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Attribute VB_Name = "Modulel"
Option Explicit

Public fname, path As String

‘constants

Public pi As Variant

Public ges As Variant

Public gsi As Variant

Public accuracy, itt As Double

‘number of network elements

Public nopipe, nonode, nonodef3, noloop, nosloop, nopres, nores, noboost, tempnode,
temppipe, tempq, detaq, vis As Variant

Public egn As Integer

Public eps As Double

' pipe characteristics

Public Ipipe(400), chwpipe(400), dpipe(400), kpipe(400), npipe(400), ed(400) As
Variant

Public fpipe(400), leq(400), ltot(400), deq(400), apipe(400), rey(400), ki(400), deltaq
As Variant

Public kp(400), ib(400, 400) As Double

'matrixes

Public mat(400, 400), r(400), gpipe(400), loops(400, 400), resloop(400, 400),
boostpump(400, 400) As Variant

Public apump(400), bpump(400), cpump(400), gpump(400), pipesloop(400), pres(400,
400), hboost(400) As Variant

Public apres(400), bpres(400), cpres(400), gpres(400), headboost(400), headpres(400),
deltah(400) As Variant

Public hOpres(400), hOpump(400), mean(400), backup, jv(400), pj(400), hpres(400) As
Double

' nodes information first index is number of node and second is for pipe
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Public gnode(400, 400) As Variant
Public demand(400) As Variant
Public nojoint(400) As Variant
Public hight(400) As Double
Public sj As Integer

Public js As Integer

Public statp(400) As Double
Public hydp(400) As Double

' counters

Public dahi, sies, err, c2, ¢3, cf3, erl, er2, er3, er4, erb, er6, er7 As Integer
Public Check1, check2, ittacc As Variant

Public mc, bcond, ip As Integer

‘water hammer variables

Public nparts, nn, index As Integer

Public vzero, hzero, elevup, elevdn, tmax, tclose, ws, headmx(500), headmn(500) As
Double

Public aprime, bprime, cprime, hsump, x(500), v(500), h(500), head(500) As Double
Public hlow(500), hhigh(500), nodes, delt, hzn As Double

‘functions

‘error form2
Public Sub er()

erf=erl *er2 *er3*erd *er5* er6
End Sub
VI

‘calculate number of equations
Public Sub equations()

eqn = (nopipe * 1) + (1 * noboost) + (1 * nopres)
End Sub

" calulate reynolds number
Public Sub calcreynolds()
If sies=1 Then
For mc =1 To nopipe
rey(mc) = (4 * Abs(gpipe(mc) / 1000)) / (vis * pi * ((dpipe(mc) / 1000)))
If rey(mc) = 0 Then rey(mc) = eps
Next mc
Else
For mc =1 To nopipe
rey(mc) = (4 * Abs(gpipe(mc))) / (vis * pi * (dpipe(mc) / 12))
If rey(mc) =0 Then rey(mc) = eps
Next mc
End If
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End Sub
‘T

‘calculate f
Public Sub calcf()
Dim a, b, ¢ As Variant
For mc =1 To nopipe
If rey(mc) <2100 Then
fpipe(mc) = 64 / rey(mc)
Else
a=(0.094 * (ed(mc) ~ 0.225)) + (0.053 * ed(mc))
b =88 * (ed(mc) ~ 0.44)
c=1.62* (ed(mc) * 0.134)
fpipe(mc) =a + (b / (Abs(rey(mc)) " ¢))
End If
Next mc
End Sub

Ve

‘calculate delta |
Public Sub deltal()
Dim aa As Variant
aa = (sies + 1) * (dahi + 10)
Select Case aa
Case 10:

For mc =1 To nopipe

leg(mc) = kl(mc) * dpipe(mc) / (12 * fpipe(mc))
Itot(mc) = Ipipe(mc) + leg(mc)
Next mc
Case 20:
For mc =1 To nopipe
leg(mc) = kl(mc) * dpipe(mc) / (1000 * fpipe(mc))
Itot(mc) = Ipipe(mc) + leq(mc)
Next mc
Case 11:

For mc =1 To nopipe
leg(mc) = 0.00532 * kl(mc) * Abs(gpipe(mc)) * 0.148 * chwpipe(mc) * 1.852
* dpipe(mc) * 0.8703
Itot(mc) = Ipipe(mc) + leg(mc)
Next mc
Case 22:

For mc =1 To nopipe
leg(mc) = 0.00773 * kl(mc) * Abs(gpipe(mc)) * 0.148 * chwpipe(mc) * 1.852
* dpipe(mc) * 0.8703
Itot(mc) = Ipipe(mc) + leg(mc)
Next mc
End Select
End Sub
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‘calculate k and n for each pipe

Public Sub kn()
Dim a1, g2, v1, v2, rel, re2, f1, f2, b, a, area, aa, Ina As Double
Dim c, chkg As Integer

aa = (sies + 1) * (dahi + 10)

Select Case aa
Case 22:
For mc =1 To nopipe
kpipe(mc) = (10.675 * Itot(mc)) / (chwpipe(mc) ~ 1.852 * dpipe(mc) ~ 4.87)
npipe(mc) = 1.852
Next mc
Case 11:
For mc =1 To nopipe
kpipe(mc) = (4.73 * Itot(mc)) / (chwpipe(mc) ~ 1.852 * (dpipe(mc) / 12) »
4.87)
npipe(mc) = 1.852
Next mc
Case 10:
chkg=0
For mc =1 To nopipe
dpipe(mc) = dpipe(mc) / 12
area = (pi * dpipe(mc) "~ 2) / 4
If gpipe(mc) <0 Then
gpipe(mc) = gpipe(mc) * -1
chkq=1
End If
gl = gpipe(mc) - (deltag * gpipe(mc))
92 = qpipe(mc) + (deltag * gpipe(mc))
vl=ql/area
v2 =02/ area
rel =v1 * dpipe(mc) / vis
re2 = v2 * dpipe(mc) / vis
If rel =0 Then rel = eps: If re2 =0 Then re2 = eps
If rel <2100 Then
f1=64/rel
Else
a=0.094 * (ed(mc) * 0.225) + 0.053 * (ed(mc))
b =88 * (ed(mc) ~ 0.44)
c=1.62* (ed(mc) " 0.134)
fl=a+(b/(rel”™c))
End If
If re2 <2100 Then
f2=64/re2
Else
a=0.094 * (ed(mc) * 0.225) + 0.053 * (ed(mc))
b =88 * (ed(mc) * 0.44)
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c=1.62* (ed(mc) * 0.134)
f2=a+(b/(re2”c))
End If
b = (Log(f1) - Log(f2)) / (Log(a2) - Log(ql))
Ina = Log(fl) + b * Log(ql)
npipe(mc) =2-b
kpipe(mc) = (Exp(Ina) * Itot(mc)) / (2 * ges * dpipe(mc) * area * 2)
dpipe(mc) = dpipe(mc) * 12
If chkq =1 Then
gpipe(mc) = -1 * gpipe(mc)
End If
chkg=0
Next mc
Case 20:
chkq=0
For mc =1 To nopipe
dpipe(mc) = dpipe(mc) / 1000
area = (pi * dpipe(mc) *2) / 4
If gpipe(mc) <0 Then
gpipe(mc) = gpipe(mc) * -1
chkq=1
End If
gl = gpipe(mc) - (deltag * gpipe(mc))
92 = qpipe(mc) + (deltag * gpipe(mc))
vli=ql/area
v2 =02/ area
rel = v1 * dpipe(mc) / vis
re2 = v2 * dpipe(mc) / vis
Ifrel =0 Then rel = eps: If re2 =0 Then re2 = eps
If rel <2100 Then
fl1=64/rel
Else
a=10.094 * (ed(mc) ~ 0.225) + 0.053 * (ed(mc))
b =88 * (ed(mc) * 0.44)
c=1.62* (ed(mc) * 0.134)
fl=a+(b/(rel™c))
End If
If re2 <2100 Then
f2=64/re2
Else
a=0.094 * (ed(mc) ”~ 0.225) + 0.053 * (ed(mc))
b =88 * (ed(mc) ~ 0.44)
c=1.62* (ed(mc) * 0.134)
f2=a+(b/(re2”c))
End If
b = (Log(f1) - Log(f2)) / (Log(q2) - Log(ql))
Ina = Log(fl) + b * Log(ql)
npipe(mc) = (2 - b)
kpipe(mc) = (Exp(Ina) * Itot(mc)) / (2 * gsi * dpipe(mc) * area ™ 2)
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dpipe(mc) = dpipe(mc) * 1000
If chkg =1 Then
gpipe(mc) = -1 * gpipe(mc)
End If
chkq=0
Next mc
End Select
End Sub
Vi

" forming matrix of coeficients in network without pesude loop
Public Sub simpelmat()
Dim w, p, wl, pl, pb, wb, rp, wc, pc As Integer

For w =1 To nonodef3
For p =1 To nopipe
If gnode(w, p) > 0 Then mat(w, Abs(gnode(w, p))) = -1 Else If gnode(w, p) =0
Then Else If gnode(w, p) < 0 Then mat(w, Abs(gnode(w, p))) =1
Next p
r(w) = demand(w)
Next w

For wl =1 To noloop
For pl =1 To pipesloop(wl)

If loops(wl, pl) > 0 Then mat(wl + (1 * nonodef3), Abs(loops(wl, pl))) =
kpipe(Abs(loops(wl, pl))) * (1 * Abs((gpipe(Abs(loops(wl, pl))))) »
(npipe(Abs(loops(wl, pl))) - 1)) Else If loops(wl, pl) = 0 Then Else If loops(wl, pl) <0
Then mat(wl + (1 * nonodef3), Abs(loops(wl, pl))) = -kpipe(Abs(loops(wl, pl))) *
(Abs((gpipe(Abs(loops(wl, pl))))) * (npipe(Abs(loops(wl, pl))) - 1))

Next pl
Next wl

For wb =1 To noloop
For pb =1 To nopipe
If boostpump(wb, pb) >0 Then mat(wb + (1 * nonodef3), Abs(1 *
boostpump(wb, pb)) + (1 * nopipe)) = -1 * apump(Abs(1 * boostpump(wb, pb))) *
gpump(Abs(1 * boostpump(wb, pb))): r(wb + (1 * nonodef3)) =1 *
hOpump(Abs(boostpump(whb, pb))) Else If boostpump(wb, pb) < 0 Then mat(wb + 1 *
nonodef3, Abs(1 * boostpump(wb, pb)) + 1 * nopipe) = 1 * apump(Abs(1 *
boostpump(wh, pb))) * 1 * gpump(Abs(1 * boostpump(wb, pb))): r(wb + nonodef3) =
1 * hOpump(Abs(1 * boostpump(wb, pb)))
Next pb
Next wb

For wc =1 To noloop
For pc =1 To nopipe
If Abs(1 * boostpump(wec, pc)) >0 Then
mat((1 * noloop) + (1 * nonodef3) + Abs(1 * boostpump(wc, pc)), (1 *
nopipe) + Abs(1 * boostpump(wc, pc))) =1
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mat((1 * noloop) + (1 * nonodef3) + Abs(1 * boostpump(wc, pc)), pc) = -1
End If
Next pc
Next wc

End Sub
Y
‘form RHS right hand side of eqgs for real loop with boosters (1 time only)
Public Sub rhsloop()
Dim wc, pc As Integer
For wc = 1 To noloop
For pc =1 To nopipe
If 1 * boostpump(wc, pc) >0 Then
r((1 * nonodef3) + (1 * noloop) + Abs(1 * boostpump(wec, pc))) = (1 *
bpump(Abs(1 * boostpump(wc, pc))) / (2 * apump(Abs(1 * boostpump(wc, pc)))))
Elself 1 * boostpump(wc, pc) < 0 Then
r((1 * nonodef3) + (1 * noloop) + Abs(1 * boostpump(wec, pc))) = (-1 *
bpump(Abs(1 * boostpump(wc, pc))) / (2 * apump(Abs(1 * boostpump(wc, pc)))))
End If
Next pc
Next wc
End Sub
Ve
‘calculate RHS eqs for pesudo loop pumps (1 time only)
Public Sub rhsnosloop()
Dim w, wl, pl As Integer
For w =1 To nosloop
r(w + (1 * nonodef3) + (1 * noloop) + (1 * noboost)) = deltah(w)
Next w
For wl = 1 To nosloop
For pl =1 To nopipe
If pres(wl, pl) > 0 Then r(wl + (1 * nonodef3) + (1 * noloop) + (1 * noboost)) =
r(wl + (1 * nonodef3) + (1 * noloop) + (1 * noboost)) + hOpres(Abs(pres(wl, pl))) Else
If pres(wl, pl) <0 Then r(wl + (1 * nonodef3) + (1 * noloop) + (1 * noboost)) = r(wl +
(1 * nonodef3) + (1 * noloop) + (1 * noboost)) - hOpres(Abs(pres(wl, pl)))
Next pl
Next wi
End Sub
‘calc boostpump G
Public Sub calcgboost()
Dim w, p As Integer
For w =1 To noloop
For p =1 To nopipe
If Abs(1 * boostpump(w, p)) >0 Then
gpump(Abs(1 * boostpump(w, p))) = qpipe(p) + (bpump(Abs(1 *
boostpump(w, p))) / (2 * apump(Abs(1 * boostpump(w, p)))))
End If
Next p
Next w

¢



End Sub
T T
‘calculate hOpump
Public Sub calchOpump()
Dim w, p As Integer
Forw =1 To noloop
For p =1 To nopipe
If Abs(1 * boostpump(w, p)) >0 Then
hOpump(Abs(1 * boostpump(w, p))) = cpump(Abs(1 * boostpump(w, p))) -
((bpump(Abs(1 * boostpump(w, p))) * 2) / (4 * apump(Abs(1 * boostpump(w, p)))))
End If
Next p
Next w
End Sub
Y
‘calculate pumpres G
Public Sub calcgpres()
Dim w, p As Integer
Forw =1 To nosloop
For p =1 To nopipe
If Abs(1 * pres(w, p)) >0 Then
gpres(Abs(1 * pres(w, p))) = qpipe(p) + (bpres(Abs(1 * pres(w, p))) / (2 *
apres(Abs(1 * pres(w, p)))))
End If
Next p
Next w
End Sub
Y
‘calc hO for boosterpump
Public Sub calchOpres()
Dim w, p As Integer
Forw =1 To nosloop
For p =1 To nopipe
If Abs(1 * pres(w, p)) >0 Then
hOpres(Abs(1 * pres(w, p))) = cpres(Abs(1 * pres(w, p))) - ((bpres(Abs(1 *
pres(w, p))) * 2) / (4 * apres(Abs(1 * pres(w, p)))))
End If
Next p
Next w
End Sub

T T
‘compelet matrix OF COEFICIENTS (for virtual loops)
Public Sub compmat()

Dim w, p, wc, pc, wl, pl As Integer

For w =1 To nosloop

For p =1 To nopipe
If resloop(w, p) > 0 Then mat(w + (1 * noloop) + (1 * nonodef3) + (1 *

noboost), Abs(1 * resloop(w, p))) = kpipe(resloop(w, p)) * Abs(gpipe(resloop(w, p))) "
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(npipe(Abs(resloop(w, p))) - 1) Else If resloop(w, p) = 0 Then Else If resloop(w, p) <0
Then mat(w + (1 * nonodef3) + (1 * noloop) + (1 * noboost), Abs(1 * resloop(w, p))) =
-kpipe(Abs(1 * resloop(w, p))) * (Abs(gpipe(Abs(resloop(w, p))))) " (npipe(Abs(1 *
resloop(w, p))) - 1)
Next p
Next w
For wl =1 To nosloop
For pl =1 To nopipe
If pres(wl, pl) > 0 Then mat(wl + (1 * nonodef3) + (1 * noloop) + (1 * noboost),
Abs(1 * pres(wl, pl)) + (1 * nopipe) + (1 * noboost)) = -1 * apres(Abs(1 * pres(wl, pl)))
* gpres(Abs(1 * pres(wl, pl))) Else If pres(wl, pl) <0 Then mat(wl + (1 * nonodef3) +
(1 * noloop) + (1 * noboost), Abs(1 * pres(wl, pl)) + (1 * nopipe) + (1 * noboost)) =1 *
apres(Abs(1 * pres(wl, pl))) * gpres(Abs(1 * pres(wl, pl)))
Next pl
Next wl
For wc = 1 To nosloop
For pc =1 To nopipe
If Abs(1 * pres(wc, pc)) >0 Then
mat((1 * noloop) + (1 * nonodef3) + (1 * noboost) + (1 * nosloop) + Abs(1 *
pres(wc, pc)), (1 * nopipe) + (1 * noboost) + Abs(1 * pres(wc, pc))) =1
mat((1 * noloop) + (1 * nonodef3) + (1 * noboost) + (1 * nosloop) + Abs(1 *
pres(wc, pc)), pc) =-1
r((1 * nonodef3) + (1 * noloop) + (1 * noboost) + (1 * nosloop) + Abs(1 *
pres(wc, pc))) = (1 * bpres(Abs(1 * pres(wc, pc))) / (2 * apres(Abs(1 * pres(wc, pc)))))
End If
Next pc
Next wc
End Sub

T T
‘calculate static and dynamic head in each node
Public Sub nodehead()
Dim istp, ist(100) As Double
Dim o, jj, ii, aa, bb, cc, dd, ee, ff, kK, je, ipipe As Integer
For ii = 1 To nopipe
For jj =1 To nopipe
ib(ii, jj)=0
Next jj
Next ii
For aa =1 To nonode
For bb =1 To nopipe
If gnode(aa, bb) =0 Then GoTo 420
For cc =1 To nonode
For dd =1 To nopipe
If (1 * gnode(aa, bb)) = (-1 * gnode(cc, dd)) Then
ib(aa, cc) = 1 * gnode(aa, bb)
ib(cc, aa) = -1 * gnode(aa, bb)
End If
Next dd
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Next cc
Next bb
420: Next aa
‘traversing the network
Foree =1 To 400
jv(ee) =0
pi(ee) =0
Next ee
jv(s) =1
istp=0
490: For ff = 1 To nonode
If ib(js, ff) = 0 Or jv(ff) = 1 Then GoTo 600
istp=istp+ 1
ist(istp) = ff
je =ff
jv(je) =1
ipipe = Abs(ib(js, je))
hydp(je) = hight(js) - hight(je) + hydp(js) - Sgn(ib(js, je)) * kp(ipipe) + Sgn(ib(js, je))
* headpres(ipipe) + Sgn(ib(js, je)) * headboost(ipipe)
600: Next ff
If istp =0 Then GoTo 670
js = ist(istp)
istp=istp-1
GoTo 490
js=lJe
GoTo 490
670: For kk =1 To nonode
statp(kk) = hight(sj) - hight(kk) + statp(sj)
Next kk
End Sub
T

‘water hamer simulation in pipes (for Reservoir in upper stream)
Public Sub whr()
Dim pipez(500) As Double
Dim vnew(500), hnew(500) As Double
Dim time, dell, delel, c, wtt, nexp, ak, delhf, f, factor, ctrl As Double
Dim np, n1, n2, n3, n4, n5, n6, n7, par As Integer
If sies =0 Then
dpipe(ip) = dpipe(ip) / 12
factor = 194.81
c=32.2/ws
Else
dpipe(ip) = dpipe(ip) / 1000
factor = 59.3263
€ =9.806/ws
End If
vzero = (4 * Abs(gpipe(ip))) / (pi * dpipe(ip) " 2)
np = nparts + 1

1y



witt = Ipipe(ip) / ws
dell = Ipipe(ip) / nparts
time=0
nexp =1
If dahi =1 Then nexp = 0.852
delt = dell / ws
index = Fix(tmax / delt) + 1
delel = (elevdn - elevup) / nparts
nodes = nparts + 1
If dahi = 1 Then f = chwpipe(ip) Else If dahi = 0 Then f = fpipe(ip)
If dahi = 0 Then
ak =f * delt/ (2 * dpipe(ip))
End If
If dahi =1 Then
ak = delt * factor / (2 * dpipe(ip) * (f ~ 1.852) * (dpipe(ip) ~ 0.166))
f = factor / ((f ~ 1.852) * (vzero " 0.148) * (dpipe(ip)  0.166))
End If
If sies =0 Then
delhf =f * dell * vzero ~ 2/ (64.4 * dpipe(ip))
Else
delhf =f * dell * vzero ™ 2/ (2 * 9.806 * dpipe(ip))
End If
Fornl =1 To nodes
v(nl) = vzero
h(nl) = hzero - (nl - 1) * delhf
hlow(nl) = h(n1)
hhigh(nl) = h(n1)
x(nl) = (n1-1) * dell
pipez(nl) = elevup + (nl - 1) * delel
head(nl) = h(nl) - pipez(nl)
Next nl
ctrl=1
par =0
Forn2 =1 To index
time =1 *time + 1 * delt
If time > 1 * tclose Then par =1
‘compute H and V at inteior nodes
For n3 =2 To nparts

vnew(n3) =0.5* (v(n3-1) +v(n3+1)+c*(h(n3-1)-h(n3+1))-ak*(v(n3

-1) * Abs(v(n3 - 1)) " nexp + v(n3 + 1) * Abs(v(n3 + 1)) ™ nexp))

hnew(n3) =0.5* (h(n3-1) + h(n3+ 1) + (v(n3-1)-v(n3+1))/c-ak*(v(n3-

1) * Abs(v(n3 - 1)) * nexp - v(n3 + 1) * Abs(v(n3 + 1)) ” nexp) / ¢)
Next n3
‘compute H and V at upstream end
'this boundary condition is for a constant head reservoir
hnew(1) = hzero
vnew(1) = v(2) + ¢ * (hnew(1) - h(2)) - ak * v(2) * Abs(v(2)) * nexp
‘compute H and V at downstream end
'this boundary condition is for linearly decresing velosity
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Select Case par
Case O:
vhew(nodes) = vzero * (1 - time / tclose)
hnew(nodes) = h(nparts) + (v(nparts) - vnew(nodes) - ak * v(nparts) *
Abs(v(nparts)) ~ nexp) / ¢
Case 1:
vhew(nodes) =0
hnew(nodes) = h(nparts) + (v(nparts) - vnew(nodes) - ak * v(nparts) *
Abs(v(nparts)) ~ nexp) / ¢
End Select
For n4 =1 To nodes
If hnew(n4) < hlow(n4) Then hlow(n4) = hnew(n4)
If hnew(n4) > hhigh(n4) Then hhigh(n4) = hnew(n4)
head(n4) = hnew(n4) - pipez(n4)
Next n4
If time < tmax Then
For n5 =1 To nodes
v(n5) = vnew(n5)
h(n5) = hnew(n5)
Next n5
End If
Form11.MSFlexGridl.TextMatrix(n2 + (n2 - 1) * nodes, 0) = time
For n7 =1 To nodes
Form11.MSFlexGridl.TextMatrix(n2 + (n2 - 1) * nodes + n7, 1) = Round(x(n7),
1)
Form11.MSFlexGridl.TextMatrix(n2 + (n2 - 1) * nodes + n7, 2) =
Round(head(n7), 1)
Form11.MSFlexGridl.TextMatrix(n2 + (n2 - 1) * nodes + n7, 3) = Round(h(n7),
1)
Form11.MSFlexGridl.TextMatrix(n2 + (n2 - 1) * nodes + n7, 4) = Round(v(n7),
2)
Next n7
200: Next n2
For n6 =1 To nodes
headmx(n6) = hhigh(n6) - pipez(n6)
headmn(n6) = hlow(n6) - pipez(n6)
Next n6
End Sub
T T
‘water hammer simulation in pipe (with pump at upstream)
Public Sub whp()
Dim pipez(500) As Double
Dim vnew(500), hnew(500), vfinal, hpump As Double
Dim time, area, dell, delel, c, wtt, nexp, ak, delhf, f, factor, ctrl As Double
Dim c1, c3, c4, chek As Double
Dim np, n1, n2, n3, n4, n5, n6, n7, par As Integer
If sies =0 Then
dpipe(ip) = dpipe(ip) / 12
factor = 194.81
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c=32.2/ws
Else
dpipe(ip) = dpipe(ip) / 1000
factor = 59.3263
€ =9.806/ws
End If
vzero = (4 * qpipe(ip)) / (pi * dpipe(ip) " 2)
area = pi * (dpipe(ip) *2) / 4
aprime = aprime * (area * 449) " 2
bprime = bprime * area * 449
cprime = cprime + hsump
hpump = (aprime * vzero ~ 2) + bprime * vzero + cprime
np = nparts + 1
witt = Ipipe(ip) / ws
dell = Ipipe(ip) / nparts
time=0
nexp =1
If dahi =1 Then nexp = 0.85
delt = dell / ws
index = Fix(tmax / delt) + 1
delel = (elevdn - elevup) / nparts
nodes = nparts + 1
If dahi =1 Then f = chwpipe(ip) Else If dahi = 0 Then f = fpipe(ip)
If dahi =0 Then
ak =f * delt/ (2 * dpipe(ip))
End If
If dahi =1 Then
ak = delt * factor / (2 * dpipe(ip) * (f * 1.852) * (dpipe(ip) ~ 0.166))
f = factor / ((f ~ 1.852) * (vzero " 0.148) * (dpipe(ip)  0.166))
End If

If sies =0 Then
delhf =f * dell * vzero ~ 2/ (64.4 * dpipe(ip))
Else

delhf =f * dell * vzero ™ 2/ (2 * 9.806 * dpipe(ip))
End If
For nl =1 To nodes
v(nl) = vzero
h(nl) = hzero - (n1 - 1) * delhf
hlow(nl) = h(n1)
hhigh(nl) = h(n1)
x(nl) = (nl1- 1) * dell
pipez(nl) = elevup + (nl - 1) * delel
head(nl) = h(nl) - pipez(nl)
Next nl
par=0
Forn2 =1 To index
time =1 *time + 1 * delt
If time > 1 * tclose Then par =1
‘compute H and V at inteior nodes



For n3 =2 To nparts
vnew(n3) =0.5* (v(n3-1) +v(n3+1)+c*(h(n3-1)-h(n3+1))-ak*(v(n3
- 1) * Abs(v(n3 - 1)) * nexp + v(n3 + 1) * Abs(v(n3 + 1)) " nexp))
hnew(n3) =0.5* (h(n3-1) + h(n3+1) + (v(n3-1)-v(n3+1))/c-ak* (v(n3-
1) * Abs(v(n3 - 1)) * nexp - v(n3 + 1) * Abs(v(n3 + 1)) ” nexp) / ¢)
Next n3
‘compute H and V at upstream end
'this boundary condition is for a constant head pump
cl=v(2)-c*h(2)-ak *v(2) * Abs(v(2))
c3 = (bprime - 1/c) / aprime
c4 = (cprime + c1/c) / aprime
chek=4*c4/c3"2
If chek <=0 Then vnew(1) = 0.5 * ¢3 * (-1 + Sqr(1 - chek)) Else If chek > 0 Then
vnew(1l) =0
hnew(1) = (vnew(1) -cl) / c
‘compute H and V at downstream end
'this boundary condition is for linearly decresing velosity
Select Case par
Case 0:
vnew(nodes) = vzero * (1 - time / tclose)
hnew(nodes) = h(nparts) + (v(nparts) - vnew(nodes) - ak * v(nparts) *
Abs(v(nparts)) ~ nexp) / ¢
Case 1:
vnew(nodes) =0
hnew(nodes) = h(nparts) + (v(nparts) - vnew(nodes) - ak * v(nparts) *
Abs(v(nparts)) ~ nexp) / ¢
End Select
For n4 =1 To nodes
If hnew(n4) < hlow(n4) Then hlow(n4) = hnew(n4)
If hnew(n4) > hhigh(n4) Then hhigh(n4) = hnew(n4)
head(n4) = hnew(n4) - pipez(n4)
Next n4
If time < tmax Then
For n5 =1 To nodes
v(n5) = vnew(n5)
h(n5) = hnew(n5)
Next n5
End If
Form11.MSFlexGrid1.TextMatrix(n2 + (n2 - 1) * nodes, 0) = time
For n7 =1 To nodes
Form11.MSFlexGridl.TextMatrix(n2 + (n2 - 1) * nodes + n7, 1) = Round(x(n7),
2)
Form11.MSFlexGridl.TextMatrix(n2 + (n2 - 1) * nodes + n7, 2) =
Round(head(n7), 2)
Form11.MSFlexGridl.TextMatrix(n2 + (n2 - 1) * nodes + n7, 3) = Round(h(n7),
2)
Form11.MSFlexGridl.TextMatrix(n2 + (n2 - 1) * nodes + n7, 4) = Round(v(n7),
2)
Next n7
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Next n2
For n6 =1 To nodes
headmx(n6) = hhigh(n6) - pipez(n6)
headmn(n6) = hlow(n6) - pipez(n6)
Next n6
End Sub
T T T
‘approximate water hammer in pipe with a node at upstream
Public Sub whn()
Dim pipez(500) As Double
Dim vnew(500), hnew(500) As Double
Dim time, dell, delel, c, wtt, nexp, ak, delhf, f, factor, ctrl As Double
Dim np, n1, n2, n3, n4, n5, n6, n7, par As Integer
If sies =0 Then
dpipe(ip) = dpipe(ip) / 12
factor = 194.81
c=32.2/ws
Else
dpipe(ip) = dpipe(ip) / 1000
factor = 59.3263
€ =9.806/ws
End If
vzero = (4 * qpipe(ip)) / (pi * dpipe(ip) " 2)
np = nparts + 1
witt = Ipipe(ip) / ws
dell = Ipipe(ip) / nparts
time=0
hzero =1 * hzn
nexp =1
If dahi =1 Then nexp = 0.85
delt = dell / ws
index = Fix(tmax / delt) + 1
delel = (elevdn - elevup) / nparts
nodes = nparts + 1
If dahi = 1 Then f = chwpipe(ip) Else If dahi = 0 Then f = fpipe(ip)
If dahi = 0 Then
ak =f > delt/ (2 * dpipe(ip))
End If
If dahi =1 Then
ak = delt * factor / (2 * dpipe(ip) * (f * 1.852) * (dpipe(ip) * 0.166))
f = factor / ((f ~ 1.852) * (vzero " 0.148) * (dpipe(ip)  0.166))
End If

If sies =0 Then
delhf = f * dell * vzero ~ 2 / (64.4 * dpipe(ip))
Else

delhf =f * dell * vzero 2/ (2 * 9.806 * dpipe(ip))
End If
Fornl =1 To nodes

v(nl) = vzero
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h(nl) = hzero - (nl - 1) * delhf
hlow(nl) = h(nl)

hhigh(nl) = h(n1)

x(nl) =(n1-1) *dell

pipez(nl) = elevup + (nl - 1) * delel
head(nl) = h(nl) - pipez(nl)

Next nl1
par =0
Forn2 =1 To index
If n2>1 Then
hzero =1 * h(2) + (1 * delhf * (v(1) / vzero) " 2)
End If

time =1 *time + 1 * delt
If time > 1 * tclose Then par = 1
‘compute H and V at inteior nodes
For n3 =2 To nparts
vnew(n3) =0.5* (v(n3-1)+v(n3+1)+c*(h(n3-1)-h(n3+1))-ak*(v(n3
- 1) * Abs(v(n3 - 1)) ~ nexp + v(n3 + 1) * Abs(v(n3 + 1)) * nexp))
hnew(n3) =0.5* (h(n3-1) + h(n3+1) + (v(n3-1)-v(n3+1))/c-ak* (v(n3-
1) * Abs(v(n3 - 1)) * nexp - v(n3 + 1) * Abs(v(n3 + 1)) * nexp) / )
Next n3
‘compute H and V at upstream end
'this boundary condition is for a node at upstream
hnew(1) = hzero
vhew(1) =v(2) + ¢ * (hnew(1) - h(2)) - ak * v(2) * Abs(v(2)) " nexp
‘compute H and V at downstream end
'this boundary condition is for linearly decresing velosity
Select Case par
Case O:
vhew(nodes) = vzero * (1 - time / tclose)
hnew(nodes) = h(nparts) + (v(nparts) - vnew(nodes) - ak * v(nparts) *
Abs(v(nparts))  nexp) / ¢
Case 1:
vhew(nodes) =0
hnew(nodes) = h(nparts) + (v(nparts) - vnew(nodes) - ak * v(nparts) *
Abs(v(nparts)) ~ nexp) / ¢
End Select
For n4 =1 To nodes
If hnew(n4) < hlow(n4) Then hlow(n4) = hnew(n4)
If hnew(n4) > hhigh(n4) Then hhigh(n4) = hnew(n4)
head(n4) = hnew(n4) - pipez(n4)
Next n4
If time < tmax Then
For n5 =1 To nodes
v(n5) = vnew(n5)
h(n5) = hnew(n5)
Next n5
End If
Form11.MSFlexGridl.TextMatrix(n2 + (n2 - 1) * nodes, 0) = time
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For n7 =1 To nodes
Form11.MSFlexGridl.TextMatrix(n2 + (n2 - 1) * nodes + n7, 1) = Round(x(n7),
2)
Form11.MSFlexGridl.TextMatrix(n2 + (n2 - 1) * nodes + n7, 2) =
Round(head(n7), 2)
Form11.MSFlexGridl.TextMatrix(n2 + (n2 - 1) * nodes + n7, 3) = Round(h(n7),

2)
Form11.MSFlexGridl.TextMatrix(n2 + (n2 - 1) * nodes + n7, 4) = Round(v(n7),
2)
Next n7
Next n2

For n6 =1 To nodes
headmx(n6) = hhigh(n6) - pipez(n6)
headmn(n6) = hlow(n6) - pipez(n6)
Next n6
End Sub
Public Sub solver()
Dim correct(400), correctr, mat2(402, 402), rr(400) As Double
Dimiii, jj, ss, bb, tt, r2 As Integer
Dim tiny, factor As Double
Dim ss2, tt2, 112, o, ob, op, oc, od, c1 As Integer
Dim rswp, swp(400), tmp, cb, cn As Double
R aen I P EEEE R R EE e initial condition
tiny = 0.000001
Forss2=1Toeqn
Fortt2=1Toeqgn
mat2(ss2, tt2) = mat(ss2, tt2)
Next tt2
Next ss2
Forll2=1Toegn
mat2(112, egn + 1) = r(112)
Next 112
For ss =1 To nopipe
mat2(ss, eqn + 2) = gpipe(ss)
Next ss
For bb =1 To noboost
mat2(bb, egn + 2) = gpump(bb)
Next bb
For tt =1 To nopres
mat2(tt, eqn + 2) = gpres(tt)
Next tt

* Start solving.
Forii=1Toegn-1
* Zero out all entries in column r after this row.
" See if this row has a non-zero entry in column r.
If Abs(mat2(ii, ii)) < tiny Then
"Not a non-zero value. Try to swap with a later row.
Forr2=ii+1Toeqn
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If Abs(mat2(r2, ii)) > tiny Then
" This row will work. Swap them.
Forcl=1Toegn+1
tmp = mat2(ii, c1)
mat2(ii, c1) = mat2(r2, c1)
mat2(r2, c1) = tmp
Next cl
Exit For
End If
Next r2
End If

" If this row has a non-zero entry in column r, skip this column.
If Abs(mat2(ii, ii)) > tiny Then
* Zero out this column in later rows.
Forr2=ii+1Toeqgn
factor = -mat2(r2, ii) / mat2(ii, ii)
Forcl=iiToeqgn+1
mat2(r2, c1) = mat2(r2, c1) + factor * mat2(ii, c1)
Next c1
Next r2
End If
Next ii

' See if we have a solution.
If mat2(eqgn, eqn) =0 Then
" We have no solution.
MsgBox "TOE1Ca PCE4 i4 4iOE"
Else
' Back solve.
Forjj=eqgn To 1 Step -1
tmp = mat2(jj, eqn + 1)
Forr2=jj+1Toeqn
tmp = tmp - mat2(jj, r2) * mat2(r2, eqn + 2)
Next r2
mat2(jj, eqn + 2) = tmp / mat2(jj, jj)
Next jj
End If

For o =1 To nopipe
gpipe(o) = mat2(o, egn + 2)
If gpipe(0) = 0 Then gpipe(0) = eps
Next o
For ob =1 To noboost
gpump(ob) = mat2(ob + nopipe, eqn + 2)
Next ob
For op =1 To nopres
gpres(op) = mat2(op + nopipe + noboost, eqn + 2)
Next op
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For oc = 1 To noboost

hboost(oc) = 1 * apump(oc) * ((gpump(oc)) ~ 2) + 1 * cpump(oc)
Next oc
For od = 1 To nopres

hpres(od) = 1 * apres(od) * ((gpres(od)) ~ 2) + 1 * cpres(od)
Next od

'swap head of pumps in new array for calculat hydraulic pressure in next step

Dim ax, ay, Ix, ly As Integer
Forax=1ToO

For ay =1 To nopipe

If pres(ax, ay) > 0 Then headpres(ay) = hpres(pres(ax, ay)) Else headpres(ay) =

Next ay
Next ax
For Ix =1 To noloop
For ly =1 To nopipe
If boostpump(lx, ly) > 0 Then headboost(ly) = hboost(boostpump(lIx, ly)) Else
headboost(ly) =0
Next ly
Next Ix
End Sub
T T T T

'save informations on file
Public Sub saveinfo()
Dim w, p, wa, pa, wb, pb, wc, pc, wd, pd, we, pe, wf, pf, wg, pg As Integer
Open fname For Output As 1#
If sies =1 Then
Write #1, "system”, "si", sies
Else
Write #1, "system", "es", sies
End If
If dahi =1 Then
Write #1, "methode ", "Hazen williams", dahi
Else
Write #1, "methode ", " Darcy weisbach", dahi
End If
L = B "
Write #1, "number of nodes ", nonode
Write #1, "number of continuety equations ", nonodef3
Write #1, "number of pipes ", nopipe
Write #1, " number of booster pumpes", noboost
Write #1, " number of reservoirs”, nores
Write #1, " number of pumps", nopres
Write #1, " number of loops", noloop
Write #1, " number of virtual loops", nosloop
WIILE 1, Mmmmmm e e oo e "
Write #1,
Write #1, "node informations”

&



Write #1,

For w =1 To nonode
Write #1, "node no. ", w
Write #1, "joints"

For p =1 To nopipe
Write #1, gnode(w, p)
Next p

Write #1, "'---mmmmm e S

Next w
Write #1,
For wa =1 To nonode
Write #1, "demand of node", wa, demand(wa)
Write #1, "hight of node", wa, hight(wa)
Write #1,
Next wa
WIIEE #1, Mmoo e e "
Write #1,
Write #1, "pipes informations”
Write #1,
For pa =1 To nopipe
Write #1, " pipe no.", pa
Write #1, " pipe lenght”, Ipipe(pa)
Write #1, " pipe diameter"”, dpipe(pa)
Write #1, "minor loss coeficient ", kl(pa)
If dahi =1 Then
Write #1, "CHW", chwpipe(pa)
Else
Write #1, "e/D", ed(pa)
End If
Write #1,
Next pa
WIILE #1, M ommmmm e m e e e e e e "
Write #1,
Write #1, "loops informations”
Write #1,
Forwb =1 To noloop
Write #1, "loop no. ", wb
Write #1, "number of pipes in this loop", pipesloop(wb)
Write #1, "loops™
For pb =1 To nopipe
If loops(wb, pb) ="" Then
Write #1, "0"
Else
Write #1, loops(wb, pb)
End If
Next pb
Write #1,
Next wb
WIILE #1, M ommmmm e oo oo oo "




Write #1,
Write #1, "booster pumps informations”
Write #1,
For wc = 1 To noloop
Write #1, "loop no. ", wc
Write #1, "number of booster pumpes in this loop™
For pc =1 To nopipe
If boostpump(wc, pc) ="" Then
Write #1, 0"
Else
Write #1, boostpump(wc, pc)
End If
Next pc
Write #1,
Next wc

Write #1, M- e e m e e e e
Write #1,
Write #1, "coeficients of booster pumps equation”
Write #1,
For wd = 1 To noboost

Write #1, "booster pump no.", wd

Write #1, "A", apump(wd)

Write #1, "B", bpump(wd)

Write #1, "C", cpump(wd)

Write #1,
Next wd

LYY (=T 21 e —

If IsNumeric(nosloop) = True And 1 * nosloop > 0 Then
Write #1,
Write #1, "virtual loops informations”
Write #1,
For we = 1 To nosloop
Write #1, "virtual loop no."”, we
Write #1, "number of pipes in this virtual loop"
For pe =1 To nopipe
If resloop(we, pe) =" Then
Write #1, "0"
Else
Write #1, resloop(we, pe)
End If
Next pe
Write #1,
Next we

Write #1, "-----m-mmmmmmmm oo memmoeee-
Write #1,
Write #1, "pumps informations”
Write #1,
For wf =1 To nosloop
Write #1, "virtual loop no.", wf
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Write #1, "number of pumps in this virtual loop"
For pf =1 To nopipe
If pres(wf, pf) =" Then
Write #1, "0"
Else
Write #1, pres(wf, pf)
End If
Next pf
Write #1,
Next wf
WIILE #1, M ommmmmmm oo oo "
Write #1,
For pd =1 To nosloop
Write #1, "number of nosloop”, pd
Write #1, "hight difference between first and last node of virtual loop”,
deltah(pd)
Write #1,
Next pd
Write #1, "----m-mmmmm e e T EE "
Write #1,
Write #1, "coeficients of pumps equation”
For wg =1 To nopres
Write #1, "pump no.", wg
Write #1, "A", apres(wQ)
Write #1, "B", bpres(wg)
Write #1, "C", cpres(wg)
Write #1,
Next wg
End If
Close #1
End Sub
T

'Read information from file
Public Sub opninfo()

Dim w, p, wa, pa, wb, pb, wc, pc, wd, pd, we, pe, wf, pf, wg, pg, cycle, cycle2 As
Integer

Dim strg As String

Open fname For Input As 1#

Input #1, strg, strg, sies

Input #1, strg, strg, dahi

Input #1, strg

Input #1, strg, nonode

Input #1, strg, nonodef3

Input #1, strg, nopipe

Input #1, strg, noboost

Input #1, strg, nores

Input #1, strg, nopres

Input #1, strg, noloop
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Input #1, strg, nosloop

Input #1, strg

Input #1, strg

Input #1, strg

Input #1, strg

For w =1 To nonode
Input #1, strg, strg
Input #1, strg
For p =1 To nopipe

Input #1, gnode(w, p)

Next p
Input #1, strg

Next w

Input #1, strg

For wa =1 To nonode
Input #1, strg, strg, demand(wa)
Input #1, strg, strg, hight(wa)
Input #1, strg

Next wa

Input #1, strg

Input #1, strg

Input #1, strg

Input #1, strg

For pa =1 To nopipe
Input #1, strg, strg
Input #1, strg, Ipipe(pa)
Input #1, strg, dpipe(pa)
Input #1, strg, kl(pa)

If dahi =1 Then
Input #1, strg, chwpipe(pa)
Else
Input #1, strg, ed(pa)
End If
Input #1, strg
Next pa

Input #1, strg

Input #1, strg

Input #1, strg

Input #1, strg

For wb =1 To noloop
Input #1, strg, strg
Input #1, strg, pipesloop(wb)
Input #1, strg
For pb =1 To nopipe

Input #1, loops(wb, pb)

Next pb
Input #1, strg

Next wb

Input #1, strg



Input #1, strg
Input #1, strg
Input #1, strg
For wc = 1 To noloop
Input #1, strg, strg
Input #1, strg
For pc =1 To nopipe
Input #1, boostpump(wc, pc)
Next pc
Input #1, strg
Next wc
Input #1, strg
Input #1, strg
Input #1, strg
Input #1, strg
For wd = 1 To noboost
Input #1, strg, strg
Input #1, strg, apump(wd)
Input #1, strg, bpump(wd)
Input #1, strg, cpump(wd)
Input #1, strg
Next wd
Input #1, strg
If IsNumeric(nosloop) = True And 1 * nosloop >0 Then
Input #1, strg
Input #1, strg
Input #1, strg
For we = 1 To nosloop
Input #1, strg, strg
Input #1, strg
For pe =1 To nopipe
Input #1, resloop(we, pe)
Next pe
Input #1, strg
Next we
Input #1, strg
Input #1, strg
Input #1, strg
Input #1, strg
For wf =1 To nosloop
Input #1, strg, strg
Input #1, strg
For pf =1 To nopipe
Input #1, pres(wf, pf)
Next pf
Input #1, strg
Next wf
Input #1, strg
Input #1, strg

AN



For pd =1 To nosloop
Input #1, strg, strg
Input #1, strg, deltah(pd)
Input #1, strg
Next pd
Input #1, strg
Input #1, strg
Input #1, strg
For wg =1 To nopres
Input #1, strg, strg
Input #1, strg, apres(wg)
Input #1, strg, bpres(wg)
Input #1, strg, cpres(wg)
Input #1, strg
Next wg
End If
Close #1
For cycle =1 To 400
For cycle2 =1 To 400
mat(cycle, cycle2) =0
Next cycle2
gpipe(cycle) =1
gpump(cycle) =1
gpres(cycle) =1
Next cycle
js=1
sj=1
statp(1) =0
hydp(1) =0
eqn = (nopipe * 1) + (1 * noboost) + (1 * nopres)
If nosloop = 0 Then Form6.Show Else Form10.Show
If nores = 0 Then nonodef3 = nonode - 1 Else If nores > 0 Then nonodef3 = nonode
deltag = 0.1
End Sub
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Abstract

Our purpose in this project, is writing a computer program for analysis of flow in pipe
networks in steady and transient states.

For this purpose we use the linear theory method for analysis of steady state flow in
pipes of network, because in this method we don’t need the first guess for solving then
problem. And on the other hand, the result obtains sooner in this method.

Finally in Transient flow, we analysis WaterHammer in pipes of network approximately

by characteristics method and calculate pressure and velocity in pipes.
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