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Pressure drop, AP Pa

Pressure loss coefficient, ¢

Nozzle directiond 10
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Diffuser directiond 10
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ml/min
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ml/min
ml/min
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47.1

0.32
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0.55

0.54
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A3.2 O0O0ODOOODOOOOOO
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Table A1 OOO0OOO0OO0ODOOCOOO

Pump size Size ratio  Kinetic viscosity

almm] ag/aa [-] v[m?/s|
0.25 1 1.004 x 1076
0.5 2 2.008 x 1076
1.0 4 4.016 x 1076
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A4 0O0O0OOOOO0O10DDOOO0OO0OOOOODOOO

gbooooooooobooooooooboboob1obobobobobOobobOoo

1 5k ok ok ok ok ok ok ok ok sk ok ok ok ok sk ok ok ok ok sk sk ok ok ok ok sk sk ok ok ok ok sk sk ok ok ok ok sk ok ok ok ok sk ok ok ok ok sk sk ok ok ok ok sk ok ok ok ok sk ok ok ok ok ok ok

ooooooo:10000
2008.1
Program Name: netFlow_cal.f90
File Name of Output: test_datal.csv
test_data2.csv

Programed by Seiichi Tanaka

|
|
|
|
|
|
|
|
|
! Kyusyu Institute of Technology Graduate School of
! Life Science and System Engneering
|
1 sk sk sk sk sk ok ok ok ok o ok ok ok ok sk ok ok ok sk ok ok ok ok ko ke ko ok sk sk sk ok ok sk sk ok ok Kk ok sk k ko sk ok sk ok sk ok ok ok ok ok ok ok ok ok
program netFlow_cal_unst
1 skok ok o o ok ok ok ok ok ok ok o o K oK oK ok ok ok o o K oK oK oK ok ok o o o K oK oK ok ok o o K K oK oK ok ok o o o K ok oK ok ok o o K K oK ok ok ok ok o o K K ok ok oK
implicit none
integer :: flg
real :: pi=3.14159265
real :: v_1lmax,q,x,q_d
real :: A1,A2,A3, alpl,alp2, &
t2,t3, w2,w3,wd, L2,L3,L3eq,Ld, de2,de3,ded, &
k_rect,alpha_m2,alpha_m3,&
nu,rho, &
zeta_d,zeta_n=0.0,ft2,ft3, &
zeta_2in,zeta_2out,zeta_3in,zeta_3out
real :: freq,efreq,dfreq,vol,evol,dvol, &
p2,p3,dp,p2_d,p_max
real :: re,re_max,re_d,wo,wo_max,wo_d
real :: cal_conv
common /pump/ rho,L2,L3eq,alpl,alp2, &
ft2,ft3,zeta_2out,zeta_2in,zeta_3out,zeta_3in, &
zeta_d,zeta_n, &
alpha_m2,alpha_m3
common / cal/ cal_conv

kxkxskkxk J OO0 000000000 skkkskkskkk
open(60,file=’pump_condition.txt’,status=’0ld’)

read(60,*) Al

read(60,*) t2,w2,L2

read(60,*) t3,w3,L3

read(60,*) Ld

read (60, *)

read(60,*) nu,rho

read(60,x*)

read(60,*) zeta_d

read(60,*) zeta_2out,zeta_2in

read(60,*) zeta_3out,zeta_3in
close(60)

kxkxkkkk J OO0 O00O00O00ODO skkskokskkk
open(70,file="drive_condition.txt’,status=’0ld’)
read(70,*) freq
read(70,*) efreq
read(70,*) dfreq
read(70,*) vol
read(70,*) evol
read(70,*) dvol
read(70,*) p2
read(70,*) p3
read(70,*) dp
close(70)
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kxkxsokxk (J OO0 00000000 skkskkskokkk
cal_conv = 1.0e-5

txxkxkkkk J OO0 000000000000 skkskkskskk
open(20,file=test_datal.csv’,status=’0ld’)
open(30,file="test_data2.csv’,status=’0ld’)

100 format(£10.1,x,’[Hz]’,4x,f10.3,x,’ [mm~3]’,4x,f10.3,x,’ [m1/min] ’,4x,f10.3,x,’ [Pa]’)
110 format(fi10.1,’,’,f10.3,’,’,f10.9,’,’,f10.9,’,’,f10.9,°,°)

write(20,*) > 000 [Hz],’,’ 00 [ml/min],’,’ 00O [Pal,’,’ 0000 [m/s]’

write(30,*) ’Re[-],’,’Wo[-],’,’fail[-],’,’2fai/Re[-],’, psi[-],"’

Psokskokskokksk [ [ [ 0 0 [0 skeokskokokskkok

print*x, 000000001 0000000000
printx, > 00000000COO0OO0O0OODOOO?
printx, > x 00000 (OOOCO) =0
printx,’ x 00000 (OO-0000) = 1°

print*,’ x OO0-0000 = 2°
printx,’ * O00O0O-0000 = 3
printx,’ * 0O00O00-0000 = 4°
printx,> * 00000-0000 =52
printx,> * 00000000 =6
printx,’ * 00000000 2 =7
read(*,*) flg

pause

tkxkx JOO00O0OO0O0O00000O =kxx
print*x, > 0000000
1000 ,A2,A3
A2 = t2 * w2
A3 = t3 * w3
0000 ,alp2,alp3
alpl = A1 / A3
alp2 = A2 / A3
'§00o0d,de2,de3
de2 = 4.0 x t2 x w2 / ( (t2 + w2 ) *x 2.0)
de3 = 4.0 x t3 * w3 / ( ( t3 + w3 ) 2.0 )
00000 ,L3eq
L3eq = A3 / ( A3 - A2 ) * log( A3 / A2 ) % Ld + L3
'\00o0o0g,ft2,dt3
ft2 = k_rect(w2,t2) * 32.0 * nu * L2 / ( de2 **x 2.0 )
ft3 = k_rect(w3,t3) * 32.0 * nu * L3 / ( de3 *x 2.0 )
000000000 ,zeta_n
do x=0,Ld,Ld/1000.0

wd = (w3 - w2 ) / Ld * x + w2

ded = 4.0 * t3 * wd / ( (t3 + wd ) * 2.0 )

zeta_n = zeta_n + &

(A3 / (t3 *xwd ) *x &
k_rect(t3,wd) / ( ded **x 2.0 ) * Ld/1000.0 )

end do
zeta_n = 64.0 * nu * (alp2 ** 2.0) * zeta_n
\goooooo

call alpha_momentum(w2,t2,alpha_m2)
call alpha_momentum(w3,t3,alpha_m3)

Psokokokokokokok [ [ 0 0 0 O skokskokokokokok
tkxkkkxx OO0O000 (OOOO) OO **x
if (f1g==0)then

Vst sk e ok ok sk sk ok ok o ok ok sk sk sk sk sk s ok sk sk sk sk ok o ok ok sk sk sk ok ok

takkx (JO 0000 s#kkkx

v_lmax = pi * freq * vol / Al

call unsteady_cal_O(v_imax,freq,q,p2,p3,A2)

txkxx D0 0000000000 0O0CO0 **kx
write(*,100) freq,vol*1.0e9,q/(0.01%%*3.0)*60.0,p2
write(20,*) freq,’,’,q*1.0e6%60,’,’,p2,’,’,v_1lmax

Likxokkxk 0000 (DO-0000) OO %%

else if(flg==1)then
1k ok kKoK KKK KKK KK KK KKK KKK KKK ok K
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q=1.0

p3

p2 = 0.0
= 0.0

do while(q > 0.0)

rkkk OO0 (DO0O0O00O0O00DO) skkx

p2_d = p2

q-d =q

kkk J OO OO0 skkkk

v_lmax = pi * freq * vol / Al

call unsteady_cal(v_1imax,freq,q,p2,p3,A2)
tarkx JO0O00000000COO0O0000O0 =kxx
if(q > 0.0)then

write(*,100) freq,vol*1.0e9,q/(0.01%%*3.0)*60.0,p2
write(20,*) freq,’,’,q*1.0e6%60,’,’,p2,’,’,v_1lmax

end if
Vaskkok [ [0 [0 skkx
p2 = p2 + dp

end do

ook JO00000000000O0 **%x

pomax = (q* (p2.d-dp) -qdx* (p2-dp) )/ (q-qd)

write(*,100) freq,vol*1.0e9,0.0,p_max
write(20,*) freq,’,’,0.0,’,’,p_max,’,’,v_1lmax

Paorokkokokokk [J OO0 -0 00 00O skkkokokokkok
else if (flg==2)then
D ateokeokok ok ok ok ok koo ok ok sk ok sk ok skl sk sk ok sk ok ok ok ko ok ok ok ok okok

do freq=dfreq, efreq, dfreq

tikxk (J OO OO0 skkkk

v_1lmax = pi * freq * vol / Al

call unsteady_cal(v_1imax,freq,q,p2,p3,A2)
kxkx JO0000000DOOCOO0O0000O0 xkxx

write(*,100) freq,vol*1.0e9,q/(0.01%x3.0)*60.0,p2
write(20,*) freq,’,’,q*1.0e6%60,’,’,p2,’,’,v_1lmax

end do

Psekskokskokkk [J 0 -0 00000 skkskkskokxkk

else if (flg==3)then
Dok ook koK ok KKK oK KKK KKK KKKk o

do freq=dfreq, efreq, dfreq

q=1.0
p2 = 0.0
p3 = 0.0
do while(q > 0.0)
texkx OO0 (DOODODOODODOO) ®kxx
p2_d = p2
qd =gq
takokk J OO OO0 kkkk
v_ilmax = pi * freq * vol / Al
call unsteady_cal(v_1lmax,freq,q,p2,p3,A2)
Psokokk [ [ [0 skokkx
p2 = p2 + dp
end do

kkx DO D000 O000000O0 s*kxx

pmax = (q* (p2.d-dp ) -qd* (p2-dp) )/ (q-qd)

tarkx JO0 0000000 OCOOO00000O0 k%%
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write(*,100) freq,vol*1.0e9,0.0,p_max
write(20,*) freq,’,’,0.0,’,’,p_max,’,’,v_1max

end do

rrkkkkxx O OO0 -00000O0 *kkx*
else if (flg==4)then
1 3k sk ok ok ok ok ok ok ok sk ok ok ok ok ok sk ok ok ok ok sk sk ok ok ok ok sk sk ok ok ok ok sk sk ok ok ok

do vol=dvol, evol, dvol

tikxk (J OO OO0 skkkk

v_1lmax = pi * freq * vol / Al

call unsteady_cal(v_imax,freq,q,p2,p3,A2)

xkkx JO0O000O0O00O0O0O00O0O0O0O0O0O *xkk
write(*,100) freq,vol*1.0e9,q/(0.01%x3.0)*60.0,p2
write(20,*) freq,’,’,q*1.0e6%60,’,’,p2,’,’,v_1lmax

end do

Prrkkkkkx OO0 O000-000000O *k*x*
else if (flg==5)then
1 sk okeok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

do vol=dvol, evol, dvol

q=1.0
p2 = 0.0
p3 = 0.0
do while(q > 0.0)

takxx D00 (OO0O0OO0OOODO) *xkx
p2_d = p2

q-d =q

tarokk J OO OO0 kkkk

v_ilmax = pi * freq * vol / Al

call unsteady_cal(v_1lmax,freq,q,p2,p3,A2)
Psokokk [ [ [0 skokkx

p2 = p2 + dp

end do

ekkx JO00000000O00O00O0 #*xx

pmax = (q* (p2.d-dp ) -gqd* (p2-dp) )/ (q-qd)
kkx 00000000000 0O000O00O **kxk

write(*,100) freq,vol*1.0e9,0.0,p_max

write(20,*) freq,’,’,0.0,’,’,p_max,’,’,v_1max

end do

Porokokokokokk [J O 000 O OO skokokokokokokokokokok
else if (flg==6)then
D ateakeokokok ok ok ok koo ok ok ok ok ok ok sk sk sk sk ok sk ok ok ok ok ok ok ok ok ok ok ok

do re=re_d, re_max, re_d
do wo=wo_d, wo_max, wo_d

exkk JOOODOOO0OO0O #xxk

v_1lmax = re * nu / de2

freq =nu / ( 2.0 * pi ) * ( 2.0 * wo / de2 )**2.0

call unsteady_cal(v_1imax,freq,q,p2,p3,A2)

kxkk JOOODO0O000O0O0O00OO0OOO0 *kkx

write(*,*) re,wo,q*1l.0e6%60,q/((w2%*2.0)*v_1imax)

write(30,110) re,wo,q/((w2**2.0)*v_1max),2.0*q/((w2**2.0)*v_1max)/re,0.0

end do
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end do

Paskorokkokx [J 0 00000 2 skkskskskokkskskok
else if (flg==7)then
1 sk ok o o ok ok ok ok ok ok o o o koK ok ok ok ok o o koK ok ok ok ok o o kK ok ok ok ok ok

re = re_max
WO = wo_max

q=1.0
p2 = 0.0
p3 = 0.0
do while(q > 0.0)

rkx D00 (DO0O0O00000O0) **x%

p2_d = p2

qd =gq

taxkx JOODODODOODODOO *xkx

v_imax = re * nu / de2

freq =mnu / ( 2.0 * pi ) * ( 2.0 * wo / de2 )**2.0

call unsteady_cal_O(v_1imax,freq,q,p2,p3,A2)

tkxkk JOOO0DO0O00O00O0OO0OOCOO0O *kkx

if(q > 0.0)then
write(*,*) re,wo,q/((w2**2.0)*v_1imax),p2/(rho*(v_imax**2.0)*0.5)
write(30,110) re,wo,q/((w2**2.0)*v_1imax),2.0%q/((w2**2.0)*v_1max)/re,p2/(rho*(v_1lmax**2.0)*0.5)

end if

Ukkkk [ [ [0 skkx

p2 = p2 + dp

end do

txxxx 0000000000000 skkkk

pmax = (g * (p2.d-dp ) -qd=* (p2-dp) )/ (q-qd)
write(*,*) re,wo,q/((w2%*2.0)*v_1Imax),0.0

write(30,110) re,wo,q/((w2**2.0)*v_1imax),2.0*q/((w2**2.0)*v_1max)/re,0.0

else
end if

close(20)
close(30)

999 pause
stop
end

Vaskorxskskokx [J OO0 00 (OO0 DO O) skkskokskokokskskokskokokskokskokskokskokskokskokok skok sk ko sk ok k
subroutine unsteady_cal_O(v_1lmax,freq,q,p2,p3,A2)
1 sk sk sk sk ok ok o 3 o ok ok ok ok ok ok ok ok 3k K K K K K K K K o o ok ok ok ok ok ok ok ok ok oK K K K K K K K 3 o o o ok ok ok ok ok ok ok ok ok oK K K K K K
implicit none
integer :: i
real :: v_1max,freq,q,p2,p3,A2
real :: v_1,v_2,vd_1,vd_2, &
qd,q_conv, &
time,dt,cal_end
real :: pi = 3.14159265
real :: cal_conv
common /cal/ cal_conv

Pk [ [ 000 *kkk
dt = 0.001 / freq 1100 100000
cal_end = 2.0 / freq 2000000

vd_1 = 0.0
vd_2 = 0.0
qd = 0.0
q_conv = 1.0
i=0
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do while(q_conv > cal_conv)

q=0.0
time = 0.0
open(40,file="test_data3.csv’,status=’0ld’)

do while(time < cal_end)

Paokxok v_1 [0 *kkx

v_1l = v_1lmax * sin(2.0 * pi * freq * time)
Pakkok v_2 [J [0 %%k

call newton(p2,p3,v_1,vd_1,v_2,vd_2,dt)
erkx J OO0 (DOODO) *%xx

q=q+ A2 x (v_2 + vd_2) * 0.5 * dt / cal_end
ikkk (J OO 00O skkkk

write(40,*) time,’,’, v_1,’,’, v_2

Paokkok [J [0 [0 skokokok

vd_1 = v_1

vd_2 = v_2

time = time + dt

end do
close (40)

takkk J OO OO0 *kkkk

g_conv = abs( (q - qd) / q )

print*, gq_conv

if( i > 1000)then !'1000 000000000 0ODOOOOOOOO
goto 300

end if

Pokskok [J [ [0 kkkx

qd =q

i=1i+1

end do

300 return
end

Pkskkskskskok [J 0000 (OO OO DO)  skskoskokokokokokokokskokkskosk sk sk sk ko sk skok sk ok skok sk ok ok ok ok k ok k
subroutine unsteady_cal(v_1lmax,freq,q,p2,p3,A2)
1 sk sk sk ok ok o o o ok ok ok ok ok ok ok ok sk ok K K K K K K K o o ok ok ok ok ok ok ok ok ok oK 3k K K K K K K 3 o o o ok ok ok ok ok ok ok ok ok oK K K K K K K
implicit none
integer :: i
real :: v_1lmax,freq,q,p2,p3,A2
real :: v_1,v_2,vd_1,vd_2, &
qd,q_conv, &
time,dt,cal_end
real :: pi = 3.14159265
real :: cal_conv
common /cal/ cal_conv

Pk [0 00O *kkk
dt = 0.001 / freq 1100 100000
cal_end = 3.0 / freq

vd_1 = 0.0
vd_2 = 0.0
qd = 0.0
q_conv = 1.0
i=0

do while(g_conv > cal_conv)

q=0.0
time = 0.0

do while(time < cal_end)
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Pk v_1 [0 s*kkkx

v_1l = v_lmax * sin(2.0 * pi * freq * time)

Pokkok v_2 [0 [0 *kkkx

call newton(p2,p3,v_1,vd_1,v_2,vd_2,dt)

ekkk D000 (ODOODO) #xxk

q=q+ A2 x (v_2 + vd_2) * 0.5 x dt / cal_end

Vaokok [J [0 [0 skkokok
vd_1 = v_1
vd_2 = v_2
time = time + dt

end do

tixkk J OO OO0 kkkx
q_conv = abs( (q - qd) / q )
if( i > 1000)then
goto 400
end if
Pokokok [J [ [0 skokokk
qd =q
i=31i+1

end do

400 return
end

Paokkxskskokx J OO0 000 (OO OO DODO) skskskokokokskskokokskskoskokskskskokokokskokskok sk sk ok ok k sk ok ok

subroutine newton(p2,p3,v_1,vd_1,v_2,vd_2,dt)
Dtk ok ook ok ok ok ok ook ok Kok ok ok ok ok ok ok ook ok Kok ok ok ook ok Kok ok sk ok Kok ok ok ok Kok ok ok ok Kok ok ok kK ok

implicit none

integer :: i

real :: p2,p3,v_1,vd_1,v_2,vd_2,dt
real :: nfunc,v_2conv,v_2n

real :: cal_conv

common /cal/ cal_conv

Pk [ [ 000 *kkk
v_2conv =1.0

v_2n = 0.0

v_ 0.0

i

[V ]
o |

do while( v_2conv > cal_conv )

v_2 = v_2n - nfunc(p2,p3,v_1,vd_1,v_2n,vd_2,dt)

Pokokk v_2 [0 000 skkxkk
if( (v_2==0.0) .and. (v_2n==0.0) )then
v_2conv = 0.0
else
v_2conv = abs( (v_2 - v_2n) / v_2 )
end if

if( i > 1000 )then
goto 500

end if

Vakokx [ [0 [0 skkx

v_2n = v_2

i=1i+1

end do

500 return
end

Usoskokokokoksk [ [ [0 [0 0 [0 0 0 skeakskokokokokoskok skook ok sk ok sk ok ok sk ok sk ok sk ok sk ok ok sk ok sk ok ok sk ok sk ok ok sk k

function nfunc(p2,p3,v_1,vd_1,v_2,vd_2,dt)

1 sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk k ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok sk ok k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok sk ok ok ok ok ok ok
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implicit none
real :: nfunc,p2,p3,v_1,vd_1,v_2,vd_2,dt
real :: fq,fqd,zeta_ei2,zeta_ei3,zeta_dn

real :: rho,L2,L3eq,alpl,alp2, &
ft2,ft3,zeta_2out,zeta_2in,zeta_3out,zeta_3in, &
zeta_d,zeta_n, &
alpha_m2,alpha_m3

common /pump/ rho,L2,L3eq,alpl,alp2, &
ft2,ft3,zeta_2o0ut,zeta_2in,zeta_3out,zeta_3in, &
zeta_d,zeta_n, &
alpha_m2,alpha_m3

tkxkxk J OO 000 *kkkx
if(v_2 >= 0)then
zeta_ei2 = zeta_2out
else
zeta_ei2 = zeta_2in
end if
if( ( alpl * v_1 - alp2 * v_2 ) >= O)then
zeta_ei3 = zeta_3out
zeta_dn = zeta_d
else
zeta_ei3 = zeta_3in
zeta_dn = zeta_n / ( alpl * v_1 - alp2 * v_2 )
end if

fq = (p2 - p3) / rho &
+ ( L2 * alpha_m2 + alp2 * L3eq * alpha_m3 ) * ( v_2 - vd_2 ) / dt &
- alpl * L3eq * alpha_m3 * ( v_1 - vd_.1l) / dt &
+ ( ft2 + alp2 * ft3 ) * v_2 &
- alpl * ft3 * v_1 &
+ zeta_ei2 * v_2 * abs( v_2 ) * 0.5 &
- ( zeta_ei3 + zeta_dn / ( alp2 ** 2.0 ) ) &
* (alpl * v_1 - alp2 * v_2 ) * abs( alpl * v_1 - alp2 * v_2 ) * 0.5

fqd = ( L2 * alpha_m2 + alp2 * L3eq * alpham3 ) / dt &

ft2 &

alp2 * ft3 &

zeta_ei2 * abs( v_2 ) &

( zeta_ei3 + zeta_dn / ( alp2 ** 2.0 ) ) * alp2 * abs( alpl * v_1 - alp2 * v_2 )

+ o+ 4+ o+

nfunc = fq / fqd

return
end

Porokorokokokok [ [ 00 0 0 0 O O O O skskokeokoskokoskookok ok ok sk ok sk ok sk ok ok sk ok s ok ok sk ok ok ok ok sk ok sk ok ok ok ok sk ok ok
function k_rect(a,b)

1 sk sk sk sk s ok sk ok sk sk ok sk ok sk ok sk ok o ok ok ok sk sk ok sk ok s sk sk ok sk sk ok sk ok sk ok sk ok s ok ok sk sk s ok sk k sk ok ok sk sk ok sk ok sk ok sk ok ok sk ok ok ok
implicit none

real :: pi=3.14159265

real :: k_rect,eps,a,b

eps = b / a
k_rect = ( 3.0/ 2.0) &

/ (1.0 + eps ) **x 2.0 &
/ (1.0 -192.0/ (pi *x 5.0 ) * eps * ( tanh( pi / ( 2.0 * eps ) ) &
+ 1.0/ (3.0*x5.0) * tanh( pi / ( 2.0 * eps ) ) ) )

return

end

Porokorokokokok [ [ [0 00 0 0 O O O skokeokokokokokokok ok skok sk ok ok skook ok ok ok sk ok ok ok ok sk sk ook ok ok ok sk ok ook ok ok ok sk

subroutine alpha_momentum(a,b,alpha_m)
1 stk ke s ok ke ok ok kst ok ks s ok sk o ok ke sk ok ke sk ok sk ook sk o ok ok ok

implicit none
real :: pi=3.14159265
real :: u_apl,u_ap2,u_ap3,u_ap4,&
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alp_amp_ap,alp_amp_pa,alpha_m

real :: a,b,x,y
a=a=x0.5
b=D>b=*0.5
alp_amp_ap = 0.0
u_ap4 = 0.0
do x=0.0,a,a/1000.0
u_apl = 0.0
u_ap2 = 0.0
u_ap3 = 0.0
do y=0.0,b,b/1000.0
u_apl = - 16.0 * b*x*2.0 / ( pi**3.0 ) &

* (cosh( 0.5 * pi *x /b ) / cosh( 0.5 * pi xa /b ) *x cos( 0.5 xpi xy/b) &
- 1.0 / 3.0%%3.0 * cosh( 0.5 * 3.0 * pi * x / b ) / cosh( 0.5 * 3.0 * pi xa /b ) &
* cos( 0.5 * 3.0 xpi xy /b)) &
+ ( bxx2.0 - y**2.0 ) * 0.5
u_ap3 = u_ap3 + (u_apl + u_ap2 ) * 0.5 * b/1000.0
u_ap2 = u_apl
end do
alp_amp_ap = alp_amp_ap + ( u_ap3 + u_ap4 ) * 0.5 * a/1000.0
u_ap4 = u_ap3
end do
alp_amp_ap = ( alp_amp_ap / (a * b ) ) *x 2.0

alp_amp_pa = 0.0

u_ap4 = 0.0

do x=0.0,a,a/1000.0
u_apl = 0.0
u_ap2 = 0.0
u_ap3 = 0.0

do y=0.0,b,b/1000.0
u_apl = ( - 16.0 * b**2.0 / ( pi**3.0 ) &
* (cosh( 0.5 * pi * x / b ) / cosh( 0.5 * pi xa /b ) *x cos( 0.5 xpi xy/b) &
- 1.0 / 3.0%%3.0 * cosh( 0.5 * 3.0 * pi * x / b ) / cosh( 0.5 *x 3.0 * pi *a /Db ) &
* cos( 0.5 *3.0xpi*xy /b)) &
+ ( b*x2.0 - y**2.0 ) * 0.5 ) **x 2.0
u_ap3 = u_ap3 + ( u_apl + u_ap2 ) * 0.5 * b/1000.0
u_ap2 u_apl
end do
alp_amp_pa = alp_amp_pa + ( u_ap3 + u_ap4 ) * 0.5 * a/1000.0
u_ap4 = u_ap3
end do
alp_amp_pa = alp_amp_pa / ( a * b )
alpha_m = alp_amp_pa/alp_amp_ap

a =

a *x 2.0
b=Dbx* 2.0

return
end
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