically inte-

grating the continuity equation (i-).

The FD forms of (B-I) and (1-7) are, respectively,

= Pj 1 - 05 (-I: r (Bt L + Bit ) ( B-2

t- (B-3)

W i i 1 1 1i 0.5 u.'r K-B)i+ -5)

20
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44SPLIT OCEAk0.SOI.AC0,PRI%V,SEG

It PROGRAM OCEAN 0041000
at PAaAMLTEgW MUi.Agit 0002000
3. PA4AItTEI( 0tb..2M1NININuaOgU3000
40 PApAOtiTfi Np~UeasFA 1 #11 t.N *Nl~4 0004000
So CIS.EN58N DATAI(h)UAA2NVi.DAY&3(NC) 0005000

74 1 vlwN ,ZM1NSl.1N ,ACI,13MN) 00:21000
P. 2 VZCINIMI.CIN)000,000

94 EQUIVALECE COATAIVRI),CVIATAl.v02),(CATA3,V43) 0004000
lot DATA OAAOocT2N...aAO0,0010000
Its CM8,.,i*o(l0awe~aM,1N.lNhCl( ,~~i 0011000
122.C4,N,.8 N1 8i2() LNNAIOSI,,.() K(4 0012000
134 CmpNhF4/flELTITIMEITI"EISTEP, ISMO.ITAPE,TOV 0013000
14m CALL INCI.MP 0014000
15. t,10 FFR

M
AT(141 oiscoo

16& READC(5,100)ITTMt 0016000
174 EAU)(5,100)TTER 0017000

14. REAU
t
il0f)IPU? 0018000

01 WAn'Ci,luT)t5mO 0014000
J0S !STEPSO c0t0000
its Pt AO(.e 200) ITAPI 0091000
22. CALL INIT 0092000
23' IFCITI-E.EQ.O)GP 10 10 00413000
214' C 0411400O
a5' C CC"INLtE0 INTEGRATIeN FROM A MISTMRV TAPE ods00
i6o C cgdboo
27. REAO(I )ITT,E,rATIl,0A1A2,P codcooO

20* G! TO 2'0 oadsooo
29* 10 CALL 5TAR? 00 d9000
30A 20 XTI*E2ITI4E*3b0v. 00.10000
31. C 0011000
32. C PI-thT ILT INITIAL FIELDS 0ac
33. C 0013Uo0

]a* CALL M'UlT~r0t40
354 IF(I Tt.L(:.-) ISTfP 0015000
36. 0' 90 1STE0UIIIER 0016000
37. C oo370oo
3e. C CA"Pt TE (ILL INVISCID TERTMS 40018000
3q* C 00.19000
Joe CALL ACVECT 0000000
at- c 00"1000
Jae C Cr"QUTE VtSCIUJS TFq"5 0048000
a3m C n043000

40 CALL 'lIP 0044000
US* C 00aso0
46' ( A11C LCD PRESSLRE GRADIENT FnRCES TO TENCEkCTES 0046000
07 '- GIAGKMSE (QFCAVEQ) T04E PRESSURE FIELD (00.7000
up C 0048000
Aqe CALL PRESS 00"q006
so* C 005000C
S1. C MAPCI.ING IN TIME 001000
52* C FIRST TIME STEP IS FrMAprO IF START I3 CA.LE0 00,32000
53. C 00-J3000
546 IF CIS1EP.Eg.I.APL.1TIM'E.Er-.0)rELT80,S.DELT 005400c
55. CALL P4.4(1 oosooO
96* IF (IS?EP.E(J.I .AAC.ZT M

E.E0.0)I'ELTni..DELT 0056000
S7O C n057000
See C WOINE POLN(OARY VALUIES FOR VELOCITY 0016000
594 C 0059000

66 CALL OPLNOV 0060000
Al' C 0061000
Gae . CI.ECK IF mELT 13 STABLE 0001000
*I* CC 00i3000

60 CALL CmF.CK 0006000
A5. XTI"k8XTI"E#0EL7 0005000
6. ITIMEsXTImE13606. 0000000
67* C 0067000
Oa. C PRI1NT OLT RESULTS EVERY ISLIT STEPS 0006000
64* C 0069000
70. 11C

4
000ZSTEPoIfltT),EGeo)CALL PUTOUJY 0010000

?1. C 0011000
?as C of-ITE MISTOPY TAP1E EVERY ITAPE STEPS 001200
73* C 0073000
74* IF("OOCISTEPITAPI ).EC.0)WpRITEC8)ITIMEDATAI.DATAZP 0o1400o
75. 90 CO

M
NTINUE 0o?5000

760 STOP 001,6400
7* END 0017000
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era C 0058000
#0. C CIFINE CE%SJTY RELATEC CONSTANTS OSSCcou

go& C 6o000
414 Roe I.10yo0
q4 OP' 130 JeI,'. 0042000
434 110 BV2OJJSI.E-6 0043050
94. 0044GoO
95A C"I 13; J.I,. Ooldlo00
96* 13S T00aAPAXl(T'9VvRj(jJj 004000
974 TRv~l.,SG'9T(?Ovj 0047000
986 C 0048C00
00. C CfINE 0,4 1ZONTAL AND0 YERTICAL rIFFLSIBN COeFFIENTS 0049000
100' C 0100000
tot* C~FI.0*~~J*/ET0101000
1024 CMEFZGQ.Ofl-.CZlil)**2/DELY 0102000

103* op too 18I1" SI olos
loolb too.~)VE(*5*£tFO~t4*)7) 0104000
105' UM' 150 jal.NI 0105000
104. 150a K)CEZ(.5.EPV5TJ /iEP.LA(1J/.) ~ 4Q
lqi. RETURN 0107000
log* E 14 0100000
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CARD 1MA(.t FILE E01yeRCCILN) -- VERSION 01.29 0ATEmlo/abea ?I~fesfikI2laQ

.0. StdR.YIN SIAk?

at PA9*-LYR N*2l,0uol OclovCo
3. aA4E INIPlM2h...lt. 0003000

4m Iv2*,I)~~r1,)8C.lR3~..)~3V~) 0004000
I. 1Y3M.1PCI%)P-.I 0000000

9. C007000

10. C1..L%31'. D0At(.NC),0ATA2..tI 0010000
Ile E31LLE%CE (0A1A1,0AI1.(0ATAa,VRe1 0011000
see C 0012000
13. c IkII1ALIZE 'AS$ FII..oS FAR A YTEeAET1CAL 91kG 0013000
14. C 0014000

I. 11181 0015000
The 128130016000

17. 12181121 0017000
too 122801 0016000
194 A"AGGO.0lil 0019000
20' '" 10 191,11t1 o0d0000
210 10 C.ISMGCSL*(.I)P..051GR 0091000
Jae L~o 30 18121,12a odaool
23. 30~CI31(~~1*E(FA(.2.,0)09,00
20. 0A~ 40 jgI,%2 o0i0000

26 F&CTztxPFLA(jP j)/j*) 0095V000
ab 1 4 181'"1 Oodbo00

28* C o~h,)AI.1~C 0096000

2q* C P6ESS69E 15 ORTAI%EV 1,YCRASTATICALLY POOP @t.SVANCV 0049000
30. C 0030000
31. it)333," 0031000
32. Co0I1305.2( .11I 032000
334 60 J82.1-1 0013000

34. CAt 8" O01i~CO

35. bc 0035000
36. C ~ j'.~ 0039000

37 C TI52I.1W Y131 RCIN ALPC 17-MS 0037000

305* c " ooib.3Io ?

.47* C, 62 0047000
j I. 0 (w . SP QA1 , p 2 E'0 00"000

40. .r'0ou,~' 0300
J3. ^umAA(1afAhzui0320

46* CILl~Nv003200C

576 QoCtIC).'~2I 0037000
5A. c fTC 2O)AU 0 LAFO 0035000

5o. io AC 3% : 1~jI0,13,JJPGFM 0031000

534 c- PrF Ruln S1iI. 0053000
59. 90CT? ()BAA2l 0039000

60O. f~ 0060000
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C&RU JPAGL ItLE Et-K'e(?cCTPlw) *VfQS3eh OS. 29 CATE0h),2bAa TlwEs~l~ji1  9Q0

20 PAhA.tiTE. "32ial 1 Psi

Of Be"'ON iyr ,P.I),to I I Fh flAIeN IC!G), ZO% V02(IfSCOG

10' C L&Tcr.&L v.%PApy F'a ?ANGVT!AL ANO R&CIAL V.LMCITZES COIQCOO
io C ASSL*ING CP'.?1L'i.u3 Ve-AICITY ANfl I'IVERGE%CE OQulfl"O
Jam C 010 E'C

is' r. 11 jaI.'I 001 3u0c

160 ~ P 0016000
17* END 001000
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CARD Z''GE FILE Err?71rCFF-) -- vfS10 05.29 CATEsIo,2e,PF2 fi.EuIalI12194

I a SLAR-1',0IN DIrF 000100c
a. C 0002000
3' C Ceo.PtjE ?'..E PIFFSION ?ERmS 000300e
a* c oomCoCC
se OA6.AmLTfR -21Ki 100500

be PAWAILtTEA IR IPu2,~Nl~s. 04oco

a vZ3.~).l3C'~hI)P(~l'~lq007000

lot C4'""fjlV 4
0Ito 0~2(~01 I PDR2(-) , Z II Z20- I)sCZ I(h I) DZ2 IN) 0010000

its c'
4

j~,k..R(I)~2 A~~,NA~N0CR,~.cK 0011000
126 rt-tNSIRN VOooIT.N)VZa.c)0'lN300 o0
13t EG~a',ALENCE CVQD,I),(V'.vI), CVZ#vZl).CBB1) 0013000
144 c 0014000
is* C ~'tMIZfITAL DIFFUSIeN OF RADIAL VELOCITY 001s000
16' C 0016000

1@0 0lt 0017000

23' C 00930o0
24' C -OA128N?&L OFFU3M 5IF' TAPYGEP.TIAL VELOCITY odue
25' C o0ds000
260 n' 20 JEl,NI o0dbo00
a?& 0'! 20 132.lI 00970o0

32' C 002000O
33' C .0,.IZSNTAL D!FFU1IN OF VERTICAL VELOCITY 00.13000
34. C 0014000
350 0' 30 J*2,Nt 00.15000
36' 0- so Iva,m2 0016000
37. 30c Zf,)v3IJ.~!'((ZIlJ.ZZJ)02' J70Q0

3.'* I fZZJ.Z.,J1D2Z)O1 00.10000

414 T"1 40 J82,141 0041000
42' 40 l(,)V3l,)'C .VZ2J.ZIJ)('(tCIi) 0042000
a]* 1 .,.~1,)VC,)/rR(IRCJI 0043000
440 r~0 50 jae.!.I A044000o

46' 1 *(ZPVZ".)/D2MII~)I0044000
470 C 0047000

11 m C ~TI~LC!ruSI1N 4F 0 008000
q*' C mqo
Set Del 6o JUINIt 00j0000
It* 01 bu 182,"2 0051000

53' 1 CUJ.UIJ)02~lXII 00J3000
sl4t 2 0..c(.J)RIJ)fR(.)R I) 00%4000

56* '70JistNI 00116000

58' ?cO5(~,)qIJI/?22'12I 0057000
590 cm 10 JwtfoI aosgooo

600, '0 R3Me0a3PIJ)aKVII0004,)4.2J)(02R)CR ')
61' 1 ((.,I8',I/t2R .~(11 010
620 C 0062000
63' C VEI.TCAL OPl~SON IF RACIAL VfLeC??

9
f 0063000

64t C 0064000
"5 q1 0 J32.N2 0065000

66' V, 90 Z920"tI 0066 000
67* 40 VRI(I.J)1vR3c!.j1.ZK(J3'( CV'CIJ.I 1.VR(Ij))/0Z2(Jsl1 0067000
69* 1 cVoCz,J).VRcIJ-1))/Z2(Jfl)PZ1J) 0008000

700 IO002, 0010000

71' ItIo !2, 0011000

73' C 0073000
740 C VEI.?1CAL DIPP~,SIR% IF TANGENTIAL VELMCITV 00140Q0
71' C 00111000
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CARD IMAGE FILE EDo 8OCcIFEW) -- YES1R Oi.jq CATsl~01260 Tuf1"E jIie39lq

76. c 120 J82,%2 001000

18. 12Q V13(t.j)sVT3(I,j3.ZK.(J)*(CVTCI.J*I ).VTCI.j))2j0Z2(J.1) 0076000
19. 1 (VT(!,J)..'T(!,.31)),ODZ2(j1)/DZI(J) 00,9000

at* 1310 Il. 0081000
ea*1 O 130 V3 182'-f.1)ZC)(VC,1?Ce)/O2C)Z() 0062000

83A Ian0003000
85. 0064000

8* C VEI-11CAL OIFFL.3IRN OF VERTICAL VELMCITY 0006000
87A c 0087000
$8* nm ISO Jal'N 004,6000
90 OR ISO Xat,1I 0009000

qOA Ise v23l~J)uVZ3CI.j).ZMCJ)*C CVZ(I.J4I )-VZ(IJ)IdCZI (JI 00-00000
91A 1 *(4z(l,J).Vz(Ij.t))iODZ1 J-I) )iOZ2(JI 0041000
92. C 0042000
93. C vjI.TIC&L CIFrLSI'N OF E 00430o0
90. C 00omooo
95* r" itis,?,. 004S0g0

97. ItOo~c.~~(...J.P !J1.(.~d0241 0047000

99. 1' 011" 0099000

III. 7 1 8 1 '.1 lo I o oo

InP. 17C '.(..73(,I.M')(~I~I,(.f/C2~)I2(1) Olwlogo

103* PE?t19N 0103000

104. ENO 0106000
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CARD IMAGE f LE EC!?rflP(CIv(I) -. "ES0 05. 2 9 DATEGIC/26402 y1MEgI~u1jII2Iq4

.MNMEM FPAVRO

I* SIRNOUIINE PFd.PL 0001000

20 P*0AMLYER 0921,,il 0002000

36 PARAutTER 0030

me PARPLY1ER jngm2*pG~t4Pti %#-IftNj 0004000

is Cl-~'KiAA(DAA(C)PT3%)PPel COUSOOO

#isO,.U4I~.C(% ,V(IAPa.Oe8~CR,,Ka.KN 0004000
76 C'4m-0NFeIR/ELT.1TI ZE.ITIME. ZSTEP, ISi0.?TAPE.TIIV o0070o0

so C 000400

q* c REPLACE CATA3 wTam T14( NEP VALLES 00oq0g0

10* C 0010000

1i "10 Dto8i3.N! 0011000

124 I0 CATA31I)af'ATA1C1 )..CELT.OATA3(I) 0012000

130 C 
0013000

14A C ?ZPF Sm(%T'IIG 0014000

ISaa C 
001s000

to* !P(-AL(ITSEP,Sw).E.C)Gl TR 3m 0016000

17* On !, X2.NO 00l7Oqjo

I@* 2c UATA2CIIUOAA?(I)4(OAIAI (I,*UATA3(1).2.0hATA2(I))'hLPO-A 0010000

tq* 3o CI.fl"LE 00 i9000

al" C 
n~oOOO00

alt c 'til.-ARD "ARC9.1OG 0041000

221k c oodRaOo

2i' Of! 4iJ IUIN"00300
246 'an ATAlC1)6*OATA2(1) 0094000

as* C' 50 IU1," nadso 00

24* to ATA2(1lat)ATA1(x) Odboco

ala c 0097COO

280 C ZI.Re IL
T 

CATA3 IR NEW~T STEP 00d$00

a
0
4 C OOdqooo

30. Cl 00 ISINr~ 0010000

314 6C~ r'AA3(1)gO. 0011000

32* IE TO" 0032000

33. lt 0033000
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CARO IMA&GE PILE EC110P(CIFEW) -- VEDSI14 nS2q DATE810/2b/I2 T1.EGIQIgItt2a49

I* SkI8NDUTINE r'.fCl, 0001000
2' PAHAMtTE$W "82aalail coulcce
36 P0AMLYEH .I..2.2tlN1.2414.2 0003C00

5' 1RPO/M V I p(P. I) 1VT I('.N I ,V I 1 *N)V3Fl)V3.111 000400Q

7' 4.R~3~CIQ~M)f~()Z Nl~1.Z N ,Z(~ 0007000

Q* CZMLNSIMN "PKi(MJ,W6FK2() 0009000
10' DA" 1J5 u11 0010000

12' 20 WARK1(1)uDR2CU)/APAXt(I .VR2(1.J)) 0011000
03% "I~N1&(IqRIl)#t 0013000
to' Caf4tt*%*~ 0014000
50 Ot.AmlNl~flT.DELT) 0015000
lb. to C IN T 1UE 0016000

IT D 'JO 1810.1 0017000
aO 30 JisIN 0016000

1' 30 .eQK2(J)ZrIZ2(JIIAPAII.,VZ2(l.j)) 0019000
206 M1N8MSNAG(0QO)I. CodOOgo

13' 4~0 CeN!114uE ooo
20* 0 OTAH4I(MT, TRV) 0016000
is* IF(0l).GE.t'ELT)R0TL'% 00150cc

J6 DL700.75*OELT ouibco
276 PRIN4T 100,OELT ?0.P1.. '....) OOiSooo

aq* RET0JI1 00.14000
306 ENO 403000
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CARO IMSAGE FILE EOTRCFW .- RSIe 052 DATEIO/iJ61! TlwE4;iatq9

It SUel'OUTZ'NE ZILCO-CA.K) clo
is otmthalsZE A~N) 0OU2000
34 10 101,4D ocuBlcoo

A(1)80, 0005000
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CARD IMAGL PILE ECI!?P(CIPEW) - VERS350, 05.29 DAYElO~a ?*E1o18ll

It SUBROUTINf ADVELT 001000
24 C 0001000
3* C C3PPLTE T14E ADVECETIE TI'l 0003000
Re C 0004000
So PARA4LE Mm21,%wa1UCO
6k% PAR*I*ETER 000#000P2IA*~tNSRloooo

lot ~ ~ '5~ .ae,~cuD~4.UZrdvoh)OaN 0010000
Ile 

1  jM/~e(IVC)h~i* ASO.O~u,.l~.kN 0011000
lam UIpMLNSIOP("# ).T('hIZClN)SM1O1)011
13' EGUIVALEhCE VVl(V.V) Zva.(66 0013000
lot C 0014000
ISO C mikIINT*L ACVECTtM% FOR RADIAL VELOCITY 0015000
10' C 0016000
170 CA to JMIONI 0017000

Is*1I3,~ 0016000

21. *vR3(tj) 00-11000
22* C 0011000
OR* C NOPIZONYOL AOVECTJIN FeR TANGENTIAL VELOCITY 0093000
40 C 0094000

25' cm 2n Jsl,N1 0011000
26m 1" 20 Isap,'~ 0OA6000

274 20 ?(,~..5t(RIJ.RIIJ1(TIJ.IIlJ)CII1 OgloOo

290 2 OVT3(1,J 00,1000
30e C 0014000
314 C k"AIZCNT'L APVFCTI0% FIR VERTICAL VELaCITY 001000
32' C ogilcoo
33. OR 30 JsjeNd 0033000
30. o" So Is2,'*2 0014000
35* 30 vZ(,O-~2.CRI.)VCJ1)CZI,)V(~t. oO(I 050
36* 1 0036000*Rtj*~ JCV(,,).ZIJ)b0(, 7 ~ bO
37* 2 *VZ3CI.J) 0017000
3L'* 00 4() j32,Nt 0036000

40* 1 *VZ3U1.j) oiOuooO
Ut. rRso J32i,pi 0001000
42* 50 vl(4J.I2.V(1.) ",.).VC1J.Z'.,, R2(0t3 0001000
434 1 #VZ30tI,J) 0003000
011* C 0044000
05* C 4nklinNTAL AVVECTIRN FMA BUOYANCY 0005000
&&6* C 0046000
07* Dot o JiI,-)t 00*70 00

Ai0e ho A 12N 0049000

sto 01 l Jl 000000

524 70 03IJb1( J..*R2J*R2J.~.)/R()0052000
53. CM 4 Nflt,pNI 003000

so* C q 005000

56: C VEI.TICAL A(VECTZON FtTO RAIAL VELOCITY 0096000
5 7 C 0057000
set tn q0 j32.1.2 0056000

V01.)V)1,J..5(V(IIJ.ZIJ)*VC,)v qIl 0060000
41 Q 1:24110059000

2/r1Z2(J*I)1 000200

3 OR S 1@ imi 0306



CARD 1P.&Gt PILE ECITOP(CI6Ew) -- VERS1ION O5*Q0 CAT[QI0.j2&je2 TIM'alikelil1J40

72. um 100 J%2.%a 0072000
73* CO 109 18'" 007300
740 t0oo Il,)V11J.O2. V(.,)~C,))(T(.)'!1.*) 0074000
ISO Il()*(2IJl3~(I.~ )(II,*)V(,) 0015000

??a 01 10 ZaJ) 00.* orACoC

78* tOs n'(ala?(.I .. 5fv(.)s2II2)*V(,)*T1l) 080
794 Ir~?2 0019000
Ago ell lot 182'"1 0080000

826 inrkltN) omagoo
A3a C 0083000
S0* c v NYlCAL AVECI18'. FOR YEPTICAL VELOCITY 0084000
050 C 0055000

40 C" Iau jg)% 000.000
07. A 1-40 1 a I 0051000

e4* i I 000900
90 2 ~ 2 of) t I I 1i1*Z1.)*YLIJI*OC, 0040000

0 C fZC) ovqaoOO

90 C VIAJIICAL ADVECT10'N FMP 40092000
03* C 0043000

905* el' 15.1 121"1 io4s0oo

90. 1,0 '1I15(. )U ~(,1(2(,1~(,11022 0OV6000

100* 1~ l7'I 1I~ o0ooooo

202. C 0 30
103t c W. 5A1IA TERMS FOR aMeP1ZMNTAL MRMENLP- OI03000
tout C 04a000q
109. (0" 110 Jnl.%t 0105000

1064 cm 110 182'"t 01 06C0o

bA.* I t 0311,j)sv~ll,j).VRCI,J)*(ViTI.JlIICII4CPII 0100000
Ion* C 1 0104000

110* C OILeOYACy ?Eh FMR VERT1ICAL ACrELEQA7IOJv 0210000
III* C 0111000
1120 c" 121) JUa., I0112000
113* 01 120 1,1 0113000
114* 120 vL(,~V3ZJ..*

8
?J*t,~ )0114000

1150 C 0125000
1160 C 371IFIChTIAI. TE~m 011le00o
117* C 0111000
Its* re 130 )i1.?'l 01 16000
114* OP 130 Int,"I 0119000

1220 END 0148904

"EMMEN AOVEdT ADDED ?m S3ACC * 122 RECORDS
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CARO 19'hGt FILL E~7I14Q(CIF~w) *. EOSI'P 05.aq OATFsuIo/26jea ?1*EM14112812190

1. SI'S' LT?%F PU~eLT 0001000
2t P*A.A~TEJ '*'2i,tr5* 0002000
36 PARA-tTFR IMhU..~*.,21. 0093000

4a 1V2''1)V2M.)UCP1N)V3MN)V3~N) 0004000

cvNj.AD ppI)~2(@1,O1 (I ).D1IN.1N,2tI,~l.ZC) 0007000
74.',K(~ 0007000

qe C*M-N/FlOInELT.AlI'"E. ZI'E. ISEP. lIMO, TAPE,YSV 0009000
100 C 0010000

It* C ?.18 SIWPqOUTI%e PRINT OLT FIELDS FOR A 0IUICK LOOK 0011000

tat C 0011000
134 rI..L'43I. 1 t4 c, 0015000

jut' 7AC F A(i/e ACIAL VEL-ICIT' (C'iS) AT Ta3.6.' NI) 0014000

Is* 7 s Fir-AT(/1/i/e IAKGE%?I&L vELmCTY (CC"/S) AT Tau,.I4. 0e) 0015000

160 710 F'0"Af(i/11,1 VEbTICAL VEL^CITY (CC'S) AT To',1&,' p') 0016000
176 71S P'o"ST(J///, I*LeYACY FIELD (s.001) AT 78,016f, 0.') 0017000
Is* 725 p p"*t//1/01 Pkt$LLE Cell fYVA.E/C*2Zj At TIME1.Io' 0-0) 001800

14* 720 IQA(~.ii2l'..4 LT'LT AT TImE 81,16#1 5011 0014000
a0* I F0.2e' PAY 13TEP 21,170, .... *4' o90000
210 UAY3XTILi~0JtM.*L *OLCI CPA oQC

22. PN141 ?ZQ#ITI"E,OAV.ISTfP 00gico0

jut~~~ D1 10 lo# 00ag

253* 10 IDUC1.#JUVq2CTJ) OOAsooo

270 CALL -AP[tIlm,Ql,22,,-,N1) 009700C

jet8 0 ai jet, 00g8000

30. 2,j IOU,-( ,J)SV'2(1.j) 0030000

]is PPIItT 7j~oITI F o0jI5100
324 CALL APdTIfl'~r1,2'0N1) 0012000

33* r,' 3.) J9l,' 00.13000
34 -3jLl" 003"000

35' 3C ,CL.JV2IJ 0015'00 V
37* CALL A(* 2,ll 0037060

3F. - 40JXl,. e038000

l4e. PRI14T 71S,171pE 0041000

'416 AL 1104 000
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CARO IMAGt FILL LrIPO(C?,Ek) .. y~oS5IN qS*2 q O''TuI8il,6a TlwEuSaIj212q

.** LMV1tH MAP

3* (2IMINSInN R(k").Z(NN) 0003000
46 IN1LGtW A C~N.0l)IC)0004000
5* 70 FM1I..~aI)00")I0ooI

64 P "N(J~M 0006000
So DI% If) 181,14P oaca0oo

9a lo I0IUJI...,eI0006000
lot oft 20 J41,NN. 001000
114 2o 1ZcJ11J2.I.EL.o.I 0011000

16. POINT iJJ 0012000
I?. 3 PRINT1 70#,?ZCJ)aAIJt) (0017000

tee jNIJ 0016000

lqsEt 0019000
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CAR.D I-~AGE FILE CITAr(CIFEWl vf51 05.21 r'ATE aI12t,Pi TIrEs1ojjI j92aQ

I a Si .. 4't Li 1S I srW ~ O~
2. C E'c(21'00
se C 1.15 St..Q-TINE0%F SE

T
S LP FftwCING FuK.CTIZS hn" iJO[NIA'YQU3C(J0

Us* C rD31'IT~mhS FAR. ?NF POEMS WE DIAGNISIC Er ONS FAR SOOLIJCOO
S. C 00-15000
be PAPAMLTEA. M321,Neil cov.'oO0

P A WAm.R''f41 - #Iu.1,2832,NI t.- I, .22N-2 00 417 c0 0
5* PA444tIi NRLK2aPNHLKIzHLK.1 o00tocc

q. RE1.4' RC'4PqI.AV,wIN ,LA#DLYI 0 cU91, 0
too Cm-M1-4 #Pf-/VR Il k~ .I) .V T I~ )VZI 1~,35 (0 11,02~~.3 Oulocce

its l3~,)ki(.l.PPt 0011000

154 C 0015000
16. C iP.NP IS 

T
-E SIZE RF X AND F 0016000

I?* C Pzl2.ul"L. 0017000
t8a C 0018000

20. PARA't.TEQ~ -PlUM$l,m2P.2P,NPuN~ip'.D23NP.2 00g0000
2 1a CAPmE VO/.1v (6-2 P2,'K,RcI R IFVI (wP2,.P2#,NHLk I PC IR eOv,3)D 0091000
22. 1 qTtI[ £(mP2J,F('PP,P),-4SIZ2(N6LK),IS(N0LK),3LmF(N6LK), 00dgifl00
23. 2 IE(NI-L. ),F It(MP),FINC"P),F21 (NP),F2m(NP),AXC.WP),AY(NP), n O0d300 1
2". 3 R9 (' p )CX 0 )C'cy(0P) J0,94a000
250 0I'L'NSIM'% UL II ~o2,-P2),(P,NP) 00eg00
26* EILIVALEICEC!'MPYI ,RINV(l ,1,N"L*JI Io0dbt00
27' P'ARAMETER4 PP *P 00,97000
28. rATA ULP-Y1o'P-*.1 .j.0PMP6./ 0098000
20. DArA NCALL/0, QOd9OOO
30. C '1851Z2 RLPRESEPTS P,14'8ER IF INTEPRW GPIC POINTS IN EACH. BLOCK IN X.0100310000
31a C N2 PEPRESENTS PIU-REI. rF IkTERTOP GRID POIN.TS tN Y.0!RECTIMN 00.SICOC
32. C %9LK NEPWILSENTS NUm.Er (IF BLICKS IN X.0IRECTIlN 0012000
33. C THE( VARIA'.LES At I AII..Ail #A21 TAKES TH.E VAL11E 0 FIR DIRICO-LET 8.C. 0013o0
30. C AND I POW NElIP4NN l'.C. AT TwEIR RF31PECTIvE BOUNDARIES All CORIR(SPOND000S000
35. C Jul At', TOs Ju, £21 TR 1T A2M Te ltp ocisogo
36* C RRNOARY CONCITIO-IS AE Ooi6ooo
370 C 1(, t~.~1.tjt)A1.'C,2.l C) 0.70
30'a C I( I ?. )*(I A I'.X (I fP )*AIN* (X(I NP-t )#FIN( I)) o 003800
390 C oct,Jua(1.£21 ).Xc1J).A2141(2,j).F21 cj)I ooi'.ooo
4104 C i (MPJ)X(l.A2'4).Xc.R,J).£A~m*csctP-1,J),F2Mc(J) 004O000
41. NCALLUNCALL&I 00411000
'.2' C Ooian00
03t C T)EFINE 1t.E PIPCING FUNCTION IF Tt.E ELLIPTIC EQUATION 00413000
Mae1 C 00414000
as*. Ut 10 j3t,NP2 0Q'45000

ab 10 IvIf,P 2  0041*000
417m IC FC141eJ#l 1uCXC141)OOR2(tl).VQ3CII,J)*VZ3CI,Jot)j0ZI(J) 00417000
a4e5 OOQ8O1IC2I)VIIJ)V3I,)OICJ)R. 0460
'.0. C 00iqooo
50* C SET LP AN INITIAL GUESS 0050000
Ste C 0051000
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CANRl 1"&Gt PILE ErITOP(C1H"-) VEQSpIA 05.24 DATEsIO/26,82 T!mEw19112299

*0* MMEN PQE33

12* 1PA.CALL.GT.IJGF. Te Rc 00:12000
53* C120 J8INPj 0053000
Sao flA 203 11,0P2 0054000
$5 20 xI1J)P(, 0055000

17* CALL S I. )0017000
s8. CALL LCq'NJ0050000

10 CALL LILC.4cF21,,NP, 0059000
boa C 0080000

b1* C OEF1NE ?T.E FORCINt, AT BeUNDARY 30 TOIAT TO-ERE 0001000
bat C 1S GRADIENT BALANCE AT 1UTE

9 
BOUNFCARY O0020OC

63t C 0063000
bat i 605 jaa,,.P 0064000

66* 605 C-4T1NiA 0006000
476 lta 000000

bat AINSI 006000

6 . 2181 0009000

71* )14 lot J22,NPI 0071000
72* *C, 5R2,)A 2*2 0072000
73* F( 2 vj13F(2,Jl*Aj(j)sFZI Cj)&A2I 0073000

Too *1* v 13J)(1.-AI)*%(I, II 0074000

?at jal C1NTINLE 0 0 600 0
Ica In%aL.UICL dS*I- 0079000

e0*l~. 0080000
Pit CALL 2Sz(,2)Avi)*Fl1 *AII24 0061000

90* C0080000

91* C CIl.E !isE AG.SEI 0*EsupE 000900C

Lobo IQ C'.Il Ut 0086000

't*. E 110 l t 0068000
95eqo (,~*(.,. CAL '09000
90A 15C.i% 00*60000

92. C 0o0700o

93* C 00 0

95j* A20 ( I,J)*(i,j4)(01). IlJ 0041000ElJI t2o
101* Al ' Cn,,T ,'i 0l V 0000

106. C~ 06000

107' C ' 007000

lco. 2v ji 'p1 olca36



C&kO I-AGE FILE Er~wf0- .. V 0 ;5 1'j% 05.24 hl/~0 !'E0l112

I& PAJ14t T~ 0002C00c

0* 0I1AtItTEP Nr4Lwxi,NP1LKlU'LX-t noub0oo
7. iEAL.009.lIVL1,~4Y 00(17000

10* 1 
0 T I I ( PJ) ,F ( -PNP ) p 'i 2 (019LA ,I S C -!4 3 P 48L() 1 0 0 1u0 

1 21E E t 1I (MO),P 1 N( ,2 ('4PF ?w C NP A X (u PA VCNPe 001 1000

tat 3 '1(~~)C1)C(.)00120c0

Is- 3If0u.1SZ21.)2 001500c

166 rm 4 N~v.1RLK 00 IOCOO
1?* 1('~5~.1.et~~~10017000

05 Q c . o,1LE 0018000

20* J5('i~*l )zTE(0,k)-t adooQo

214 qS C"NTI4.E 009100C

22. 15(1)81 coiljog

Z3* I~ Il lz,Mp2 oog3coo
2'' DA It(, 2.1,3 ooaa0

ON* c. W)' 131l"P Oodsooo
260. 1C H(,J)80.u 004600

27* Ito C'%'3NLE 0097000
114 RC~9'(I01 .2021.1 00-fecoo

N*5 4P21(Ei1).1 oo~f9000
lot C!, 13o J132,NRS 00.10000

]I* C" 135 Ina2,PI 0011000
32* R~~I3u-11.C

0 11,)otl*10(.)A(,l.0032000
33* OC*S,1CU)0041l,2)C(10.3000
34* 135 ClN(1~tf O.1isoo0
35* c, 2.40 IVI,'P 005000O
30. *0011(,13*000c(1.0) 0016000
37a Pc~k(I a )1McC0*CI*3) 00)7000
30. 1(10 C^-Y1%Nt 0038000

3ql I 30 c? .E00i0000
110* ~ I 15 ul 0040000

410 14 CONT''I,?)aC0 30 00*3000
*3. 11 C-T t 00.43000

as* CALL 'AT I0(f11o.f1 00415000
440. 01 1to0 1I,02 0046000
17* Clf teV 1It "P2 00'17000
4180 1V 1J I 3u0~v 00418000
49t rl I&I Ko,"PP 0049000

500 elc.~*u 0060000

Sim t60 C4&tVILE M052000
533 DR 17(1 tSI,"P2 00J3000
Sao OM In( J*I,,'P2 0054000
ss* 41j.V(1,J, I 0*tn11v(3,J) 0055000
30' 17C C*14T

1
NUE 0056000

57* 04 205 (.iI.214LO 0057000
Sao U" 2115 U1SI.Ma? 0096000
q51* C" 210 JMI,3 0059000

60 or il ISI,1p 0000 00 0
00l* 9CT4(0,J)mQ0 00itOGo
tat I10 CO%?INLE 0061000
OIL nRo eau1 Is,'"P? 0003000

69* 220 CANTINLF 00isoo

60 QC5*(LI~j,2)SIQ 000000
by* UIB0.ONt) 0011700

be* II(N8).4 008600

90 ?F09B.17.1141.9) C-0 TM 232 0000000
70 E281k2.l 0070000

71. 232 CMNTI'NLE "071000

721h t) 23(f Jlulft.?ki 0073000

73* 001 alb Ima,"1 0473000

60 233 CMOTNuIE 0010000

77* 0'2440 181'"P

37



CARO IMAGL PILE !CTeg(CIP1.OJ -- vkga3 ek052 04 oaE I Qa,02618 TIME1112112196

7pa QCqC1 I 3.1mC8R (3f 0478olcoo
7 14 ;.CO'4(1 .213Q00(1#1) 0076000
80. a'0 CANT1LL 0060000
a1 t 6 ~t Nt 0001000
sit 23C CINIPLE P0620o0
e3ft 1~(IF0 ... 4LI2 (.A Tl jh; 0083000
e6. c! aqt 1a3,P2 0056000

th56 t lS NT.AZ,,0a(61I I 3 0005000

eat '*Y (ltSCOUI2 0086000
eqe 2 (A7 C!~~' 00869M90
qt % G- Tj 24 0090000
Il1' 246e C'NTISLE 00'U 000

62 423 .2P 0043000

q7. 215 C--rI-LE 0047000
68. C&LL At.(C~I)o 0o0 00o
66. lF'.4.Er.-.4L6() (.P Tl 275 004000o

100. "1 2fo jai,-P2 0100000
lo1. c" iou 1.i."P2 0101000

103t ',A 261 .81,02 0103u00

lo5* 261 CIN
T
ZNLE 0106000

107' QO 270 je3,P2 0107000
toa. cf, 275 181,0P2 0106000

1106 270 CI'Tll.LE 0110000

111* 275 C3NTI'.UO 0111000
112. 215 CmNYIP'LE 0112000
1136 ..LTUR' 0113000
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CARD' I"AGk OILL f 1'Ir T ^A~f§1S/JO/1'J I
4 T

ssluj?4/I

ee atL n

1,.F pA. P~.)A(D-D U0,15000

So ~ t3u. IeI! 001J8000

c0. It, 1uI"Pt 0007000

12. Ii e~.I IaI. 6( 00332000
i3~ l3'110033000

Joe 1 1 4zI 8 t , . 0010000

1It*1tI~, 00111~0

3012t r,1~. 001io0oO
I]$ tiJi, 00130co
14. .1. 12o 121oT .1 00o1000

22' 120 C'%y 1
%0~ 00 1 t,00

lot r C I I t ~l 0 0
0O0

27' 330 C10 T1"Lt 00mocg

30. 127) Jal,"c 00h0000c
Jim lt .(~Ja(P* 3 5 t , 00dI00
2. 127 c1'Iu 00iZ000
336' 13j 11i1*1 P 0093000

Jae 1 313 Ja 1,Z 0015000

is. puxi0037000

30' 1~ C~rA jaIP 00'30000
It* Z 57Ja, 0011000

32a C'I'1r 0024000
33. f" I Ixai,p' 0045000
'18t m 155 12111,1 0014010
J7. R(I2,J)'8 I2J)U i1).2) 0015000
48. les Cft$!.IE 00,16OO
uO. 35C 181*1u 0037000

50. (1,)m~ 001Q000

a1e :q 57ja'" 0041000

Qat 2(j~a(1,) 00239



CARO 1"AGt FILE cEUz'9oRCII-E- -- VE0510k 05. 2q DAEulI1,ilO/e2 IE112294

2. p&00o1?TIFIIo2~ ~ 0001000

3* DAWAI9L?~r NHLRkL032F0slULK.I 043000
40 PAA-LTFR "P&a#.I.PPaN, 004000

So P&A FTFR 14plau.lM02a'P2l.PINP-lINPaNP-2 0045000
oil FEAL60 WClORINV.,9I%VIoQIILOA 0006000
70 PlV2M2NL)0NICP.PfL1,CRU,, 0007000
as I 

0
ITILLh(IP2),FC0PNP),' SIZ22'-LK)pISChPLK2,SLkVF(N8L*). 0006000

9* 2 ?~N..,I ,1 ~000000
lot 3 0~~ A)C(P.YN)0010000
It* DIME145I1N XCMp.p3p 00i1000
tat DAqA NPml,.4ffLK 0012000
13* u''4.* 0013000
144 00 ClsTt.1tjE 0014000

17h LN~3u(.8C(,EI~) 0017000
18. q5 C^NTILPL 0010000

10* t(F;.)tt r~~ 'll 96 odogoo

J2 qt Cvf:?ZE 0ood000
23* %SVA&ltxl 0093000

244 ml" 19 s.lats70T& ooi5oo0

2 SPIS1S(NA)+l oodego
27* 1[-2s1C(N41)*2 00g7000

20* D' 205 Im.P.'PI 0049000
30* (,* 54tJh( .C.1J.VJ*(,.)6C.) 00.10000

32. 105 Ol.Til 0jFoc
330 F(N,.Er.N"lLAj (-A 19 nO0 003000
34k > 5 d IT 1., i1 0coaco
35* JuE L p.). 1 001500
30* 21t ls2.mpt 0036000
37. rOL1(* E~.IL.(rJ .zr.(~,l.VJ) 00.17000
38. Ii(.22)1(,-I' 24 Cx Ct).0(1.1,Jl ))/C

0
(,,l 0038000

30. 21S C-.'Il.E o0iqO0C
Jot Q2.0 voiboooo
at* lt l,'P; 0001000

00 A ?0/5L-F(*.4) 0004000

00. "'t? 1*1,3 0"600
47. 4 R1 71 s,-r 00917000

a P r - ( I .00ou000
aO* 217 C- 1 1L( 0009000

50* cl3 jal."p? 005000 0
sit C~*JI2)(. l0il000

52. ol 221 J18l,MD02 00saco0
53* cC"Jt2aCq.(.,I0ILjCl2P~CJ.,8 03ooo
Sat 223 C"Nf1ZNijE 001)000
55. IF(NB.Egel) GR If' 252 00§5000
50. D! 225 jea2,PI 00§eoo
57* 4*co"(jp1)a.o 0057000

Sil 0 225 K8'"Pt c00as00
s50. ACnwCjvt)m0C1pCj,I2 o4CRK2*IVC.,~,..)00b0000
boO 225 CP'4?INL.E 0060000
01* OR 2 Zu2,"Pt 0002000
42,1 (,3~)uCIC~)Re(,I 0062000
0J3& 22b Cm4?1'LE 0003000
bat 2% oNIU 000Q000
65. CALL 4*~(.2,R.ECR30005000
06' 522 CIN 11-. 0006000
67f 230 Cl!?4'.UE 0067000
* JISIL(NOi., 0066000

tle On 220 182."Pt 0064000
70t oC! 1J*.au.(FCli.JI).AxCII*~IC ll .AY(41 2002I,41.1)- 0070000
71. 108(1.jI).k(I.jl ).LI(I)*Xl,411 2'l)CYCJI) 001100
71. 220 cnp.?I~ut 001200o
73* 50t CUTMP.E 0073000
74* 200 C"Ntl'UE 001,4040
75. OFl 300 N9181t,.LA 0075000
70* rwPaOJLK .048tot 0076000
770 ISP181S000#1 007700

40



CARD INAGt FILE Er1TOPrtrFE01, -- VE031 1,% CS.29 r A TF itI 0.26e6a T!Esliaiu2199

76. 1E-,m1E(N%).2 0016000
79* Jal"4i 00 7900
60. IFc%O.EG-.NL3 (1 T" 1o2 0060000
ale PmO 30i 12."Pt 00461404

e3* 1aC1,Ji.CZ~t(X .KlJ,j) jiCvCjl 0083000
68* 305 CON'TINE 008400
$So 502 Cm%TI%uE 0045000
4.. DR SSZ 1?41.13 0000000

07 F(%~d.EC.N9L6) (.0 TO 31 0610

a6* JI*1E(N8).1 0046000
60* Or 315 Z.a'"P] 0009000
00 qTL*I UCIJoe.PIJ3ACI*C~.I.YJ) 00-40000

4126 315 COP.11N1A O0000
03A Go TO Ile 004300
94* 317 CITIU 0044000
q5* Dm 319 Iv2,"Pi 0045000

90* 31C0T~U 0046000
00. 316 CONTINUJE 00460000

to0* A280.0 0160000
101* DR 316 Il,.Pa 0101000
102*t A0,2**2*0* (R1'ILLA(I 320102000
103* 316 C)N'1',uE 0103000
104* A38*2/SU~rCNP1 0108000
lose IFCA3.LE.ERAORI Ge TO 300 0105000
100t DO 320 Jul.3 Ol06ocO
We7 OM 120 1.i.'P 0107000
Joe* RCIW(1,J)uo*4o 0108000
109* 320 CnNT1I'uE at gooo
110* MP 324 J*.P2 0110000

112* DA 32" Jiml,mP? 0111000
113* RCORCJ~l,23.RCof. (JI,2)*Q1!LUA(jI )*OIkV(J1.J,NOI) 0113000
118* 328 CON.TIN.UE 01146000
list 1PCNt,.LG.1) G9 Tm 551 01 15000
Jibe 019 32% Ju2,91I 0116000
117* PC"N(JF,1.O.0 0117000
tie* 01 Sali K82."PI 0110000
119* QCoQCJfl )mAC~qcj, ) *001811R9000,-1,P.3oioo
1200 325 CMNTl1NUE 0140000c
late 37 32t6 1.2,-Pt 3141000
122* oCO(8)*(. s%0)8C4U.)0120
23* 326 CrNTINtQE 0143000

12". 55Si CaN rI -LE Q144O00
125o CbLL $SP'3(XIS(POJ,1L(NP1) 0145000
120. 552 C"NTIN1uE oldooCo
127* 300 CeN~T1NIJE 01,~0040
1ief. JimILl) 0146000
12qo DO 330 t82,MPI 0140000
130* HIIOC.)1IJ~3((,1!AC)XI.l)*(~.0110000
III*IJ.1.OI,1)i(,I *Cxc1)*xcI#l1j)PCY(jI) 0151000
1320 330 CR'NTINUE 0112000
1334 A220.0 013300
138* C1 332 lel,"P2 0134000
135* A2**2*0At'S(HT1LtAtI)) 0115000
136* 332 CPNTINUE 0130000
137* A38*2,f5UPF(1) 0137000
136a 1F(A3.LE.ERROP) GO TO 201 0118000
1394 NSTAR66Y2 0139000
140* 100 CTNTINUE 00*0000
146 201 C^%T1'uE 0141000
142m, 01 350 Joe.'PI 0182000
1413* (.3t0.~)I(,J,2*X2J.~( 0143O0
1468* z(MP,J)*(l.1.A*. l.ChP,J)*0214*CX("p.Iej)*72'(J)) 0144000
1 (A* 350 CR& I INue 0185O00
186* PR 36(1 22,"01 010000
We* 11l*lO*lI.(~)il*X!2.lC) 0187000
14866. £C I W1 I n-A 1 JX C INP )#A 1-4e( X !NP-I #.F'IU)I 01*1000
180t 300 CnNtINUE 01400
ISO* OnI 37l J0 2*P 1p 0130000
I51. PPC2,j3*8OA(2,1I.&x(2)*A2f l Jo
1520 F (2eJ)I812.J)-*l (2)F21 (j)oA2J 01sag00
Me3 sP(

M
P.l5 J30001. .I.J).CXtP.t),A2- 0113000

41



CARDI~ MaGt FILE ECI?8REC1F1W3 VERS11% 05.29 O*TESIO20iSI r!mEfl61jjIltq

Ise* PCNP.1,J)ufr(MP.I .J,.CWCNP-l).P2M(J)*Al 02*0
159. 371 CONvTINU~E 029*000
1564 01 374 1u2.'Pt 160

160t 0100090
1*10 37a CONTINUE 01610o0

1.3* END 0103000

42



CARD 1iPAG FILE ErI10F(CIFEk) -- vE51fNK 05.29 DAT031uja262 TIME14Il,11

m** MUEN~ 83M3

to SLOWOIJIINE %s"i3(l.1SS.!tL) 0001000

Go PA4t~ mps*23. pah1 0004000

St PAQA&~~hMPM.,FP3 0005000

be EhL*49 PC"RR1N.i.NVl.A?1LDA 0OU63J00
76 GZlUNS1". 4 (P0,Kp) 0007000

9. *L 0OU9000
104 2 !ECNI.Lh),FII CMP).FtNC*P),Fl1(t.P)eF2M(NdP),hX(*P),AYCNP), 0010000
116 3 !sC"F.P)eC~cI4P)*CVC*0) 010
12* cl 135 Iul."PI 00 12000
134* E1ISI*C.S* .CQIl 0013000
t44 135 CqNTIUE 0034000
Is* ISPI8ISS4I 00 IS0gO

Th Emi@1EE.a 00 16000
17* D~O 0julspli.iE~ 0017000
Is* OM145 loS 0lPI 0016000

RCN13*.E3*R3Cq*JAC~NC~Z )~(.) 0019000

at* 105 COIV'lJE 0091000

23.Jz.4t,. 9.c~13 093000
24* LkClRCL,1 )%RCPR(1,) 0040QO
ist* 4Cf"(Ip2)*lRCM*CI.)) 0095000
abe 150 cn%TZ~uE ooibo@Q
274 140 C"NT.INUE 0047000
26* RETURN ooisooo

Oil E~n 00aooo
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CARD IMAGE FILE EOITORCCIFEM) .. VERSI3ON OS.29 DTm@al ?MmgIsl3

to PROGRAM OCEAN 0001000

30 PARAiT&ER i1,.0910060
3. PARANIIERN MI.M.:,Ml~*2NI..,hml 0003000

So CI'48 ION OAAIQNt)vDAYAlCN)#DA1A3(ND) 0001000
AsiE~1~,~,~ 0006000thV2M~1, oeco

70 1TC,,,lMI)V1C1h)V3Mh) OquQoO
6* BCIN)PM,1IZM, 0000000

q* EQUIVALENCE COAIAI.Vmti)Co(ATAI.VRlICCATA3.vR33 0009000
too DATA VTtN*..AAN..OAAJD0j0010000
lie. CMOI?6RC)PCI.P ~~D2~.l*)Zt1.2 h)0lh 0011000
12. 1~f0dR~l~RN )#8V2CN).hLP~sf4)A 06O6CON I# ,, P)ZX (N) 0011000
:3. CfmOPOPifELT.AIIMEtIMlEISTEP,ISMO.IAPE.?UV 0013000
19. CALL ZPfUNO 0014000
Ist too FROOATC21I) 0015000
1A. RCU,0)TM 0014000
I?* RIADCJoI0)IER 0017000
III* "EAO(6.100110UT 0016000
to* 01EADCOI00)ISMO 0019000
a** ISTEP§O 0490000
ale READCSPIG0)ITAPE 00d1060
2ae CALL INIT doe~vo0
23' ifCITIPE.EQ.0)66 To IQ 0013000
2** C O~diOOO
as* C CONjIIU9D INTEGRATION FROM A 141SONY TAPE ooigooc
ab* C goiAooo
27. REA0h )IytmE,flAII: .OAIAIP OoiOgoo
25. G'O to a0 0016000
29. 10 CALL OART 00d9000
30. 20 XTI"EUil'E,3606. 003O000
31. C 0011000
32* C PRINT OLT? INITIAL FIELDS 0033000
330 C0030
30. CALL "UT8UT 0034000
35' ZP(ITtR.EfO.Q)3I0P 00310oc
360 00 90 ISYEPstIIE% 0036000
J7. c 0037000
36. C CPNPUTE 14YOROSTATIC PRESSURE AND rIAGNeSE IFATICAL vfEoj60I
39* C :00$19000
f10. CALL VP 0011000
at* C 00111000
oat C COWPI TE ALL INVISCID 7E9

6
5 0011000

80 C 0043000
~Jae CALL ADVEC? 00*11000
450 C 004500O

460~ C COMPUTE VISCOUS TERMS 0041000
o7* C 0047000
as* CALL DIFF 404040o
4190 C 00119000
SOO* C MArCpItaNG IN 7TIME 0050000
S1* C FIRS? ItME STEP 1S FORWARD IF START £S CALLED 9411000
Sam C 001000
S3* I'CISTEP.EQ.1.AN.O.1IMIE.EQO0)OELTuO.5*OELT 0053000
$a1* CALL P01*00 00540o0
IS* IFCISIEP.EQt .AC.ITIPl.EQO0)DELU2..OELT 006,000
56# C ousb000
57. C DEFINE 8OUNDAPY VALUES POP VELOCITY 0067000
so* C 0060000

j* CALL OOLNOV 009000
60* C 0O60O0O
*1* C CI-ECI( IF DEL? IS STASLE 0061000
6ic CC 0068000
s30 CALL LNECK 0063004

a* TIMEUXIN94OELT 00640.0
550 IImEORTIMdE111606 o4soo
6a" C 9946000
*70 C PRINT? 6.? RESULTS [VERY LOUT STEPS 6700
tat C 096400
* IPCMOO(ISEP#I1)LT)qEQsOICALL PU?OU? 06980

70' C 060
71. C WRITE MISTeRY TAPt EVERY ITAPE STEPS 0011000
T1g C 007200
736 IF(POCISEP.ITAPE).EG.Q)wNIE(l)ITIPI.DAAIOA?Al.P 0013000
7Tat 90 C"NOINIE e0400

760 END 0000
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CARD IMAGE FILE ECITOACCIFEN) -a VERSION o5.1q OATII162 T1098l4116132136

*to MEMBER INIT

to SUBRO"UTINE INIT 0091000
2. PARAMLYEA MU10hraE2 0002000
3o PARAmiTEP MUl.2N2NN1NE. 0003000
tit, ~ N~~iICDI.T C.IIM.N)v21N) 000000

6 2 a 3ClNI%,P(P1,N1)VZCM1.N) 000000

at CMOiMi4O6(I.VC)ALWuNAIOeSIGHCSZ~d 0006000

IQ* C 0010000
Ito C INITIALIZE ALL DEPENDENT VARIABLES AND CONSTAkTS 0011000
Ii. c 0011000
13* C 0013000
144 C ALPI-A 13 TgME NONOIMENSIONAL SMOOTHING CeEr. 0014000
is* C F0R TIME SMIOOTHING IN SUBROUTINE PINO 00111000
10' C 0016000
37* DEL0u900.0000
too ALPMA50*10 0016000

too G980.0019000
20. LAT830 o0d0000
at* CfaIuQ..7.2722C.5SI3NCLAT.3.a'4ISq/100,) 00i1000
azo C 00dac00
23* C DEFINE RADII AT GRID POINTS AND ALL GRID INTERVALS 00d3000
140 C ociococ
as* 019 10 IMIeNS oodsooo
a0* to OPICI~u2Q.E5 060
a7a RICISUC. 00dl000
26* D0 R0 I0l.M codsooo

Jot Do 30 IUI.mI 0010090
31. 30 0013..R(Il!13o31000
32' 0C~2.(21.11 0038000
334 oPI(M)62..C(RI(Ms.AaCMI)I 0013000
34* D0 40 111,441 0034000
35* 40 O2Ia2).I130031000
30. C "AXUSMAXPAG CORI) 0oloooo
37. C ORMAX80PICMAX) 0037000
36. C jov
39. C DEFINE ALL 0ZVS 0019000
400 C 00400
All* Do 100 Jml*N 0001000
42. 100 ZICJ)u(J-l3'l00.E; 0o

0
2000

43. O'M t10 jatoNt 000 3Co0
4'* Ila OZI(J)NIUZ1J~l.ZlCJS OOOO
as5* 0Z2(IjUI.*(0.S*.CZI(I3IZI(I)) 0005000
00* Z2C0)m0.S.oz2CI) 0046000
a?*. 0 120 J02.NI 0017000
48. DZ2CJJf0.S.CDZt(J3,OZtCJ.l) 00*60 00
'44. 120 ZZCJ)SZ2(J.1)*D22(J) 000904)0

50. ~ l(JSJ.(Z (N.Zt N.1).o5.OICN 330050000
51. C 0051000
52. C A AKO 8 ARE CeNSTAN7 14ED1 IN SUBROU~TINE S*LNOV 0061000
530 C FP CONSTANT DIV. AND vORT. CONITIONSl 0053000

54. 00b0000

57* RNO8EC. 00%7000
58. C 00%6000
lot C DEFINE CEkSITy RELATED CONSTANTS 0069000
00* C 0060000
610 phoul. 0001000
02* 00 130 Jultm 002,004
03. 110 BYlCJJ$IE.0 0063000
00* T'3Vooo 0004000
6. 00 13l JuleN 00150
60 15 TSV8AM4AXI(TRVfSVl(J)) 6004400
*7* TOIVUIoSRTCT4V) 0007000
*0* C 000009
(Jo C DEFINE PARIZONTAL AND VERTICAL DIFFUSION COEPPIENS 0009000
70* C 001000
710 CAEPNEooo00*OA(t3**iELT 04,3000
72. COEPZSoo.00*OZI(13.**VOELT 0071000
73* 08 t40 Inte"I 4013444
74* 140 KZUOP*t*.EXCPOTM*47j 008000

00 D IS0 JuI.Nt 0411400
70* I5 NJU4EZ.l..CR(POAC.35*ICPLACIJI.) 900000
77# RE TURN 007700
78* END 0016000
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CARD £MAGL FILE EOITOACCIPEN) .. VERSION OS.29 DAY91110/2lO.'0 TIMEula 4 s632136

a** 914ER START

Is lueiIuTINE START 0001000
a* PARAM4ETER "MaIEa8il ooooo
3. PAg1AWLTER 01M1I1*jNS..~U~ 003000
at ~~~,hRC~h)VIC.l,1W.h3V1WNI 040
so I lCI)lCeN)V(.).1(eh) U00
64 2 93CM1,N1)#PC,N1IVZ'41.h) 0OU6000

0. ~ 0006000
9. PARAMETER 14082ti..hhl.lNt 0009000
too DIMENSIONI OAIAtCNC),OATAZ(NO) 0010000
It* EQUIVALENCE (OATAs*VUt~r(OATA2,VR2) 0011000

13* C INITIALIZE mASS FIELDS FOR A THEORETICAL RING 0013000
too C 0016000

166 itam13 001600

if* IlUmml 0038000
lot 3PG8u0ooj0 009000

at* t0o IN .MGCSFOT I!1)P..85)GH 0491000
21* 00 30 19121*122 oodcioc
230 30 S IP1ai(lI3lP.LAI.l,)0 0013000
2M. 00 60 3IlP42 00diI0o

21* AClEXP(FLOATCJ.113/.1 o0@1500
a.. 0 A 141 0096000

soe C godecoo
j41. C PI-ES3URE 1S deTAZ'NED DOIESTATZCALLY FlOP BUOYANCY 0019g0
30. C 0010000

320 SO 1 Z3M oo3aoo
31' So PI.30.PH0ZC b.OacI. 003000

346. OR 60 Imt,ml 0054000
35' 60 P(I.JUPCt.J.1).O.SVRo'0o2cj)0cs1 ,J)*61C1.J-I33 0035000
36. C 0030000
37. c TANGENTIAL VELOCITY IS AT GRADIENT BALANCE 0037000
30. C 0038000
39. 01 70 Jff1,NI 0019400
Go* Do 70 je1.3 60040000

4M2' RAOSII.S.COAIRI3(1))**R3 I).GF 00412000
.3. jjwj 0063000
Gat 1181 00'AA000
as* 1PC1Av.LT.o.IGe TO to0 0045000
4 70 Vytt (IJ)..o.5'Ce~oNI.IC).SQPTCRAOI 00&6000
47. C 0007000
80 C SET DAT628DATAt FA LEAPOG 00000o

4 06 C 004000
50. ve an IS3,No 00110000
53. 40 PATA3it)ROAThlmj. 00111000
Sao CkLL 196VLOV 0012000
53* MI~ 90 1'3,NO 00113000
In. q0 OATAMIZIOAT42CII 00)1040
55. RETURN 00)5000
60 100 PRINMT 110.IIJJ.PGFN*0 0064000

576 ItO FOUp
4
AT(' RADICAL IN SLORRUTtNE START 1S NEGATIVE AT clij3.'plso 0017000

59. STOP 0039000
606 END 0060000
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CARD IMAGE FILE EOI?00(CIPEN) .. Vgtg55Pk 01129 OATEGI0,5,#sI IaIII613

.. MME UP

I' SUN~uTIE up0001000

Srif/9EVI(~ PARA? CMj1r.1 M.hVlt4n') 0003000
1. IVlIh)SlM,4)'f3.l.t44) 0001000

Go I@CSAI,(IN?,ZMg4 0006400
741 OM~I0R M.lMIU(IRC)ZC~.5PIZ(U0lN 0007000

101k DATA VZ/01IN*0.j 0050000
its C 003100
ta. C paEg5Ung IS 98TAINED OYDROSTAICALLV PRO"W 8 0015000
1S. C 0013400

te 00 20 J92.NI 0016000

se 0~ 0J5 001,000

194 C 001,000
50. C DIAGNOSE VE41!CAL VELOC1TV OY CONTINUITY EQUATION 0040000

a5. V1 30 Jul.'41 00aaoo
53. 00 30 181,N1 WuSWo

jabeO.T 0096000
57. END 0087000
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CARD IMAGE PILE COIeR (CIFEM) .. VERS10k O50jq OATEulQ.'1l~hl 7Ia~I113

* MEMBER bOUknfV

Is SUBROUTINE BIUNLV OCIJICCO
20 PARAMETER .q.ZI,ni1 oQUacEoo

so PARANTER NtUN.1.0a@MSjilNtekamN~a 00ul000

6: 2 03M~t.CttZM IO0U6000
74 C00tt*#n w,1'),RC1,~t4,1N.lCIZ ~1)OIN ,U7000

6. CC k0tijRIR (141 )fOVlatd) ALP4ApIhOAANO3C OR ItG#ll C)*ZK(t4) QOUSOOo
9C 0009000

Joe C LATERAL OeUNoARY FOR TANGENTIAL AND RADIAL VELOCITIES 0010000
I"' C ASsUVING CONTINUOUS VORYZCITY AND DIVERGENCE 0011000
lag C 0011000
t3* Do to JistNI 0013000
14. VplCmj~uBNoA.vpICmij)*SNoS*CRI (mj~.va~colJj)a(Ml~.V~ajcNIJ) 0016000
Ise to V~aCM.J)aSN0A*V2(14t)*N0I*CR1 CN1)*VT2('8I.J).Rt CNl).V72CMlJ)) 0015000
IA. AETJuRh 00 1000
I?. E040 0017000
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C4411 FMG ILE 10IOR(CIFEN) - VMq508 01,29011TE100u16,02 TI10tl,1.61,3

** tsgt0FF

I* 3S~U TINE 01FF 0001000

30CC8MPLTE INE DIFFUSION TERMS 0005400
4* C 900*000
5. PARAMETER meatNu51 0005000

6* pARA~tTER MIMtI2I.uINltlN20096000

94 63CMt,NI).PCmt#NI)#VZ(MI~h) 00094000

120 DIMENSION VAMI.V(MNaeCIlI0110
16 EQUIVALENCE (V.A~~TVtgSU)001300

1;: C T0010015* C NO.IZONTAL DIFFUSION Of RADIAL VLCT 050
16* C 0016000
174 0O 10 Jm1,NI 0017000
to* DO to 102,101 0016000
14 t0 VR3IIJ)sVR3(I.j),*KCI)*(((VRCIOl.J).VR(I.j )/DA) CII 00)000

53. C 0093000
ag. C HIRIZeNTAL DIFFUSION OF TANGENTIAL VELOCITY ooiooc
as* C ocis000
26t 0D1 20 JU),N) 00a6oo0
all DO 20 132DMI ooiggo
a@* 20V3IJU7(.) I.((TIIJ.T1J)VR I 0018000

29 1 CI3.TI)J)DII)ID5IVC,~(IC)RC) 0049000
30. 2 *05(V I14.TJ ~D I.II)0010000
330 3 *CTII.TIIJ~CR I.~I~~0031000
35. C 0012000
33a C HORIZONTAL DIFFUSION OF 8 00130y0

3. C o0340oc
35. De8 60 ,331N1 0035000
36* DO 60 Im5,Mi 0036000
37. 60 S3IJ3037).'C)*(OI1,)8I,2)D0C0l o~o

g* 3 .OIJ.CtJ,$oa1.lrj 0060009
42. 08 70 J21,14I 0061000
'ala 7 03C,)UC.)M I.C2J.C4,DSI.R 0045000
4* I o5cC.)0IJ)IOSS*IS) 0043000

:Q: 40 De R J81,41 0044000

4*6k 1 *OM,)OMJ)/fReI.II)300600
47. C 007000
a*. C VERTICAL DIFFUSION OF RACIAL VELOCITY 0066000
q4 c 00*0000

S0* DO 90 j35,NS o000000
s* on q0 1iUmi, 0061000

55. 40 VR3CIJ~uVR3CIJ).ZKCJ)*C CVRCIJ.1 )'V' CIJ) ),DzIcj.) 00,32000
534 1 .(VRCI,J)-VRCI.J.1))/DZ2Cj))/O2)CJ) 0033000
544 De 100 19.."t 001*000
5. too C~)V3?.)ZC)(RI,)VC~3IDZC)D)C) 0095000
96R D 13820 182,"t 003g000
S7* It0 VRC.I)V3C.),KG)(.RIN *RIE)CZCI*(ZCI) 05000
l6* C 0036000
50* C VERTICAL DIFFUSION OF TANGENTIAL VELOCITY 003000
600 C 0000000

*I* DO 20 J8 29 N5a ocilooo
6ae Do 151) 162."1 o062000
63* 120 VT3(I.j)1V73C1,.j),ZKCJId(t(VCIJ*iV'd.J) ),'OZ2cj.1 0063000
66* 1 .VTCIJII.Jlf.fl)IDzICj)),DZICJ) 001*000
6st Do 130 181."t 0005000
66* 130 TCQV3I )ZC)CTC.)VC,3dDSS.ZC) 006000
676 DO 1*0 182'"1 01 7000
66* 140 V7CI*VCI1ZCIa.IN)VC.I1.CSN *~1N 30015000
60. 00;9000
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CARD I"aGE PILE ECZTeACC:FEW) -P VESO 05.2q DATPUIOZ162 TIMEM14uloa32136

Ntme[Rfl( L1IFF

70* C 0070000
71a C YEATZCAL DIFFUSION OF a 0071000
7ae C 0071000
73' be 169 Jw2,N2 0073000
7"* 00 160 Iul,0t oo0t4000
7s* 160 S3(1.j).13(ZJ).ZKCJ)'(( 3(SIC!J.17.ICI.J)3#OzlCJol) W0SW0
76* 1 .(9(1.J).5(Z.4'l))IZCJ))'OZI(J) 0076000
77* De 170 121'"1 0077000
760 170 4311m311.NCI((~~0ZI)C~~)D~1~0100
70* 01 160 18I0"1 0079000
60* 18o03C.Iu3IN)ZCIl(SIN)SIN)I0l~3C~~) 0080000
0'' RETURN 001000
02. END g05aoo0
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CARU IM4AGE FILE ECITORCCIF1'3 -- VERSION 09.2q 0ATE@10/26i@2 TI'CEl*:l~3Q36

see Mgg49ER fOAR

It SIpROUTIt.E FawRt 00(31000
2* P*AA14ETER 0002Ii~hea 0002000

II. PAQAMtTER 140.2...P*.1.1o14 oouUooo
se CAPMS14Ie01jTA1 C1403.ATA2(14)DOArA3CN)PC'1.141)IVZ(141.P4) 0005000
6' 040dMN21eC4 ,'21)&LIAI4AS4SCP,.4CiZC4 0006000
71h MN~0#ETXTMIZ(ITP.S0I*E?( 0007000
so C 0OU8000
90 C REPLACE CATA3 IT 171 NEW 41 VALUES 0009000

J0e C 0010000
116 DO 10 1.1.140 0011000
12* 10 0ATA3(Z10A7A1 I £,2.CELT.0A7A3(1) 0012000
13* C 0013000

144 CTIMES~eONING0011000
is& C oso
io. IPC"I0(tS7EP.I1.0.141.o0)GO T0 30 0016000
174 DO 20 I11#NM 0037000
1$* 20 oA7*2(1)u0ATA2CI),C0ATAl dI)*0ATA3C1).2.0AA2())ALP4A 0018000
1q* 30 CONTINUE 0019000
20a C o0900o0
210 C P436.iAN 1.ARC04ING 0041400
a20 C oad2coo
23* 00 '40 152,NO 00a3o0
24* '40 DA7A1(I)qfAA7A2CI£ od1000

26a o OA~atl@DATJCI)0096000

27* C 64~0080
aa0t C ZERO OLT CA7*3 FOR NEIT STEP oois000
2q* C oaiqooo
30. 00 60 1u1.rc 0010000
31' 60 DA43t1)so. 001100
32' R4ETURN. 0012o0
33*k ENO 0033000
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CAftU £pMeL O'ILE ECITeRCCIFEW) -- VEDSIN6 052 DAEuIO/2bAZ Y!'1Est0uIG3at3a

see -tMU(R COCK

I* SLB0eLYINE CmECO 0001000
as PAAMeEE wS82*,.U5l 0002000

ItMhfV1f.2.?~.~)S C.q)Vl.N) 0006000

So3N.lj(IN).ZM.i 000000
7. G(Mls)0CIONt C",OR(tf),1()el l .ZCI0l 0007000

It OtmN510*. W4RKt 1 C)*e06K2(%) 0009000
100 0'! 10 JUI,N1 0010000
It* ce 20 Iito 001 1000

lie i 20R~ Iu'iIj~X I*VIIJ 0012000
130 ":%S41IN-AGC."tRKI 3. 0013000

I* c'.'eWKe: N*o. 00141040
154 CTmAm1N1CDT,C[LI) 0015000
10. to CINTINuE 001000
176 OTSAM1NIC1OTeTAY3 0017000
Is* IOC0Y.(.E.!ELT)RElLR% 0010000
190 DELTNO.?SOELT0090
20e PQjIT 1OOCOELT GOdooCo
at* t00 1IN&(j,,t3eeeEI CN411GED Tel,IPEII.2,1 Seeeees') 0 c00
220 RETURN. Oadlcoo
13a E~c 00d3000
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CARO IMAGL PIL EVITOP(CIPE1 -- VE05)0h 05.29 o'TEvl0/'u/e2 TIMEOISI1,132136

at* WLMU(R AUVEC?

I. SUgPOLTINE ADVECT 0 01000
2C 0002000

3* C C0OPPLTE TOE ADVECTIVE TERMS 0003000
Qo C 0004000
56 PARAMtTEA mmtKi 0005000
be P4A&MLTER 0l~I~u.,Ns.e2 2OUOCIJ0
T.o66/R(.I)VlC,1,1M1N)V2WN) 0007000
0.e 1T(~h ).2" *l)63MN ,T(,~ 0008000

90 2 03W.I.(t&IZ6.)0009000

Ile CMj6j6,l6t~ ,V().LP.,65S0,OIGb6C)Z 6 0011000

l3a ErUtV&LE%CE (VR.VfVJ(V1.v12),C5.62) 0013000
14* C 0016000
Ist C 'mPIZON

T
AL ADVECTION FOR RADIAL VELOCITY 0015000

10. C 001600
IT* Oil to JBI,6t 0017000
Is* on0 to1., 0016000
190 to VRC,)..S VCe)V(.,).VC,)V(~,)j~(.) 0019000

it* 2 *VR3(Z.j) 0864100

as6 c "OR12o6?AL ADVECTIIN FOR TANGENTIAL VELOCITY 4443444
240 C 0494000
is* 05 20 JqI,NI ood5ooo
10' on 20 Ivz,61 0016000

29* 2 +VT3(.j~ cod9oo0
304 C WOMIN~TAL AnVECTIN POO BUOYAN.CY 4010000

*3(1Do 60 CI9 4eeVCNJIOIJ)OIlJ 0012400

33. D t ss Injui j..::2j:c~~:::,),aa 0013000

340 00' 100
3. 00 0 I1N2oo3Oo

3*. 2 70C.) 0037000
38. DO so JIfM 0916000

51. so~ Ij" 0019000

4. C 0040000
5t. C VOhYICAL ADVECT106 FOR RADGIAL VELOCITY 0015000

539 08 90 J202l 0017000
56. Do 10 12,*1 0046000

4* 1 /DZl(J).CVZ(1.Jot)*vzCI.l .4.lfle(VT(IJ.I)-VT(?.J)) 0006000
a?* lozcism0001000

480 Do 101 /D22t ,1 0044000

630 15V3IIuTC. .. 5(ZI2*II12)CTI2'T! 0043000
0 1 14022(2) 0006000

Ste DO 9 1011t 005000o

53% 1 l021(6I) 0007000
S*e C 0016000
95" C VIRICAL ADVECTION FOR TAGNILVLCT 0059000
70. C 003000
71. as too J&20%2 0051000
see Do 100 182'"t Goseoo
73* 104 *3I(I.J)SUIT(1,j)0.5'C VZI0C(J).6ZC1J))#Dl2(IJ)-V(,-) 009390
6. 1 *VZaCIJ.1 ((I,J.1).6Z(1,31)#022(V,1)) ,VCTJ) 000000

a5* 0" 10 1820"t0010
6. lo0 6T31, I)663(.1).aVZ (1,2(R2(2.S2I.))VC,OZ -?(l ) 0016000

77* DO 07 .1'1 00

66# C 04659

696C IRICL DVCTIN OR9 O- jQ



CARD IMAGE FILE ECIYOOCCIFER) -- Vg15161. 01.19 0*TERO2of@2 ?ZME13414832a

*6* 17Cff LOVeco

79e C 0019000
eat C ktRiTIA TERMS FORn "ORIZONTAL MOMEhUP 006000
Ole C 0061000
eze 0( to 1 us 0081000o
BSA CA 110 142,"1 00,3400
86 VR3CIj)uV3C?J0.V1C1.j)a(vTctJj.pi ().CSRI) 008*000
as* lie v73t1,J)mV7301.J).vA(itj)(VY(1.J0,pR (I).C6Ul 0061000
so* C 0066000
67. C POEUCURE GRADIENT? FORCE 0087000
as* C Ooeueo
eq.* Do 130 J81,41 0069000
g0. Do 120 182,01 009000
90* 120 v6301,J)UVA3(?.j).CPCZj).P(I1 ,#J) 3#CR946*OP1(I0004to
91. C oo42ago
93. C STI-ATIFICATION TERM 0043004
qua C 0@00
9s. 01 130 jul.41 ooqsooc
EL. 0o 130 181'"t 00460J0
97* 130 6301uJ)UA3(IeJ)*..1CIZC?1 J)a0V2CJ)*VZ(IJ,1 3*6V3(jl) 0047000
qSa RETUN 0046000
99. IN.C 0oqqnr0

54



CARO IMAGE FILE Ect~TYP(CIPEN) -- VEQs1e 09.29 DATE81§ilb6#Sl TIMED1l11I1a136

I. SusNlTievNE PuTLty "001000
24 PAOAMLTER "malIhil 0001000
Ilk PARANtTfquu..2M2,dh1Nm~ 0001000

S. ITCI)B(IN)V3MN)V3MN) 0001O00

6. 2S3(41,l).(N1,l1,ZCU.N)0096000

to* c 0010000
Ila c To-IS 348ROUTINE PRINT MLT FIELDS FORA £ LICK LO@K 0011000
tal C 0012900

IS. DIMEN316h ICUC(p£s 0013000
14. 704 FWA"T(ll.ilss AACIAL VELICITY CCM/1) AT 7.'olbt' 0.1) 0014000
Is* 70S FnRmATi/,,. 1ANGESTIAL VELOCITY (C093) At ?U'D?ee P#)3 0019040
16'k 710 FOR"AT(l,,,4 VERPTICAL VELOCITY CC",05) AT' T01116VI lot) 0016000
1701 715j pORATUi/1,' IUeVA#WCY FIELD (*.oat) AT T801.0f 1,') 0017000
let 729 O"ld/. PRE33LOE (*10 DYNE/Cme*2) AT IIMES',16ol 1-') 0416000
190 720 O~'tlj/,,~.,4,, LTPUT At TIME R1,16,0 'w ORi, 0014000
20* 1 F9921 VANV ISTIP 61,170, 00*'1004loc
at* DAV@XlImt 8eaoo.4,090001 0041000
ale PRIN~T lloITZNE.0.Y.ISTEP 0442040

24* 00 10 1810M 0494000
2134 10 I0U"(lJ)mV'42(I.j) oodSoo
aba PRIN4T 700.ItI"E 00d6000
276 CALL "AP(10U44,02,22,'

9
1NI) 000060O

206 Do 20 JeteNt 60agooo

30* 20 IOU(.J)vVTICI.j) 0030000
3t* PRINT 7050ZTIME 001004
32* CALL "AP(IDU",'41,ZlMp,l1luc
334 0n 30 JUI.N 0013004
34* ce 30 IsitM 003000

31' 30 IOU(1,J).V,(?.J) 0035000
36* PRINdT 710,1T1141 003600
374 CALL "AP(IDUM#RiZl,'1.%) 0030c

Iq* OM0 4911,10 0019000
4041 '14 IVU"(I#J)v82(1,~j)s1.E 0040000
'41* PRINT 7150ITI"E 00141000

Qh CALL "APCIOUmoA2,Zl,"lN1l 00412000

Q* PR4INT 725, ITI
TM
E 00tis00

u7* CALL "AP(IOLN,.lles~Nt, ) 0047000
406 E TURN 00146000
4* ENV 00'19000

5



CARD IMAGE PILL EL'ZrP(CI'L") .. VEOSIO 05.24 OATE.Il/el~ ?!"Eat48stei3213

M. LMOEM MAP

to SU61#AQVZNE 0~~uv)OiouCo
2* PhAAtyER .m11.Lagi 0u000
34 014N1P R~umI.Z(h)~ 0003000
4s I%ltGER A CPNacus).ZCooo~~Q
5. 70 FORAA(II.Seke2SIS) 0005000
6* 40 F"RMA7(l1-3eteae3%p2IS) 000cuIo

7* "Pamkous'"u 00970C
ea not 11'"Ip 9006000
I. to IA0i00)9000Ct i~qO
loe ij0 20 JUI.NN 0010000
ala IazZCo iJ..~~. 001 1000
li* PROT~ 70 nc 1100
13* P4114T 70(0CZ4aM) olO
14a. PRINT 70 0014000
Is* 00 30 JJmj1 N. @011000
169 Jmafti.jj 0016000
17* 30 PRINaT S0#!Z(J,.aA(1,J),Imt#PP) 0011000
to* RETUNs00 o00
l4* O 0019000
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