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The Computer Program by Explicit Finite Difference Technique

The computer program, which use explicit finite difference technique, for
determination of the velocity profiles, the temperature and pressure profiles of

rapid expansion of supercritical solution process, especially near the nozzle area,

are presented. \\\ ' / /

Table A.1 Objective of Sumc

Subroutines

onstant values, the grid size,

CONST 1f€;;a’%'10n number and basic
A
"""""""" IC | fnpat initial condition of system in the first interval time
~ ICDATA |Inputinisiatco of system from the last interval |
...-...-..-..-_._-._.-__-_.._-_--------.--."'.1:.;.:;-.--'1 .........................................................
"""""""""""""" ' _Evaluatethe ¢ fluid in every single
DYNVIS M |

location at time ‘t” according to the Sutherland’s law

""""" : ;;;;;;q'ﬂ‘E‘@’ﬁﬁﬁﬁmmz:d:‘:;;zﬁ”

SORT Sort the values of parameter




Table A.2 Description of Parameters
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Parameters

Description

keizoku

Running status : continue running(1) or first time(0)

.............................................................................

..............................................................

RSHWANTNETRY

A eees e

TYNINGINT.....

'i:emperat\ge of fluid

Thermal conductivity of fluid
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Table A.2 Description of Parameters (continue)

Parameters Description

Tc Critical temperature of CO,

Pc Critical pressure of CO,

Zc

Cv nstant volume
________________________________ ﬁ‘----i----m’.----------..--____-.--.---.._____----

Cp istant pressure
3k 3k sk 3k ok sk sk 3k sk ok 3k ok >k ok ok sk kok : 3 o 3k ok 3k ok ok ok ok ok ok ok ok ok sk sk k kok ko
PROGRAM FOR RESS PROCESS USING EXPLICITFINITE DIFFERENCE
sk sk sk sk ok sk sk sk sk sk ok sk ok sk sk ok skoskok ok * TE » 3k 3k ok 3k ok 3k 3k ok sk ok ok sk ok sk sk sk skoskoskosk sk k
st s o s ok ke ok ok ok sk sk ok sk sk ok ook ook ok ok ok ﬂﬁ ok sk sk ok sk ok sk ok ok ok ok ok ok ok ok ok sk skok sk ok
L JOSS S () J—_— S ] | T E i S () —t-———-6 (-t -

10 20 3,,_.;@% Fme50 60---+----70

***************ﬂ’l’fv}k*****#****#*** % Sk 3 ok ok ok ok ok ok ok ok ok ok sk okoskosk ok k ok

MAIN PROGRAM " =

IMPLICIT NONE g ﬂ
e ANEN NN

Y NP TTPT b (L
open(umql le='E\re ssO 1itxt!,
open(unit=2,file='E:\ress\ress02.txt',status='unknown')
open(unit=3,file="E:\ress\ress03.txt',status="unknown")
open(unit=4,file="E:\ress\ress04.txt',status="unknown")
open(unit=5,file="E:\ress\rs01.txt',status="unknown'")
open(unit=6,file="E:\ress\rs02.txt',status='unknown')

open(unit=7, file='E:\ress\rs03.txt',status="unknown")
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open(unit=8,file='E:\ress\rs04.txt',status='unknown')

open(unit=13,file='E:\ress\checktemp.txt',status='unknown")

open(unit=14,file='E:\ress\checkpre.txt',status="unknown")

open(unit=15,file='E:\ress\checkrho.txt',status='unknown')

call CONST

call EOS

if (keizoku.eq.0) then
call IC

end if
DO 10 n=1,nmax

end if

call BC

call DYNVIS

call THERMC/

callMAC
10 continue

close(unit-1) ﬂTJEJ’J‘VIEJW]?W El’lﬂ‘i

close(unit=2)
close(unatmf] aq}ﬂim um’]q w EJ’.] a EJ
close(umt—4)
close(unit=5)
close(unit=6)
close(unit=7)
close(unit=8)

close(unit=13)
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close(unit=14)
close(unit=15)
stop

end

ok 3k ok ok ok 3k sk sk ok ok sk ok ok ok sk ok ok ok sk ok ok ok ok ok ok ok ok kockok

,a*******************************

Subroutine CONST
IMPLICITNONE
integer cmax,qmax,nmx

parameter(cmax=25,q

common/SUPERFI ,'
common/CO2_ IN/TC g 0,rho0, VO
common/CO2/R m

common/timest/n,nmax ‘o

common/rnnfR B4 o} 8 NINYINT

keizoku=0 ! contmue running(1) &’ﬁrst time(0)
o1 7] 3 )] 3 Y e S psmon
delz=0.40d-4 ! Grid size in z-direction
dely=0.10d-4 ! Grid size in y-direction
delt=1.0d-11 ! value of time step
R=8.314*1000.0/44.01 ! specific gas constant of CO2
vo=10 ! inlet velocity of CO2

Gram=1.304 ! ratio of specific heat
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T0=300.0 ! inlet temperature of CO2
P0=90.0d+5 ! inlet pressure of CO2
visrf=1.463d-4 ! reference viscosity of CO2 at Trf
Trf=293.0 ! reference Temperature

Pr=0.710 ! prandtl number

return

end

s sk ok ok ok sk ok ok sk ok ok ok kokoskokok ok ok 3 3k 3k 3k ok ok ok ok ok ok ok ok ok ok sk ok sk okokkk

Subroutine I1C
IMPLICIT NONE
integer cmax,qmax,p,q
double precision vy,vz,T,r
parameter(cmax=25,qm =
common/CO2_DENSITY/tho(0 “.F.T.‘..-;I
common/CO2_TEMP/T(0 (
common/CO2_VEl/ s, scmax, 0
common/PRESS/pre(oEnax, g
DO 20 g=0,gmax

Dozop—ocmﬂUEl’J‘VlEmiWEl']ﬂ‘i

rho(p,q)=5.30778d-3
@@ﬁﬁfﬁjﬂim URIINYIAY

vy(p,q)= 0.0

vz(p,q)= 0.0
20 continue

return

end



Subroutine IC_ DATA
IMPLICIT NONE

integer cmax,qmax,p,q

double precision vy,vz,T,rho,pre

parameter(cmax=25,qmax=101)

common/CO2_VEIl/vy(
common/PRESS/pre(0:
open(unit=9,file="E:\re§
open(unit=10,file="E:\u€Ss
open(unit=11,file="E:\ress
open(unit=12,ﬁle='E:\rés
DO 30 g=1,qmax-1
DO 40 p=1,cmax-1

read(9,*) T(p,4

read(10,*) p v_;

read(11,*) rho “-

m;iiii‘”ﬁ‘ﬁ"if’f"%?iﬂmw Talib)

30 continue

coseut 4 | ﬁﬁﬂim UNIINYAY
close(umt—lO)

close(unit=11)

close(unit=12)

return

end
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Subroutine BC

IMPLICIT NONE

integer cmax,p,q,qmax

double precision pre,vo,vy,vz,P0,T0,rho0,rho,T,VO

parameter(cmax=25,qmax=101)

common/SUPERFICIAL/vo | U
0:qma; %0 :qmax)

common/CO2 VEl/vy(0:cmz
common/PRESS/pre(0:cmz 9 .
common/CO2_IN/T0,P0;#H60, V0 ———
common/CO2_DENSITY /tho(( \
common/CO2_TEMP/ |
DO 50 g=21,qmax
T(0,9)=T(1,9)
pre(0,q)=pre(1,q)
vy(0,9)=vy(l,q)
vz(0,q)=vz(1,q)
rho(0,q)=rho(l.q. |
T(cmax,q)=T ohax-1.0) X

Iy

vy(cmax,q)= 1 e
U e nens

rho(cmax,q)=rho(cmax-
o1 AN 113 S U INIE
DO 90 p=3,cmax

T(p,qmax)=T(p,qmax-1)

pre(p,qmax)=pre(p,qmax-1)

vy(p,qmax)=vy(p,qmax-1)

vz(p,qmax)=vz(p,qmax-1)

.
U:ema

pre(cmax,q)=pre ( max-1,q

rho(p,qmax)=rho(p,qmax-1)
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90 continue

DO 100 g=0,20

DO 110 p=0,10
T(p,q)=T0
pre(p,q)=P0
vy(p,q)=0.0
vz(p,q)=0.0
rho(p,q)=rho0

110 continue

DO 120 p=15,cmax

- T(p.9=TO

pre(p,q)=P0
vy(p,q)=0.0

vz(p,q)=vo
rho(p,q)=rho0

120 continue

100 continue

DO 130 p=11,14 4 Y]
T(p,0)=T0 |
pre(p,0)

B ANENTNYINT
AR IUNN NN

return

end
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Subroutine DYNVIS

IMPLICIT NONE

double precision visco,T,visrf, Trf,Gram,Pr
integer cmax,p,q,qmax
parameter(cmax=25,qmax=101)

common/CO2_VIS/visco(0:cmax,0:qi

DO 110 p=0,cmax
DO 110 g=0,qmax
visco(p,q)=visr /(T(p,q)+110.0))

110 continue

return

end

sk st ke sk ks ok ok ok sk ok sk sk ok sk sk sk sk skoskoskok sk '? * sk sk sk sk sk ok sk sk sk sk sk sk sk sk sk ok ok ok sk sk skok skokoskokok

Subroutine THERME/
IMPLICIT NONE m
double precisi c,d.k vi

integer cmax,p@ug ﬁaﬁ i] ﬂ %Wiﬁ ﬁ i
parameter(cmax=25,qmax
commo&ﬂlﬂvﬁ&mmﬂ 1MINYAY
common/&O2_THER/k(O:cmax,O:qmax)

common/CO2_ CONST/Pr,vistf, Trf,Gram
common/CO2_VIS/visco(0:cmax,0:qmax)

common/CO2 HEAT/Cv(0:cmax,0:qmax),Cp(0:cmax,0:qmax)
a=22.26
b=5.981d-2
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c=-3.501d-5

d=7.469d-9

DO 120 p=0,cmax

DO 120 g=0,gmax
Cp(p,q)=(at(b*T(p,q))+(c*T(p,q)**2.0)+(d*T(p,q)**3.0))/44.01*1000
Cv(p,9)=Cp(p,q)/Gram

k(p,q)=visco(p,q)*Cp(r:
120 continue

return

end

sk sk sk ok ok ok sk sk ok sk skokok ok kok ok 3k 3k sk ok ok ok ok ok sk ok ok sk ok ok ok ok ok ok ok sk

Subroutine MAC
IMPLICIT NONE

dimension A1(0:cmaxs0:qr
dimension A3(0: cmax,mqmax) A5(0:
dimension B1(0: ,B2(0:cmaxj0:qm

dimension B3( Sjlgx%éd mgmﬂ ’] ﬂ ‘j
dimension Cl(O cmax,0:qmax),C2(0:cmax,0:qmax)

dimensi FABARAIWHBEIAINY A Y
d1mens1on U1(0:cmax,0:gmax),U2(0:cmax,0:qmax)

dimension U3(0:cmax,0:gmax),U5(0:cmax,0:qmax)

dimension dU1(0:cmax,0:qmax),dU2(0:cmax,0:qmax)

dimension dU3(0:cmax,0:qmax),dU5(0:cmax,0:qmax)

double precision delt,dely,delz,rho,R,vy,vz,T,Cv,Cp.k,pre,vo,
& Al,A2,A3,A5,B1,B2,B3,B5,U1,U2,U3,U5,



& C1,C2,C3,C5,dUl,dU2,dUs,dUs
common/timest/n,nmax
common/CELLSIZE/dely,delz
common/CO2_THER/k(0:cmax,0:qmax)
common/CO2_DENSITY/rho(0:cmax,0:qmax)
common/PRESS/pre(0:cmax,0:qma:
common/CO2_VEl/vy(0:cmax,0
common/CO2_TEMP/T(0:
common/CO2_HEAT/ ) eDrqme ‘cmax,0:qmax)
common/TIME_STEP |
common/CO2/R
common/SUPERFICI
DO 130 g=1,gqmax-1
DO 140 p=1,cmax-1

U2(p,q)=vy(psa)*tho(p,q)
U3(p,q)=VZ(p,qErh0(p,q

e TR IR bY ﬁ%"wmﬂ 3
ABIRSATHEAIIN 1A Y

& -(vy(p,q)*(rho(p+1,q)-rho(p,q))/dely)

& -(rho(p,q)*(vz(p,q+1)-vz(p,q))/delz)

& -(vz(p,q)*(rho(p,q+1)-rho(p,q))/delz)
A2(p,q)=-(2.0*rho(p,q)*vy(p,@)*(vy(p*1.9)-vy(p,q))/dely)

& -((vy(p,q)**2.0)*(tho(p+1,q)-rho(p,q))/dely)

& -(rho(p,q)*R*(T(p+1,9)-T(p,q))/dely)

97
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-(T(p,q)*R*(rho(p+1,q)-rho(p,q))/dely)
~(tho(p,q)*vz(p,q)*(vy(p,q+1)-vy(p,q))/delz)
-(tho(p,q)*vy(p,q)*(vz(p,qt+1)-vz(p,q))/delz)
-(vy(p,q)*vz(p,q)*(rho(p,q+1)-rho(p,q))/delz)

A3(p,q)=-(rho(p,@)* vy(p,q)* (V&P £1,9)-vz(p.q))/dely)

: -vy(p,q))/dely)
o(p,q))/dely)
)-vz(p,q))/delz)

(P t1,9)-vy(p,q))/dely)
. o(pt1, cmrho(p q))/dely)
ﬁ(O 5)H1ﬁ ﬁ **2.0)*(vy(pt1,q)-vy(p,q))/dely)
)%y i‘l %’7 (ﬁﬁ iq)-rhO(p,q))/dely)
-(tho(p,q)*vy(piq)*vz(p,q) *vz(p+1,9)-vz(p,q))/dely)

’ﬂq ‘W’W Slinolpla o HRATRba Tipla)ydelyy
-(tho(p,q)* T(p,q)*R*(vy(p+1,9)-vy(p,q))/dely)
-(vy(p,@)*T(p,q)*R*(tho(p+1,q)-tho(p,q))/dely)
+(k(p,q)*(T(p+1,9)-T(p,q))/(dely**2.0))
-(tho(p,q)*vz(p,q)* T(p,q)*(Cv(p,q+1)-Cv(p,q))/delz)

~(rho(p,q)*vz(p,q)*Cv(p,q)*(T(p,q+1)-T(p,q))/delz)
~(rho(p,q)*T(p,q)*Cv(p,q)*(vz(p,q+1)-vz(p,q))/delz)
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-(vz(p,q)*Cv(p,q)*T(p,q)*(rtho(p,q+1)-rho(p,q))/delz)
-((0.5)*vz(p,q)*(vy(p,q)**2.0)*(rho(p,q+1)-rho(p,q))/delz)
-((0.5)*rho(p,q)* (vy(p,q)**2.0)*(vz(p,q+1)-vz(p,q))/delz)
-(vz(p,q)*vy(p,9)*rho(p,@)* (vy(p.q+1)-vy(p,q))/delz)
-((0.5)*(vz(p,q)**3.0)*(rtho(p,q+1)-rho(p,q))/delz)
h,q)**2.0)*(vz(p,qt+1)-vz(p,q))/delz)
1)-T(p,q))/delz)
-vz(p,q))/delz)
ho(p,q))/delz)

R R R R RPR

vy(p,)=U2(p:)/U1(p.q)

vz(p, )=U3(P,qmU 1(p.9) JI]
£ TES I

& o ,,J) ' &Jp EI r] ﬂ ‘j
pre(p,q)=rho(p,q)*R*T(p,q)* o Y]
ARIANNIUUAIINYAY

*kkkkxx Rearward Difference *****%%
C1(p,q)=-(rho(p,q)*(vy(p,9)-vy(p-1,q))/dely)

& -(vy(p,q)*(rho(p,q)-rho(p-1,q))/dely)

& -(rho(p,q)*(vz(p,q)-vz(p,q-1))/delz)

& -(vz(p,q)*(rho(p,q)-rho(p,q-1))/delz)




R RRRR PR

R RPR

B RRRRRRRRRRPR
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C2(p,q)=-(2.0*rho(p,q)*vy(p,d)*(vy(p,9)-vy(p-1,q))/dely)
-((vy(p,q)**2.0)*(rho(p,q)-rho(p-1,q))/dely)
~(tho(p,q)*R*(T(p,q)-T(p-1,q))/dely)
-(T(p,q)*R*(rho(p,q)-rho(p-1,q))/dely)
-(tho(p,q)*vz(p,q)* (Vy(p,q)-vy(p,q-1))/delz)

) ] ’ .Q)-vz(p,q-1))/delz)
Z(p,q)* @ho(p,q-l))/delz)

C5(p, Q)--(rhq(mq)*vy(p q)*T- , ¥

751 01

ﬂ(vg .q )*(rho(p,q)-rho(p-1,q))/dely)

ﬂ %} ngﬁip vy(p-1,9))/dely)
-((0 5)*(vy(p,@)**3. 0)*(rh0ﬁsq)-rh0(p 1,q))/dely)

7‘]‘ W) B9 Aol ek Gt 20 ¥ hea)- e oyety)

-((0.5)*vy(p,q)*(vz(p,q)**2.0)*(rho(p,q)-rho(p-1,q))/dely)

-(tho(p,q)*vy(p,q)*vz(p,q)* (vz(p,q)-vz(p-1,q))/dely)
-(tho(p,q)*vy(p,q)*R*(T(p,q)-T(p-1,q))/dely)
-(tho(p,q)*T(p,q)*R*(vy(p,q)-vy(p-1.q))/dely)
-(vy(p,@)*T(p,q)*R*(rho(p,q)-rho(p-1,q))/dely)
+(k(p,q)*(T(p,q)-T(p-1,9))/(dely**2.0))
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-(rho(p,q)*vz(p,q)*T(p,9)*(Cv(p,q)-Cv(p.q-1))/delz)
-(tho(p,q)*vz(p,q)*Cv(p,9) *(T(p,q)-T(p,q-1))/delz)
-(tho(p,q)*T(p,q)*Cv(p,9)* (vz(p,q)-vz(p,q-1))/delz)
-(vz(p,)*Cv(p,q)*T(p,q)* (rho(p,q)-rho(p,g-1))/delz)
-((0.5)*vz(p,q)*(vy(p,q)**2.0)*(rho(p,q)-rho(p,q-1))/delz)
-((0.5)*rho(p,q)* (v **2.0)*(vz(p,q)-vz(p,q-1))/delz)
«\ | ’ 15 (vy(p,9)-vy(p,q-1))/delz)

0)*(vz(p,q)-vz(p,q-1))/delz)
I'(p,q)-1(p,q-1))/delz)
§§\\5 q-1))/delz)
. ,q-1))/delz)
AN

4‘4} "
-T(Pyq-1))(delz%*2.0))

R R R RRRPRRPR

dUl(p,q)=(A1(p,q)+C‘1‘_ o
dU2(p,q)=(AZp.)+C2
dU3(p,q)=(A 0.9
dUS(p,q)=(A5( )+C5(p,q

CMELMH ANYNINYINT
1(p,q)*delt) o
o £ A Anend
U3(p,q)—U3(p q)+(dU3(p,q)*delt)
Us5(p,q)=U5(p,q)+(dU5(p,q)*delt)
rho(p,q)=Ul1(p,q)
vy(p.a)=U2(p,q)/Ul(p,q)
vz(p,q)=U3(p,q)/U1(p,q)
T(p,q)=((U5(p,q)/U1(p,q))-(0.5*(vy(p,q)**2.0




& +vz(p,q)**2.0)))/Cv(p,q)

if (mod(n,500).eq.0) then
write(*,*) T(p,q)

end if

if (mod(n,1000).eq.0) then
write(1,*) T(p,q),p,q
write(2,*) pre(p,q),p.q
write(3,*) rho(p,q).
write(4,*) vy(p.q 7

end if
if (n.EQ.nmax) then
write(5,*) T(p,q)
write(6,*) pre(p,
write(7,*) rho(p,q).
write(8,*) vy(p,q),vz(p,q =
end if !‘@

140 continue

130 continue Y

DO 300 g=1,qmax- ]m
DO 400 p=

wrlte( 13,*%) T(p,q),p,q¢

q RANIAIHNNINYIAY

write(15,%) rho(p,q),p,q
end if

400 continue
300 continue
return

end

il USANYNINYINT
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Subroutine EOS
IMPLICIT NONE
double precision aa,bb,cc,dd,f,g,h,pp,qq,ppp,qqq.rr,rrT,

& v3,z,8s,ss8,y,u,V,w,v1,v2,X,R,Tc,Pc, VO,
& Z.c¢,rho0,T0,P0,M,lpa,lpo,A,B,xx,P
common/CO2_IN/T0,P0,rho0,V0
common/VOL_fluid/vl,v2,v3
R=8.3144

)
X

Te=304.2 petatire of CO2
Pc=72.9d+5 \\\§a\ -
Ze=0.277 -Critic of CO2
Ipa=3.996 -
2
Ipo=1.1717 -
M=44.01/1000.0 "ﬁ":gjﬁ'
A
xx=1.0/3.0 P }t‘: :
P=P0/1.0d+5 I

W=(0.2905-Zc)/0.083)
X=(1.0+(0.48508+(1.55
A=0.42747*(R**2.0)

(TO/Tc)**0.5))**2.0

c* ¥ U re

;f’p"““*“*ﬁuam'ammﬁwznﬂi

bb=-(R*T0)
cc_-@*’Q%'Iﬁ%&ﬂ@W URIINYIAY
dd=-(A*X*B)
f=((3.0*cc/aa)-(bb**2.0/aa**2.0))/3.0
0=((2.0¥bb**3.0/aa**3.0)-(9.0*bb*cc/aa**2.0)+(27.0*dd/aa))/27.0
h=((g**2.0/4.0)+(£**3.0/27.0))
if (.LT.0) then

pp=(((g**2.0)/4.0)-h)**0.5
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qq=pp**xx

- z=-(g/(2.0*pp))

else if (h.GT.0) then

else

end if
Vo=V

rr=acos(z)
ss=qq*(-1.0)
y=cos(r1/3.0)
u=(3**0.5)*sin(rr/3.0) .
w=(bb/(3.0%aa))*(-1.0)
v1=(2.0*qq*cos(rr/3.0) (bb/(3
V2=(ss*(y+u))+w
v3=(ss*(y-w))+
call SORT

if (rrr.GT.0) then

SSS=TITT _'.h; x 4
V=qqq-8ss: ]

else 1l

ﬁ;aimmmw Jalib)
ARVIAINTUNMINGNEY

end if

V=-{dd/aay**xx

rho0=M/V

return

end
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Subroutine SORT
IMPLICIT NONE
double precision v1,v2,v3,V
common/VOL _fluid/v1,v2,v3,V
if (v1.LT.0.0) go to 150
V=vl
if (v2.LT.V) then
V=v2

end if

end if :

°‘“‘“:’éfﬂﬂﬁmmwmm
ama»mmuma B Y

en if
return

end



APPENDIX B

THE COMPUTER PROGRAM
BY IMPLICIT FINITE DIFFERENCE TECHNIQUE

;
AULINYNINGINS
RN TUAMINGAY



107

The Computer Program by Implicit Finite Difference Technique

The computer program, which use implicit finite difference technique, for
determination of the velocity profiles, the temperature and pressure profiles of

rapid expansion of supercritical solution process, especially near the nozzle area,

Sy

are presented.

Table B.1 Objective of S

Subroutines

SORT Sort the values of parameter
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Table B.1 Objective of Subroutines (continue)

Subroutines Objective

AP BC Calculation of Coefficient (ap) on Boundary

Parameter L o’ Description

b 1 =
keizok q ning ;@%m I 1’) or first time(0)

__________ VAR [ e wes i a L .

elx Grid size in x-direction
-------- c-l-ely - Grid size in y-direction
T e | Valeoffimeses © @00

R Gas constant




109

Table B.2 Description of Parameters (continue)

Parameters

Description

Inlet velocity of fluid

visco
""""" AR
Tc
.............. R
.............. rm—

Viscosity of fluid

efmmmmma d

Critical compressible factor of CO,
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Table B.2 Description of Parameters (continue)

Parameters Description
Cv Heat capacity of fluid at constant volume
Cp uid at constant pressure

*******************/ \ g s ks s ko ok ke ok ok ok ok ok ook ok

FINITE DIFFERENCE

ok sk ok ok ok ok ok ok sk ok ok ok ok sk ok kok ok sk ¢ ok ok ********************

mmteeen10mm e =204~ 4048 ~60---+----70-
3k 3k ok sk sk 3k sk ok ok ok ok sk sk sk skosk ok sk skosk ko ke ' .'., \ ok 3k sk ok ok sk sk sk skok sk ok sk skosk skoskosk sk k k ok sk
Main Program

implicit none _———

TS
integer n,interval,keizok

common/running/keizdku | .
common/timest/n inter\g | m
call CONSTANT
call O_FILE F’JAUEJ’JVIEW]’WEJ’]ﬂ‘i
if (keizoku.eq.0)
ARARNN I UNIINYIAY

else

call INITIAL SAVE
end if

do 100 n=1,interval
if (mod(n,5).eq.0) then

write (*,*) 'interval time =',n
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end if
call FLUID
call SAVEDATA
100 continue
call C FILE
stop
end
sk 3k 3k 3k ok 3k ok ok >k ok sk sk sk ok sk ok ok sk ok sk > K ’. . 3k 3k 3k 3k 3k sk 5k sk ok sk %k ok ok ok >k sk sk ok sk sk %k k

Subroutine O_FILE

implicit none

open(unlt—S file='EN (_, s\rs0 1. txt', status="u
open(unit=6, ﬁle—'E\ 08
open(unit=7,file="E: \re: s\rsO3 xt' status—'unknown)

open(unit=8,

open(unit=13, ;FT uﬁsiﬂemp ' status= unknown')

open( =R { e

nch i by mienita4RE

return

end
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Subroutine C_FILE
implicit none
close(unit=1)
close(unit=2)
close(unit=3)
close(unit=4)
close(unit=5)
close(unit=6)
close(unit=7)
close(unit=8)
close(unit=13)
close(unit=14)

close(unit=15)

return

end

sk ook o o ok ok ok ko S R Sk o o ok ook ok ok ok ook o

.II l'l'
: uj
Subroutine CONSTANT ¢a

micioone 6187918913 1T

integer xmax,ymax,interval,keizoku, D
oA IRe A IR IN VA Y
double pregision delt,delx,dely,vo,Tin,prein,alpha,

& R,Pr,visrf, Trf,Gram,rhoin

common/CELLSIZE/delx,dely
common/TIME_STEP/delt
common/SUPERFICIAL/vo
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common/CO2_IN/Tin,prein,rhoin
common/CO2/R
common/timest/n,interval
common/running/keizoku
common/ALPHA/alpha
common/CO2_CONST/Pr,visrf, T f,Gram,
interval=15000
keizoku=0
delt=1.0d-13
delx=0.10d-4
dely=0.40d-4
Tin=413.0
prein=260.0d+5
rhoin=0.460395

R=8.314%1000.0/44.01 / .

alpha=0.05

Pr=0.710 PEEEE VY
visrf=1.463d-4  “4 )
Trf=293.0 |

Gram=1.304

- AUEINENINYINS
- RN TUUNIING 1A
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Subroutine INITIAL

implicit none

integer xmax,ymax,X,y

double precision vx,vy,T,rho,pre
parameter(xmax=25,ymax=521)

common/CO2_DENSITY/rho(0:

common/PRESS/pre(0
DO 100 y=1,ymax-1
DO 200 x=1,xmax-1
rho(x,y)= 5.30
T(x,y)= 298.0
pre(x,y)= 1.0d+5
vx(x,y)= 0.0
vy(x,y)=0.0
200  continue
100  continue

return

ﬂUEJ’JVlEJVI‘JWEJ’lﬂ'i

************* *************v*********A***********‘j**************

YRIANNIUANIINEIQE

Subroutifie INITIAL SAVE
implicit none

integer xmax,ymax,X,y

double precision vx,vy,T,rho,pre
parameter(xmax=25,ymax=521)

common/CO2 DENSITY/rho(0:xmax,0:ymax)



common/CO2_TEMP/T(0:xmax,0:ymax)

common/CO2_VEI/vx(0:xmax,0:ymax),vy(0:xmax,0:ymax)

common/PRESS/pre(0:xmax,0:ymax)
open(unit=9,file="E:\ress\rss01 txt',status="unknown'")
open(unit=l0,ﬁ1e='E:\ress\rssO2.txt',status='unknown')

DO 100 y=1,ymax-1
DO 200 x=1,xmax-1
read(9,*) T(x,
read(10,*) pr
read(11,*) rh
read(12,*) vx(
200 continue
100 continue
close(unit=9)
close(unit=10)
close(unit=11)
close(unit=12)
return |

Subroutine FLUID
implicit none

integer iteration
double precision bbb

common/iterate/iteration

= AUEINENINgIng .
e BRARSAT B AT TR e
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call BC

call HEAT

call MEM

iteration=0

100 iteration=iteration+1

call AP BC

call MOMENTUM

call CON_DEN

call HEAT

call ENERGY

if (iteration.eq.1.0) th
call MEM P

end if

call PRESSURE

call ERROR(bbb)

if (bbb.1t.100.0) go to 200 .= ]

if (iteration.gt. 1000002 |

write(*,*) "It 18

V

stop
end if

call MEM mﬂuﬂ’mﬂmwmm

call BC

gmlammnifuumwmaa

200 contmue

return

end
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Subroutine BC
implicit none
integer xmax,ymax,X,y
double precision vx,vy,T,rho,pre,vo,Tin,prein,rhoin,dely,delx,delt
parameter(xmax=25,ymax=521)
common/CELLSIZE/delx,dely
common/TIME_STEP/delt -
common/SUPERFICIAL /Y6
common/CO2_IN/Tin,pré
common/CO2 DENS
common/CO2_TEMF ):y¥ , N
common/CO2_VEI/vx(0:xmax.0: Xmax. ax)
common/PRESS/pre(0:Xm: | .
DO 50 y=21,ymax |
T(0,y)=T(Ly)
pre(0,y)=pre(1.y)

VX(0,y = vx (L 3) A £
vy(0.y)=vy(hy’ 3
rho(0,y)=rho( lm) @
T(xmax,y)=T 1 o/
AN Inens

vx(xmax,y)=vx(xmax-1,y) ¢ o . W
ARSI UNIINYIAY
rhqo(xmax,y)=rho(xmaX-1,Y)

50 continue

DO 90 x=0,xmax
T(x,ymax)=T(x,ymax-1)
pre(x,ymax)=pre(x,ymax-1)

vx(x,ymax)=vx(x,ymax-1)
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vy(x,ymax)=vy(x,ymax-1)
rho(x,ymax)=rho(x,ymax-1)

90 continue

DO 100 y=0,20

DO 110 x=0,10
T(x,y)=Tin
pre(x,y)=prein
vx(x,y)=0.0
vy(x,y)=0.0
rho(X,y)=rhoin

110 continue

DO 120 x=15,xmax
T(x,y)=Tin
pre(x,y)=prein
vx(x,y)=0.0
vy(x,y)=0.0
tho(x,y)=rh gl

120 continue L\ )

F
100 continue J )

DO 130 x=1

T(xmﬂuﬂ'mamswa'm's
ﬁiﬁmmmumwmaa

(x 0)=0.0
rho(x,0)=rhoin

130 continue

return

end



Subroutine MEM
implicit none

integer xmax,ymax,X,y
double precision vx,vy,T,rho,pre,vx0,vy0,T0,pre0,rho0,
& Cv,Cv0,Cp,Cp0
parameter(xmax=235,ymax=

common/CO2_DENSIT

common/CO2_TEMP/T(0'Xmax,0iymax) —
common/CO2_VEIVK(0:x / 2, Wy(0:xass 0 §me)
common/PRESS/pre(07xmn -/r : \ |
common/CO2_HEAT/Cv(0:xmax l .

4 4
common/CO2 DENSIFY 0/rhg (0

common/CO2_TEMPO/T0(0: e“'

common/CO2_VEI0/vx0(C ,(ag

xmax,0:ymax)
common/PRESS0/pre0(0:xma ;_y% -‘f‘é%fg:
common/CO2 HE Al 0/Cv0(0:xmax,0:ymax),C p0(0:xhiax,0:ymax)

do 100 y=0,ymax V. S )
do 200 x=0,xmax m m

TO(x,y

H I ANEN NGNS
SEIaSh sl Inenay

vyO(x,y)=vy(X.y)
CvO(x,y)=Cv(x,y)

200 continue

100 continue
return

end
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Subroutine MEM_PRE
implicit none

integer xmax,ymax,X,y
double precision prelp,pre

parameter(xmax=25,ymax=521)

do 100 y=0,ymax
do 200 x=0,xmax

prelp(x,y)=pr
200 continue

100 continue

return

end

sk 3k 3k ok sk sk sk ok ok sk ok ko ok ok % sk sk sk sk sk 3k sk sk sk sk ok sk sk sk ok sk ko kok
Subroutine EOS B ﬁ

implicit none

e U AN YN T NN

parameter(xma)gl'ZS ,ymax=521) o

s FRAREATAIHHIAHE 10 8
v3,z,88,888,yy,u, V,ww,v1,v2 xxx,R,Tc,Pc,

& Zc,tho,T,pre, M,A,B,xx,P,W

common/CO2_ DENSITY/rho(0:xmax,0:ymax)

common/CO2_TEMP/T(0:xmax,0:ymax)

common/PRESS/pre(0:xmax,0:ymax)

common/VOL _fluid/v1,v2,v3,V



do 100 y=1,ymax-1
do 200 x=1,xmax-1

R=83.144 ! Gas constant

Tc=304.2 ! Critical temperature of CO2
Pc=72.9 ! Critical pressure of CO2
Zc=0.277 i ompressible of CO2
M=44.01 W

xx=1.0/3.0

P=pre(x,y)/1.0d+5 / |
W=(0.2905-Z¢)/0.085 |
xxx=(1.0+(0.48508+(¥ (0,1561 35WH2))* (14T (x,y)
& ITc)**0 o1 — N\

A=0.42748*(R**2.0)*(T
B=0.08664*R*Tc/Pc
aa=P

bb=-(R*T(x,y))
ce=-(P*B**2.0)-(BR¢
dd=-(A*xxx*B) Y
f=((3.0*cc/aa)- (bb**ZW/aa**Z 0))/3.0

g=((2.0¥bb**3. **y&&lg a*ﬁlﬁ E]'Ql ﬁ )/27.0
h=((g**2.0/4. O%ﬁj % ‘j
if (h.LT.0) then

@mmnmu URIAINYIAY

qq‘pp**xx
z=-(g/(2.0*pp))
rr=dacos(z)
ss=qq*(-1.0)
yy=dcos(rr/3.0)
u=(3**0.5)*dsin(rr/3.0)
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ww=(bb/(3.0*aa))*(-1.0)
v1=(2.0*qq*dcos(rr/3.0))-(bb/(3.0*aa))
v2=(ss*(y+u))+ww
v3=(ss*(y-u))tww
call SORT

else if (h.GT.0) then o
ppp=(h**0.5)-(2/2.0) *
qqq=ppp**xx
rrr=(h**0.5)+(g

2*;‘25"”31‘1&1 ummmwmm

100 contmue

ceturn Qﬁﬁﬁﬂﬂ‘imﬂﬁﬂﬂmﬁﬂ
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Subroutine SORT

implicit none

double precision v1,v2,v3,V

common/VOL_fluid/vl,v2,v3,V

if (v1.LT.0.0) go to 100
V=vl

if (v2.LT.V) then
V=v2

end if

if (v3.LT.V) then
V=v3

end if

end if
else if (v3.GT.0

- ’ﬁmwmwmm
atmaamﬁmmfmmau

end if

return

end



Subroutine AP BC

implicit none

integer X,y,xmax,ymax
parameter(xmax=25,ymax=521)

double precision an,ae,aw,as,apx,apy,fe,fw,n,fs,

& vx,vy,dely,delx,delt,
common/COEF/apx(0:xmax G
common/CELLSIZE/delx.de ?
common/TIME_STEP/delt™ 7
common/CO2_VEV/ : - y(0:x %, ymax)
common/CO2_DEN - 0:ymas

#¥xkkkkkkk Coefficient(@p

do 100 y=1,ymax-1
fe=0.0
fw=0.0
fn=rho(1,y)*(vVy(C
fi=rho(Ly-1¥Ey(Ly-Dtvy@y-D)*
ae=dmax1(-fe, 0.0 d+0)

side * %%k kkokokokokok

x;'
‘ §
BT anTneng
as=dmax1(fs,0.0d+0)

ABAGNAIUURA TN

fe=rho(xmax,y)*(vx(xmax-1,y)+vx(xmax,y))*0.5*dely

fw=rho(xmax-1,y)*(vx(xmax-2,y)+vx(xmax-1,y))*0.5*dely
fn=rho(xmax,y)*(vy(xmax-1,y)+vy(xmax,y))*0.5*delx
fs=rho(xmax,y-1)*(vy(xmax-1,y-1)+vy(xmax,y-1))*0.5*delx
ae=dmax1(-fe,0.0d+0)

aw=dmax1(fw,0.0d+0)
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an=dmax1(-fn,0.0d+0)
as=dmax1(fs,0.0d+0)
apx(xmax-1,y)=aet+aw-+antas+delx*dely/delt

100 continue

Kok ok ok ok ok ok ok ok ok

do 200 x=1,xmax-1
fe=rho(x,1)*(vx(x,
fw=rho(x-1,1)*(
n=0.0
£s=0.0

ae=dmax]1(-fe,

200 continue
return

end

*,.,*,,********%ugﬁmmﬁiwma:;**mww
oy OEETEN) 5711 91917 91811 61 2

implicit néne

integer X,y,Xmax,ymax,i,j
parameter(xmax=25,ymax=521)

double precision apx,apy,ae,aw,an,as,bb,aa(4,0:xmax),
& alpha,delx,dely,delt,vy0,rho,rho0,

& fe,fw,fn,fs,pre,vx,vx0,vy
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common/CO2_DENSITY/rho(0:xmax,0:ymax)
common/CO2_DENSITY0/rho0(0:xmax,0:ymax)
common/CO2_VEl/vx(0:xmax,0:ymax),vy(0:xmax,0:ymax)
common/CO2_VEI0/vx0(0:xmax,0:ymax),vy0(0:xmax,0:ymax)
common/PRESS/pre(0:xmax,0:ymax)

common/COEF/apx(0:xmax,0:ymax’ :xmax,(:ymax)

do 100 y=1,ymax-1
do 200 x=1,xmax-2
fe=rho(x+1,y)*

fw=rho(x,y)*(vx ; ]

fin=(rho(x,y)+rho( FrROCk gAY ol Ly +1))*0.25
& *(vy( t"' ;

fs=(rho(x,y)+rho(x+1,y)+ FHo(x.y-Hftho(x+1,y-1))*0.25

R l \

ae=dmax1(- "3'}7— :‘
aw=dmaxl(fw,m)d+0) m
an=dmax1(-fn,0.0d+0) LY
ZAUEIeninenns

apx(x,y)=aetaw-+an+as+((rho0(x,y)+rhof(x+1,y)) o/

o A W) Eealstdenarnaad] 1 VIE 1A E
bbq—'va(x,y)* (rho0(x,y)+rho0(x+1,y))*0.5*delx*dely/delt
aa(l,x)=-aw
aa(2,x)=apx(x,y)
aa(3,x)=-ae
aa(4,x)=an*vx(x,y+1)+as*vx(x,y-1)+bb+

& dely*(pre(x,y)-pre(x+1,y))



200 continue

do 300 x=1,xmax-2

300 continue

do 400 x=1,xmax-1

&

aa(1,0)=0.0
aa(2,0)=1.0
aa(3,0)=0.0
aa(4,0)=vx(1l,y)

aa(1,xmax-1)=0.0

aa(2,xmax-1)=1.0
aa(3,xmax-1)=0.0
aa(4,xmax-1)=

call TDMA(O0,

vX(x,y)=(1-alp

fe=(rho(x,y)+rho(x+ ho(x,y+1)*tho(x4 1,y+1))*0.25

fw=(rho(x,y)trhe

H)*0.25
)

fo=rho(x,y+1)*(vy(x,y)+vy(X,y 0.5%delx |
fs=rho(x,y)*(vy(x{ysvy(x,y-1))*0.5%delx
B WA N TN YN
aw=dmaxqf(fw,0.0d+0) ¢ = o/
atdiiicBoddion £l AV AVIE A E
as—dmax1(fs,0.0d+0)
apy(x,y)=aet+aw-+an+as+((rho0(x,y)+rho0(x,y+1))*0.5
*delx*dely/delt)

bb=vy0(x,y)*(rho0(x,y)+rho0(x,y+1))*0.5*delx*dely/delt

aa(l,x)=-aw

aa(2,x)=apy(x,y)
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aa(3,x)=-ae

aa(4,x)=an*vy(x,y+1)+as*vy(x,y-1)+bb+

& delx*(pre(x,y)-pre(x,y+1))
400 continue

aa(1,0)=0.0

aa(2,0)=1.0

aa(3,0)=0.0
aa(4, 0)—Vy(1,y)
aa(1,xmax)=0. 0
aa(2,xmax)—
aa(3,xmax)=0.
aa(4,xmax)=vy
call TDMA(O,
do 500 x=1,xmax-1 ‘
vy(x,y)=(1-alpha)* , w =
500 continue — —
100 continue
return

end

************ﬂ*wﬁka*wgrw%fw-ﬂqﬂﬁ*****************

Subroutine COI\?"DEN

G M) ’G'Nﬂ‘iﬂ«! UNIINBIAY

integer X,¥,Xmax,ymax,i,j

parameter(xmax=25,ymax=521)

double precision ap(0:xmax,0:ymax),ae,aw,an,as,bb,aa(4,0:xmax),
& rho0,delx,dely,rho,fe,fw, fn,fs,vx,vy,delt
common/CO2_VEIl/vx(0:xmax,0:ymax),vy(0:xmax,0:ymax)
common/CO2_ DENSITY0/rho0(0:xmax,0:ymax)
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common/CO2_DENSITY/rho(0:xmax,0:ymax)

common/CELLSIZE/delx,dely

common/TIME_STEP/delt

do 100 y=1,ymax-1

do 200 x=1,xmax-1
fe=vx(x,y)*0.5*dely
fwwx(x-l,y)*O.S*dl

fs=vy(x,y-1)*0.5
ae=dmax1(-fe,

aw=dmax1(fw

an=dmax1(-fn,
as=dmax1(fs,0.0 :
ap(x,y)=vx(x,y)*0.3* delyAA(x- 1 y)*0i5*deljpvy(x,y)
& *(0.5% {x.y-1 (delx*dely/delt)

bb=rho0(x,y)*delx*dely/d _;

aa(l,x)=-aw -— .

aa(2,x)=ap(x.%)’

aa(3,x)=-ae
aa(4, X)—an+ +bl

200 contlnueﬂuE]’J ﬂﬂﬂlﬁw E],]n‘j

aa(l 0)—Oq!)

aﬂzﬁ'bﬁNﬂ‘iflJ URIINYAY
aa( ,0=0.0

aa(4,0)=rho(1,y)

aa(1,xmax)=0.0

aa(2,xmax)=1.0

aa(3,xmax)=0.0

aa(4,xmax)=rho(xmax,y)



call TDMA(0,xmax-1,aa)
do 300 x=1,xmax-2
rho(x,y)=aa(4,x)
300 continue
100  continue
return

end

3 2k 3k ok ok sk ok ok ok ok ok ok k ok kosk ok ok ok

Subroutine HEAT
implicit none
integer x,y,xmax,ymax
parameter(xmax=25,yma
double precision T,Cp,Cv,Gram,a :
& Trf,Pr,visco( sﬁf'{ T
common/CO2_TEMP/T(( a0 ‘ 3
common/CO2_CO “’m\:“
common/CO2 HEAT _
common/CO2 THER/k(Q xmax,0: ymax)

2 ﬂTJEJ’JVIEJVﬁWEJ’]ﬂ‘i

b=5.981d-2

°"35°ﬁ‘mﬁ\3ﬂ‘iﬂ.l UANINYA Y

DO 100 x=0,xmax

DO 100 y=0,ymax
visco(x,y)=visr*((T(x,y)/Trf)**1.5)*((Trf+110.0)/(T(x,y)+110.0))
Cp(x,y)=(a+(b*T(x,y))+H(c*T(x,y)**2.0)+(d*T(x,y)**3.0))/44.01*1000
Cv(x,y)=Cp(x,y)/Gram

0:
ax.,( :ymax)

130

3k 3k 3k sk ok 3k ok ok ok ok ok sk sk ok sk ok ok ok ok skoskook
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k(x,y)=visco(x,y)*Cp(x,y)/Pr

100 continue

return

end

3k ok ok ok ok ok ok sk ok sk ok ok ok ok ok ok ok kokokoskosk ok ok sk ok

\ #//****************************
Subroutine ENERGY S—
implicit none —
integer x,y,xmax,ymax,l.]

parameter(xmax=25,

double precision ap(0: a(4,0:xmax),
& ’ rhc f v, u\\ \ ,delt,TO,
X sl @;g,@‘ \\
common/CELLSIZE/delx, s

common/TIME STEP/delt ,_ .;;." :

common/CO2_VEly0xmax.0:ymax) vy(0:xmax.0%ca
common/CO2_DE v
common/CO2 TEMP (0 xmax,0:ymax)

B 11 ) 1) 1 TATIY
<y i beni el

common/CO2_HEAT0/Cv0(0:xmax,0:ymax),Cp0(0:xmax,0:ymax)
common/CO2_THER/k(0:xmax,0:ymax)
common/PRESS/pre(0:xmax,0:ymax)

do 100 y=1,ymax-1
do 200 x=1,xmax-2



R R 2RRRRRPR

&

132

fe=((rho(x,y)+rho(x+1,y))*0.5*(Cv(x,y)+Cv(x+1,y))*0.5*vx(x,y)
*0.5*dely)H((k(x,y)+k(x+1,y))*0.25*dely/delx)

fw=((rho(x,y)+rho(x-1,y))*0.5*(Cv(x,y)+Cv(x-1,y))*0.5
*vx(x-1,y)*0.5*dely)+((k(x,y)tk(x-1,y))*0.25*dely/delx)

fn=((rho(x,y)+rho(x,y+1))*0.5*(Cv(x,y)+Cv(x,y+1))*0.5*vy(X,y)

*0.5*delx)H(( (x,y+1))*0.25*delx/dely)
' fs—((rho(x,y)+rho(:w Cv(x,y-1))*0.5
*vy( *dsx)&hk(x,y-l))*o 25*delx/dely)

ae=dmax1(-fe, Oy h
aw=dmax1(fw /
an=dmax1(-fn + 4

as=dmax1(fs,0.0d*+0

y1))*0.5*vy(x,y)*0.5
1))*0. Q(Cv(x,y)—l-Cv(x,y-l))

*05*3( )ﬂos*dﬂx)ﬂélj )+k( +1))*0 25*delx
PeNINE

bb—((rho(%x,y)*CvO(x,y)*TG’(x,y))+(0 SMOO(x,y) s

o) T Ehid oo 4. locd B o) dditedeycet

aa(l,x)=-aw

aa(2,x)=ap(x.y)

aa(3,x)=-ae

aa(4,x)=an+as+bb-(rho(x,y)*((vx(x,y)**2.0)+(vy(x,y)**2.0))
*0.5*delx*dely/delt)-((rho(x,y)+rho(x+1,y))*0.5
*(vx(x,y)**3.0)*0.5*dely)+((rho(x,y)+rho(x-1,y))
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200 continue

133

*0.5%(vx(x-1,y)**3.0)*0.5*dely)-((rho(x,y)+rho(x+1,y))
*0.5*(vy(x,y)**2.0)*0.5*vx(x,y)*dely)+((rho(x,y)
+rho(x-1,y))*0.5*(vy(x-1,y)**2.0)*0.5*vx(x-1,y) * dely)
-((pre(x,y)tpre(x+1,y))*0.5*vx(x,y)*dely)+((pre(x,y)
+pre(x-1,y))*0.5*vx(x-1,y)*dely)-((rho(x,y)
+rho(x,y+1))*0.5*(wx(x,y)**2.0)*0.5*vy(x,y)*delx)
+((rho(x ORThOGLY-1))30,5* (vx(x,y-1)*¥*2.0)*0.5
“delx)-((rh 0%,y +1))*0.5*(Vy(x.y)
Y-1))*0.5*(vy(x,y-1)
+1))*0.5*vy(x,y)

aa(1,0)=0.0 N\
aa(2,0)=1.0 HSQ
aa(3,0)=0.0 !B
aa(4,0)=T(l,y) ¢ = 'Y,

actxmfit o ) VI 2V WEITI

aa(2,xma§ﬂ-1)=1 4 ¢

FARARINTUURIINYIA Y

aa&,xmax— 1)=T(xmax-1,y)
call TDMA(0,xmax-1,aa)

do 300 x=1,xmax-2

T(x,y)=aa(4,x)

300 continue

100

continue
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return

end

3k 2k sk 2k ok ok ok sk ok ok ok ok ok sk sk ok sk ok ok ok ok ok ke ok ok sk ok sk sk sk ok ok sk sk sk ok ok sk ok sk sk ok sk sk ok sk sk ok sk sk ok sk sk sk sk ok ok sk sk ok sk sk sk sk ok ok

Iy,

Subroutine PRESSURE

implicit none |
integer X,y,Xxmax,ymax ’-.- N
parameter(xmax=25,ymax=52]

%
/\
b 3

double precision V(0:xmax,0:ym4
& pre, M, AB ,/
common/CO2_DEN
common/CO2_TEMP/T(0:x:
common/PRESS/pre(0:

[1d ﬁ‘ ’-!\

NN

do 100 y=0,ymax
do 200 x=0,xmax

R=83.144 o~ +Gasconstant—— -

Tc=304.2 : atl.ﬁ of CO2
Pc=72.9 ! Cntlczil)ressure of CO2

Z¢=0.274 ﬂ u E] ’J ‘y] wa wﬁ’};ﬂ@tm of CO2
M=44.01

= AN TUNAIINYIA Y

W=(0.2905-Zc)/0.085
xxx=(1.0+(0.48508+(1.5517*W)-(0.15613*W**2.0))
& *(1-(T(x,y)/Tc)**0.5))**2.0
A=0.42748*xxx*(R**2.0)*(Tc**2.0)/Pc
B=0.08664*R*Tc/Pc

V(x,y)=M/rho(x,y)
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pre(x%,y)=((R*T(x,y)/(V(x,y)-B)-(A/(V(x,y)*(V(x,y)+B))))*1.0d+5
pre(x,0)=pre(x,1)

200  continue

100  continue

return

end

ok ok ok sk ok ok sk sk ok ok ok ok ok sk ok ok ok ok ok ok sk 3k ok ok ok sk ok sk ok ok ok ok sk ok sk ok ok ook ok skokok ok ok

Subroutine ERROR(bM \
implicit none | '
integer Xmax,ymax,X, -
double precision bbb,pre i
parameter(xmax=25,ymax
common/PRESS/pre(0:xime
common/PRESSLOOP/pre .f,r
sum=0.0d+0 | '
do 100 x=1,xmax-1 | =
do 100 y=1,ymax-1 1
sum=sum+(prelp(g,‘g-pre(x,y)) Y

100 continue ﬂ UBINENINEINT

bbb=dabsuum)/(xmax*yma§)

= QRININTUNRINY 1A Y

AW



Subroutine TDMA(jj,ii,aa)

implicit none

integer ii,jj,k,xmax

parameter (xmax=25)

double precision w,aa(4,0:xmax)

do 100 k=ij,i

100 ¢

do 200 k=iijj+1,-1

200 continue

return

end

S sl mﬂmwmn Susesemmssnonsons
Subroue WVFW%U URIINYINY

w=aa(2,k)
aa(4,k)=aa(4,k)/w

if (k.1t.ii) then 7 -
aa(3,k)
aa(2,k+

aa(4,k+
end if

ontinue

aa(4,k-1 )—aa(4 k-1 )-aa

] P
| |
¥ J.I-'

implicit o

integer xmax,ymax,interval,n,x,y

parameter(xmax=25,ymax=521)

double precision rho,T,vx,vy,pre

common/timest/n,interval
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common/CO2_ DENSITY/rho(0:xmax,0:ymax)
common/CO2_ TEMP/T(0:xmax,0:ymax)
common/CO2_VEl/vx(0:xmax,0:ymax),vy(0:xmax,0:ymax)
common/PRESS/pre(0:xmax,0:ymax)

do 100 y=1,ymax-1

do 200 x=1,xmax-1

end if
if (mod(n,100

write(1,

end if
if (n.EQ.interval) then |

write(5%) X
write(6,) pre(x,y).x,)

write(7,%) rho(x,y),X,y

o L) '%T’S‘WEW TNYINT

200 continue | = Y,
00 e | ﬁNﬂ‘iﬁU AN1INYIaY
do 300 y—l,ymax-l
do 400 x=12,12
if (mod(n,2000).eq.0) then
write(13,*) T(x,y),x,y

write(14,*) pre(x,y),X,y
write(15,*) rho(x,y),x,y

137



AU INENTNEINT
ARIRATAUUNINGA Y

138



APPENDIX C

ISENTROPIC FLOW
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Isentropic flow

Flow fields from which all molecular transport effects are absent form an

important special case to which constant reference is made in analytical fluid

dynamics. The total energy equatlox‘ll” DS

at T =0; and the flow is said to be
isentropic. The remainder ¢

Maybe regarded as bein

that when the flow field is

not homentropic. pis a diffi ent,.ﬁﬁ;’lff ' lifferent material elements. The

-
constant specific hea The ma nentum dghservation equations, when

supplemented ﬁthls reﬁtnn between ﬁi ﬁare now sufficient to determine the

flow field, an hurﬂgg nﬂn ogxl?q&f’s] grves to determine the

associated temperature distribution. The simplifying feature efsisentropic flow is

. exnes baeb e namal S an | 4o ncrey

rever51ble and internal energy and temperature play passive roles, merely

changing in response to the compression of a material element.

The equations governing isentropic flow may thus be written as
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Du
—=pF -V
th Yz p

together with the energy equation, where c* = (Z—p) is a function of p (or,
P s

alternatively, of p) of a form which may be different for different material

elements. @,’//
Th i @1 {iﬁ_ he | £
e€se equations may ‘ re the 1mportant case of a

homentropic flow field, f a function of p alone.

The physical significan
velocity, may be seen i
uniform density p, is

given by p,F =Vp,

B )
The fluid is then dlst:{bed sllgﬁiijry’(al ntropic), by some or all
material elements be *,F“—”” ¢hanged by small amounts,

and is subsequently allgwe '

it. The fluid is elastic, and no energy is dissipated, so oscillations about the

e s 5 | UNINEIN3
e @R G T B AL T B B o

magmtude and a consistent approximation to the equations governing isentropic

quili@ium and to oscillate about

flow is
L 3 2’1+V-u=0
PoCo Dr
Du
Ry == g =V

Dt
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where ¢y is the value of ¢ at p_py On eliminating « by taking the temporal and

spatial gradients of these two equations respectively, then

1 &°p F-V
gt gy~ plf L

- Co

rm gravitational field, in which

case F=g, V-F=0 , and.the"las 5 ible except in the event of the
v 2

length scale of the press( » Heing ? compared with £ Thus in
\ g

these common circum wave equation for p; and

p; satisfies the same e of this equation representing

plane compression wav ) ase velocity ¢y and in which

the fluid velocity u is para yagation. In other words, ¢ is

the speed of propagation of hose undisturbed density is py

. Not all solutions of the equations
i

s y mind the interpretation

of ¢ as the local val of the ' i -T waves would propagate
through the fluid.

AUINENINEINT
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THE JOULE - THOMPSON EXPANSION
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The Joule-Thompson Expansion

It soon became apparent that the result of the Joule expansion experiment

was not valid for real gases. A more accurate experiment, slightly different, was

’ ,/unher elucidate the properties on real

,gm was forced through a porous
e other side of the plug at p,,

carried out by Joule and J.J. Thomp

gases under expansion.

A sample of a gas, ini
plug at constant pressure ‘came oul
V,, and T,. The apparatus®Wasdnstilated s fhatg=0%Bhe work has two terms, the
work done on the system to foree s p c ., ¢ plug and the work done by
the system on the surrounding t came-out the other side of the plug.

The total work is

This process, unlike thé Joule expan fant internal energy.

:Ds given by,

ﬂuﬂm‘ﬂmam
o o AR TUNNAAN IS B, 2 o

experiment they could select a value for Dp, and then measure D7. The ratio of

The enthalpy, however

these two quantities is an approximation to a derivative,

AT oT
= Il |
Ap (ap) =Hy (1)
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Lyt is called the "coefficient of the Joule-Thompson effect." This coefficient is

not zero for a real gas (or for realistic equations of state like the van der Waals

equation of state), but we will now show that it is zero for an ideal gas. Applying

the Euler chain rule to Equation (1) we obtain,

@

we see that if 47 is positive then dT is negative upon expansion so that the gas

cools. On the ﬁeuaﬂ i 4 s hdehtive, then 7] & [pobitive so that the gas

warms upon expans1on In order todiquefy a gas.by a Joule-Thompson expansion

oo £ QTHRIAT DI T TR0 P, some

inversion aemperatures are:
He 40 K N, 621K  0,764K  Ne231K
We see that N, and O, will cool upon expansion at room temperature, but

He and Ne will warm upon expansion at room temperature.
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COURANT-FRIEDRICHS-LEWY (CFL) CRITERION
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Courant-Friedrichs-Lewy (CFL) criterion

Because this method is an explicit formulation, the time step is subject
to a stability criterion. To determine the size of time step, the following version
of the Courant-Friedrichs-Lewy (CFL) criterion is used for the convergence of
an explicit finite difference scheme. The Courant-Friedrichs-Lewy (CFL) is the
domain of dependence of the discrete problem includes the domain of
i limit as the length of the finite

difference steps goes to ze o important stability that must
J "

Ay
K =

factor”

- UETNENTNYINT
VPRARTUIMINGIAE
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