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Appendix M — Fortran code for BSOLVER and NLFIT subroutines
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€

wed AF

e

_

e [t Fomat Yew (b

E nd of chack for lumping a}
wnd AT
Deliberate gip
3
3
€
c
:mr chasber (pocket code node - no 2 variation or orifice throttie
L Af((airchast 1ag(i), eq.1). or. (diapocke 1ag(1). eq. 1) )then
: main cp and cm ulwlariun
mﬂ-(t!: sh(d-1,1)*(B01-1)-r(1-1)*
s N :I;);q“ bl ¥-rg
& 10, 0de b Jghrdirduti-1.1) | vi
. um TRA Cna S o
- i -
s @ "oes-hin--z 009)~de)/g)*dErd(i, ) 1 visco
E.m wewton Raphson fteration for air chasber/pocket head calculation
€ choose cafr appranfaation : efther derfvative oe fntegral
' H
Tvat e, False. =
integral-. true
E set integral approximation weighting factor
I inegralweight=1. 0o
Em:l Irtegral forsulation
i {wyl i) than e

_

e [t Fomat Yew (b

e nl
i ‘n?ialglﬁ)wuu

E eve-10. B0
t ef (1

R O 1 -
e w0 ws )
e W= (W3t ((B(T)eb(1-1))/2. 0000}/ (1. OdO"dr* integralmeight )

= A)ab(d- 2. 0do)* ((inftialvel (i
.“ﬁdaéb(;!&()t.él))}w)((ﬂtlm()f

M & ~gbacki (-1, 2)3)), integralweight

8L+ (2, 000t )+ ((B1- (2. D0 HVI ) = *2. Ol
c & ?:(W:lls Wrm'tl 1)**0, 5)/4, 000
( vpdate initial voluse at beginning of timestep ready for next istep

1M'utwm)-¢um
1 see update below - for wylie only
B wrd iF 1 end of wylie caleulation
E DERIVATIVE APPROXIMATION TO Qair - Pot staggered
e if(der fvative)then
€ Set fnictal head vaTue prior to frerarion process
e ®=hback1(i-1,2) '0.080
© calculate non-iterative comtants
< =
Af(istep. ge. Z)then
. a é;s‘w ?g;t(:)‘b(‘-l)!(l:w‘ﬂt))'"M Ietarmyre

L s : 1= (UE'-l)!b(l!)G|ﬂ)f(?»@'ﬂ))'m(l)‘((W(l)tm-)“
\ st IOW mw ket (- l%};ﬂl‘lﬂ“( -1. 0d0/nair))
: Emk (ﬁ .00, ’.q
t nﬁﬁ lf al
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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

e [t Fomat Yew (b
' wnd 1F fal
' and if
wnd if
{3
v lfuu-p
£ o J-: *B{i-13/(2. odamdry ) { (Mol i rnara) ="
E “G’?ﬁm (-1, 2)+nata) "= (-1.0d0/nair))
© Wewton Raphson frerations

€
€ set iterate logical
€
TTerate-. trie.
count=1

do while (iterate) ! use convergence tolerance to limit fterations

<
Al ir_sign i v (el of chasber u il ir i

ST e TR B e P T A SRR
: code below

fain-x* (b1 wt‘ 1) tpil)'&(ﬂ-uﬂ)'b(t-l)-ﬂ'

. t oo
" » R (lpi! ‘mﬂ g;:.gau)-:!'(tmmn)"t-!-m!
(:;ﬂoh f-2))eca fnair=
& [{¢ u‘r) 1., 0u0))

' " £+ (rriatin) == (1. 00/ male }+1. 000 1)
I der ivige-xo,/dfxo

KXo der {vX
] AFC(x. 1. 00 and. (step. eq. 2518))then
] pause
' end if
i count—count+1 -
W #ffabs (der fvx). 1.1, 0-12)then

(U’l\'l‘» a 5(

E:hxi rusber of {terations has nor excesed 100

if gt e

Eun&'?s)w:‘}: chasber {terations > 500°
stop e

e [t Fomat Yew (b

o =]
: End of Newton Raphson {terations
i wnd da
: e if 1 end of check for derivative approach
:'ne wewton Raphson fteration for air chasber head calewlation
: INTEERAL APPROXTMATION TO Qair - not staggered
i 1F{integralithen
© set initial head and volume valuss prior to freration process
: Eehbackl(i-1,2)

1""“1”‘!')'.:?,2)‘110

: Caleulate non-iterative comtants
F cl=(adidenara)s (voli )= nair)
: Reversi an i from Jv (Qair out hasber +ve) to S comention r in
€ to cl +ve) leads to the sase I‘ﬂlﬂl |l| the derivations and the resu ‘"‘
€ code below

T (. s imepeatuetgiay/

= gb(! D P'(lﬁ( )'I(i)lﬂ( 'D(‘-
& (‘ )= M(‘- 8

3
: : éa—m :ﬂlm R alwetatic)/ &1
P SRR -ucq.;ﬂnw.\m.
i & Mi?(‘-l) qback? 1-1,:)))
© wewton maphson iterations
: set {terate logical
‘ e}

e [t Fomat Yew (b
B fal

iterave-. true.
count=1

e
do while (iterate) | use comvergence tolerance te lialt fteration

e

€ calewlate variable €3

€

& (htl)-h(i-:])‘;‘c?“niw (CIRREIRES Vi T

c
: If €3 megative then set To zero 20/2/0% ! only wse if <mall vol is an actual probles
1 (1. Tx. 0. 0d0)then
(H ado)
end if
o= (xeHatm) = (C3**nair)-c1

i) mn-)iloﬁw';g‘l))'(nw-ﬂ?‘

& 4
deriv-—fxo/dfxs
et dor v
count ~count +1
11 (abis (dar {1x). 18,2, 0d-32)then
l"ll“y alse.
©
€ Check rnusber of fterations has not exceeded 100
(3

T (count. So00)then
ﬂ'll’w') "afr chasber frerations » 50007

end 1f
t tnd of Mewton maphson {rerations
i end do
update initial voluse at beginning of tisestep ready for nest istep
It ialvel (1)=((e1/ (xematm))** (1. 0A0/nair))
end {f | end of check for integral approach

wnn o AAA




Appendix M — Fortran code for BSOLVER and NLFIT subroutines

-I
,)‘3 1, 41,
g‘ )ethp (?{1; Etaaeey
i - 1+ +
& i ialvel (1) ‘kﬂ‘?‘wl“’ (lﬂ.v‘ﬂ'l“rﬂ (qp(i,1)-qp(i-1,2))
H backa (13 AbackI(121, 2700 e
ent 1f

e e S it W

AAAARA A

deliberate gap

72
check for lusping
A lumpbr anch)then
: Afr chasber with lumped inertia/loss - no 2 variation
. i (air] frkflag(i). eq. 1) then
E Maln ep and em caleulation

ahdash( - 41,13 (b(i- i-1ye
%() Mi(};xgom 1,1)*(b(f-1)-r{i-1)

mi 1115w odoyeery sayraerdri-1,1) 1 vises
?‘“mczbs Saiangl: B30 uCis eLiye
rarzii)*y: -

- bad (at1y+2, S0} d) /) GRr L (1,2) 1 ¥isco e
00 wewton kaphson iteration for air chasber with lusped inertia/loss calculation
use gair integral approximation cnly
set integral approximation weighting factor

e mee

e [t Fomat Yew (e

{rEagralwedghtair ) {nk-1. 060 nl

Do Wewton Raphson fteratfon for afr chasber with Tusped inercia/Moss calevlarion

INTEGRAL APPROXIMATION TO Qafr - not staggered

set inftial head(s) and volume values prior to fteration process

Xes). OO
3
1M“a'|vn?ﬁmgﬂl((\i“c =voatr1ink(i)
»u! “ﬂ‘mu)mu-x.a
::I‘:!\“l mu-iw-aviw CONGTANES
: ca=(uoair Vink (1 penarm)® (voair 1ink (1= *nair 1ink)
: caleulate comstant variable groups which don't need to be {terated
o Af{istep. go. 2)then
€ comtant 1
. 2,005 engthair 1R C1 D qatr 1 KBAERLC1)/
i - ta-utmim(l)
€ Constant K2
i i
2 B tqairiinkbackl (i}

© constant k1
B K3 CepC1 bET Jeomt)TBE1-10)/ CbC11obEi 12 =
£ Constant k4
: =n24 (001 DB 01-10/ (BB 1-100)
€ Constant K5
k K5= (1. 0do-rtagralmeig dreqaield 4 =

K5-(1. 0d0 gral LT sl
£ constant K6

£ i integralenightairlink=de= (o) o

£ rd of corstant vartable group caleulations

< end if

: Wewton Raphson fterations

E set iterate logical

TLeraten trie.
count=4

3
do while (iverate) ! use comvergence tolerance to Himit frerations
©
© calculate variable &7
©
Tink(i ar oh
& S
3
o= Coeaiatm) * (K7 **nadr ink) €3
o (7 meaie VinkYsnale Virk Integeatwniy Viekindenun
& {xeharm)= (7= {ratr | irk-1, 0c0))
e
der fv=—Txo/dFxo
e
e
COUnt=count+1
€

abs (der {vx). 0. 1. 0d-12) then
terate=. false.
end 1f

€
© check nusber of {terations has not exceeded 100
3

A {count. gr. 100) then .
Wit 3 AT chamber frerations = 100 =
ond 1f“
£ tnd of Newton waghsan 1terations
i end do
E update dnitlal volume at begimning of tisestep ready for next step i
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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

e [t Fomat Yew (b

imirialvaladr 1ink(i)=((Ca/ Covarm) )= (1, 00 /mair 11rk))

bpale ik
§ ;::2-;:"“"(1)9:

| SHohaa AR

: Update stored airlink flow and head history here (not below)

hatrlinkback1(i)=hpairlink(i
gairlinkbacki (i ;-mlir'lhiiig

end 1f
E_:nu of check for Tuaping
ond if

3

deliborate qup

Branch boundary condition for aceumilator only - no Tusping
€ check for no Tusping

1# {nolumpbr anchythen
MICK FOR VERTICAL OR HORLIZONTAL SRAMCH

WRRAAAR
n

hflag(i),. il i}
i Og{it‘ﬁm!l 2(0 “ 1). and. (branchendleak(1). pq.1). and.

3
e Main ep caleslation for last sub-segesmt in side branch

wvertical sranch Downstreas soundary condition - fe. vertical branch with end leak present

n'whh

Nin < caleul 1" faf last sub-segmert in branch

P T § o Torger u(!arlliﬂall-oln pe dx branch - fe.
: u-m: na - u.\. ‘w—sn-mt the side branch {vertical anly}
€

hii, Vimitbi1y=hbackibranchii, 1inith,
e . ekl ‘Iﬂe‘hﬂ:h 4 H‘ilb )=

Alternate calculacion for end of branch Teak flow
m:mlm(!)m!uw gu i,

4 (hasdcoreactiont) Togeror Gt b1 1339

L Ll

4
H (br ":‘ﬁ Timith, (e
'
: H i El 1imn 1
€ Assiume F{,lll“ head (1: ﬂar ou: d end valve while valve is
€ STl closing down) =
bb- c\uhcrf 1 ' 2. 0*g))*bbr: A Hwith]
m?{)‘ :.(” )y bbranch(; th)
;s & {nﬂ errection(i)s lengthbranchrotal (1))
:_ 0o determinant check to confirm whether head 15 positive or negative
I3 detquad=((bb**2,0)-(4. 0*aa"cc))
i ¥ {derguad. ge. 0. Dithan
‘ e R L SR
if {rootheada, r
fptiranch(i, -(tb :).(rw--i
= 1 anchtotal (1)) (headeerrection(ile
e end 1f
if((rootheada. Tt.0). and. heads. ge. 0))then
" Ioﬂ‘gmll(hliallb‘:-igztl‘m rm"?.ﬂ)?‘ ’::acucmi
H Shchtoestin
end if
©
gpbranch(i, 1imith, 2)=(cpbranch(i, 1 imithe1)-
1
& SEancsed mriny

e [t Fomat Yew (b

¢ ond 1f
€
€ 7
: update stored head and flow and histary for branch(s) here
. do J=1, Hmith
[hackzbranchi, | Litbackibranchit, 1. 13
hbackbr anc Z)=hbackibeanchdi, §. 2

o a——
SR DR

Sacbeanhél: ) B-gecinchil 8
end do

atdve h-au«lc latfon
dfscharge Cintake) or

i (durquad.

leak induction occurring) through
w == an and bb +ve

0.0)then
2} yesarive head at end of vert., branch = nozzle”

mﬁ‘mch(! |(l|lb'?)
end if
End of negative head at side discharge orifice calculation
end if
End of vertical eranch cownstream soundary Condition

WRRAAAR

f(Cbranchflag(i).0q. 1), and. (branchendleak(1). eq. 1), ard.
& om-nx,,ﬂd“ . -

3
e Main ep caleslation for last sub-segesmt in side branch

for leak frducticn at generator ar this stage

Horizomal mranch oownstreas sourdary condition - e, horizomal branch with end leak present
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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

M

e [t Fomat Yew (b

mai lculation for 1 ub-segment in side Branch
: m: E’“‘.: iulim : n:.ia;“r‘u( tar ::hagll min g{pf de_branch - de. E
€ thece are m tiple sub-segeents in the side branch (vertical only)
b §, 1 imitbine yehbackibr anchbi(f, 1imitber,
i epbranchbn i) e anchibing fxho 1+ (1,3 mtetn, 13-
& anchm(s, 1 )
i a1
r ParsiranchbnT. 1 talcbins
& | 1, 1imitbe. 1)=-
& ((:.oog;smnmg‘m thes
& 2 um)ﬁ)- rdtbH i, Vimithe, 13"
B & Parvibi (i, 1imiths)
€ Aszume positive head (fe.flow cut of end valve shile valve iz
€ still closing down) =» aa and bb -ve
3
~1.0
%p’;mn "(mg’.g' “bbranchbs(i, 1mithi)
EE. {headcorrect {on 1 Jscorrect jonbranchtotal (13)
:ne determinant chack to confirm whathar head 15 pesivive or negative
o detguad={(bb**2. 0)-{4. 0*aa"cc)}
L if {detguad. ge. 0. ) then
i atian{ b e =2, 0)-(4. 0" aa"
E :mm{-h—w:ig-:o}—i:o-:—::g;}ﬁae—
Irtrmr.o}mm
tpbranchbin(i, 1imitbe, 2)=(rootheads= 2. i)+
& shadmullm(ilo
& correct {onbranchtotal (i)
. end if
if{{rootheada. 1t 0). and. heads. ge. 63 )then
by eeTBnCY b o sorhendat1ae
& {headcorrection(i)s
& correctionbranchtotal (12)
end 1f
< =
mpbranchbs (i, 1imiTit, 2)=( (1, Timithaed) -
[ g Dl Rc::rux!)u[l Timithw, 2337
& anchbi(i, | fmiten)
E Altarnate caleulation for end of branch laak Flow
e}

apacesndleak({}-cveborf (1 -w:cz,na?-r
ipumn mith, 7
(Mﬂ'l‘m(ﬂl)ilﬂim“mﬂal(‘

5
ond if
el

update stored head and flow and history for branch(s) here
do =1, Timithe
Roackatr ancnagt: | 3 Pbscibr anchbi 113
Reckiuranchoet 1 1 23 b ancnentt 1123
Rt s e
Shackibrancninl: | rgpbraray
wnd de

ative head calculation (i Teak induction occurring) theough
side discharge (intake) orifice = aa and bb sve

if(detquad. Tr. 0. 0)then

ln'lll('.‘)'ﬂi?lllvl- head at end of horizomtal branch'
stop | ot allowing for Teak induction ab generator at this stage

NOT WOREYING ABOUT MEGATIVE HEAD NCAR EMD OF BUBEA BRANCH
end 1f
E trd of negative head at side discharge orifice caloulation
e if
#nd of Worizontal Branch Downstreas Boendary Condition

AeA==A mAAREA W

e [t Fomat Yew (b

E NEW BRANCH BOUNDARY COMDITION - AIR POCKET AT TOP
€ Branch Bourdary = with end air pocket present
if{(branchflagii). eq. 1), and. (branchendair (1).eq.1))then

calculation for last sub-segment in side branch

e fol Towd s ma 1 set for a single main g‘ﬂ dx_branch - fe,

@ multiple segments in the side branch (vertical only)
cpbranch(i, Vimithe1)=hbackibranch(i, Timith, 1)+

H et TR R A 1 ey
b (abackibraneh(l 11nfth 1)))1-

1] & Parz .u:h!i.\i thy*

} wsumbranch

g
Ba

€
€ Main
€ hote -
€

3

00 wewton Raphson iteration for air chasbher/pocker head calculation
choose gair approximation for branch : either derivative or incegral

derivarivebranch-. o
integralbeanche, fa

set integral approaimation weighting factor
TAtagraTwedghtbeanchel. 0do

DERIVATIVE AFFROXIMATION TO Qair - not staggered
if {der lvat ivebeanch) then
set inftial head value prior to fteration process
whbranch=hbackibranch{i, 1{with, 2
©
:t‘.ﬂuh’u ron-iterative constants
Af{istep. ge. 2)then
. t!ﬂ‘&zlvﬂlgrﬂlfﬂ‘ﬂl"mﬂw!ﬂm{a)‘ (=
€2branch-{ (hbackibranch( 1, 11mith, 2)+Hatabea
& isar R baa matrhe anch)

e
€ wewton maphson fterations !

ARA AARRA AN
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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

et fterate logical

fteratebranche. tris.
counthr anct-1

do while (iteratebranch) ! comverge tolerance to 1iaft fterations
meversing Qair sign from v (Dair out of chasber +ve) to SW comention (gair in
0 chasber +ve) Teads to the same result in the derivations and the resulting
code below
Frobe anchexbie anch-cpheanchii, 1{sithed) -clbranch®

& (b anchs Hatmbr anch) ==

- {-1. 0d0/nairbranch)) -c2branch)
bt el

(-%ﬂm!mmﬁ-l.ml

der ivxbranche-f xobr xcibr anch
b -anchider {vxbranch

‘countbranch-courtbranchdl

AF fabs {der v, h,? .1, 0d-12}then
“(rﬁwwm. a

check masber of iterations has not exceeded 100

il(cmmlrmh.g.mg}m
write(*.*) "End of branch air pocket iterations » 100°

end I|'“mP
wnd of Newton Raghson fterations
end do
end if ! end of check for derivative approach

o wewion kaphson iteration for air chasber head calculation
INTEGRAL APPROXIMATION TO Qair - not staggered
A8 {irtege albranch)t hen

LLLET

set inirial head and voluse values prior to {teration process
wor anch-hbacklbranchii, 11aith,2)
2ythen
yevobranch(i)
Calculate non-iterative commtants
C1branche{lobr. i J4matmbr anch)* anch(i)**

& ltlilf;m)" o ay
meversing Qair sign from sv (Gair out of chasber +ve) to SW convention ir in
to chasber sve) leads to the same result in the derivarions and the resulting
code below

Af{iztep. ge. Zithen
:w&ﬁm’:mwlbrm:m{u-(m-mw—alm?nbrnm

& vepbranchti, Vimithel)/bbranch(i imith))-

& (v oo mefut-t?-arnhﬁ'

& gbackibranchii, Timith, £33

wnd Af

tewton Raphson teratfom

set fterate logical
ftaratebranch=. trie.
countbranch-1

do while (iteratebranch) ! comverge tolerance to liait frerations
calowlate varfable 3
€3branchedesi -alwed ghtbr anch=ibe ancl
& wm.llm&‘)'cmmn T
{xbranc
& cibranch
mwh—«nrmu\“mlrbrm-mirh—wh'd"
Antegralweighthr., imith)*
Ewmmxnrm-)- Foranch’
nairbeanch-1.0d0))

Eisrat perpm—s

‘courtbr anchecourt br anche

branch) -

e [t Fomat Yew (b

f 0
:nigi'e:;w-'-m £.1,04-12)than

Check rusber of fterations has not exceeded 100

"(:mwmh.at.mg}m
write(*.*) “End of branch air pocket fterations » 1007

e If’
nd of Newton Raphson terations
end do
update initial volume at beginning of timestep ready for next istep

initialvalbranchi)=((C1branch/ (xbranchsHatmbr yu-
'Y 1. Do/ nair branch)

end if | end of check for integral approach

-anchi{, 1{mith, 2)=xbranch
s a1 b, T Cerbr e, Mwdebia)-
Wh’l Timith, 7))/
anch(f, 1fmitb)

e

T2
Update stored head and flow and history for branch(s) with air pocket here
do fu1, imith

Thacbranchét: | Bbanabranentt ] B

et HE ek et

Sackgbranndl Bebairanny

Spackibranchet: 1 Bogebranchet 43
ond do

579



Appendix M — Fortran code for BSOLVER and NLFIT subroutines

m

e [t Fomat Yew (b
€

and i 1=
ind of Branch Downstreas Boundary Condition - fe. air pocket boundary
End of check for no Tusping
end if
€
e e T 72
€ [KD CF MAIN LDOP ALOMG PIPE AKD BEANCHES
end do
.................................................................... 72
BOUNBARY CONDETIONS.
oWSTreas Boundary Condition
&nd valve (orifice) closure pesition imcerpelatar
do feved, nevbrdt {mes
31!({1 e, bt u{{ 13). and,
- (. T, vt ing m;) than
& Evindor E::m( E:«(iw}*u(}w -
& .?‘sﬂmﬂ i-«mginu-wn))
. end
€ Linear tiseline fnterpolatfon
Af(istep. eq. 2)then
hdach hes, aches,
dashine eaches: 13-ator eachez: 1
©
RS . ge, 3 u-n
Peashins ead ohirreaches. ;m{n’u:h’ﬂ'
- w::h(-rmhni a :u:nu.= :(wmhﬁr L
E Mafn cp caleslation
Pl 1 eaches, 1 1y =

I nﬁ'lf-mnﬂ 5,1 hinraachas,13%
= epine “"'?,,‘:? o Ju:ul; wac Tal
& he:
¥ &7 Z a%mum?m:--t a0 =dr)/5)"
e & waches, 1) 1
€ Assume rﬁ Trive head (1- l'lar M ﬂ erd valve while valve is
: still closing down) ==
mf' eaches]
"(m1 ey (snruz g} *bine 3
nc:gg?r hesi1)-headearrection(nreachess1)-
a hreservairend
else
P ection{nr 1)
end 1F
E 0o determinant check to confirm whether head is positive or negative
I3 detquad=((bb**2,0)-(4. 0*aa"cc))
F ¥ {derguad. ge. 0. Dithan
e adA- -W bb*e2, 0)- (4. 0%aa" 2.0%,
:” W“W‘Lﬂ— ,0‘“‘::;;}‘;{?.0‘

R e

& +hd¢mullm(ﬂrm 1)
& +hres
e end if
i ((rootheada. 1 heads. ge. 0))then
N)(llsncm 2)= (rm&m'!‘;? 98003
& Madcnﬂmlm(nr«thwl)
& +hreser
end i
©
¢ else
i .
(r?umum ge, 0t P
L] Mmrm!mnru: 1
ond 1 el
3
Af {{roatheada. 1t 0)-and. 4 {roathuadn. ge.0))then
bplnreaches, 2)= 2
" e i b

m

e [ Fomat Yew (b
[}

wea 4 “TeST TR o i al

wnd A1
otnrmhn: :);ﬁm-smmn -bp(rreaches, 7))

end if

ative head calculation (fe. l"lﬂl! ‘ﬂl‘l‘ into end valve while
valve fs still closing down) =

ﬂ(ﬂﬂmﬂd Tr.0.0)then

LELLLLIN

é'nn sqrr(2. 00g))*binreaches)

1 andf 1 1y
- -
& 5 hreserveirend s 5

% ::.‘Wrmm;,mm.mm,mu

wnd if
o w'sgs:as samaEE s

uwl.’ L.“

Ll
s
§
5_
i

end if

if{{roat! It and. (1 heads. ge. 0))then
¢ Mtnrmmﬂ;]--tru:::‘nm"?'z o

eachess
olnnrwl

[Ty
;5.
3

end if
else

Af {rootheada, ge.
gﬂ heada®*2. 0)

0}
)= (roat
& Iuaocu—rmim wachess1)
end 1f i

"(Wh.ul l\' 0}, and. (reotheadn. ge. 03 )then =1

ez, Zhm s
& u-.-uc J«El”‘ﬂml&u
wond if w
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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

m

e [t Fomat Yew (b

B end 1f ol
nd AF
€
I Fal 3 n
. * s M«eﬁ&u! et
end it

£ nd of negative head at end valve calculation
€ End of Downstreas Boundary Condition

‘..

5 upstreas Boundary condition

:' Linear timeline interpolation
i Af{istep. eq. 20

e
'-"45,5.,3'5" R msaane

4,3 h(2, 1)+ (hreservair -hdash(2, 13-r (13"
e )'ﬁ“'?f‘ ;?i(( e (2,1)-r (1)
I b oy gpdirae e, ) 1 visca
i 1,
| B0 BB hrr
:mmmlkmmmlmmmmmmnv

do 1=1, rreaches
LR
do =1,

R

3
c Store two Flows back for fast unsteady calculation ard interpolaticn schese
€

do 1«1, rreaches !

B

e [t Fomat Jew (b
do 11, reaches ey

3
€ Update flow and head two steps back using previous one step back flow and head

S

201, 2y-hbacki(i

(3
€ Then update flow and head coe step back using current Flow and head

1.1 1.1

ﬁimigg IE
1.1,
=hplis

© Also update the full Flow and head histories 1f Zielke wnsteady friction
g i3 going 1o be used
L 1 ({ustrictlag. eq.1). and, (rl-lmiag.u.l):nhm

gfulthtstory(s, I'"’ ., 1)=0p

g:“u “ﬂ'!' :! dv
! Nhal IR staryCi, {step. 2
P wrd A
£ Also update the full flow and head histories If visco-elasticity 45 gol
: to be used i ¥ ¥,
i Af (viscof lag. eq. 1)then

frat i storyty: 1at
Munnmz"y (K mg':

end if

gEunintstocy(l. fatep. Lot
-«n

end do
1F {(x. Te. Jub). and. (x.ge. jua)) then

©
©

«

3 (r‘ proial wim out for ﬁut nwt up branch Tine
€ only secs oucpur 1 branch or coincide

€

e

<

€

do {=1,nreachess1
I beanch and generator at resporse node 1

e [t Fomat Yew (b

: AF(Cbranch¥1agei), ag. 1), and. (1. eq. rspnocal)dehen a}
© Check shether vertical o horizontal
e 1 (horznf Tag(i). eq. O)then
H i & sub-segeents
IF(1mith, eq. 6)then
a gy O engehbe sreit i3>, headcorrtion(1)
Eira siibi-segetnts
i e 25-"?’1‘ 3,1)-1 hid, 1)
B (R
1 end 1t
: it 1 sub-segment
otttz ag. 1chen
houri anm-‘uu-‘: & ANChL1. 1,1)-headcorrectiont)
: wlse | e, horemflagli).eq.1
hautbe. owgt, Timibn, 7
& e ack toris anchtral (13-
i & headcorrectfon{i)
i end 1F
L end 1F
€ if branch and generator at response node 2
H
AF(fbranchflag(1). eq.1). and. (1. q. rsprode2) ythen
<
:CMK whether vertical or horizomtal
I Af (horzaf Tag(1). eq. Q)then
: if 6 sub-segmems
"(H-Itb eg. E1then
hid, 3,13~ Tengthbranchti, 1
% er-e LR Lt i tﬂl’leﬁt!) =
ot A =
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m

e [t Fomat Yew (b
end if Tl

: if 4 sub-segeents
= ol mir «.-;m-
- ,m r-a:;anzzlw(n
end if
E 1f 1 sub-segeent

if(limith. eq. 1) then
houtbranchehpbr anch(i, 1, 1) -headcorrect fon(i)

end 1F
{3
else
©
houtbr wam 1, Vimd
s e ottt -
. * headcorrect
end if
{3
and 11
E if branch and generator at resporse node 1
" A ((branchi Tag(1). #q.1). and. (1. eq. rspnodel) ythen
€ check whether vertical or horfzomal
i if (hor znflag(i). eq. C)then
E i 8 sub-segeents
oMLt amEhe bl SAECT, 3,1)-1, hbeanch(i, 1)
i m(_ Feng -
end 1F
: 1f 4 sub-segeents
<
Af{1imith, eq, 4)1d
ST ——
% e et be a1 30 headeoe Tet ion(1)

E 11 1 sub-segeent =
11 (1imieb. ug. 1 then el

e [t Fomat Yew (b

(Tt sa. Dchen
She-hgbr aneh(4, 1, 1)-headcorrecefon(4) f=d
€
B wlse
houtbr anchebpbe anchbn(f, IIM: 2
- garrect| h‘i ¥)-
H headtoe rec
end 1F
end if
tnd of checking for branch and generator at response node

end do
wormal head owtpus below
rapnodel l;-ﬂ{rm'l i{ EIICUTI(“

sproder, 1 )=hi A
'?llggml =1, 2)=hirspnodei-1, 7)- lu&'grmm(rwm!)

‘“inz: 20,

wAA ARR AR

Htu rewsingle. ;tm rknown

-h:- (20,9) uwzl L_ 1) 2
& o ?""’“ ;

L) formar (f20.22,1x,420.12, TaFi0 A n 170,12, 1, 20,22
;Mml!‘ Tier

e HJ”; i

e 0o to 200

imo close (unit=20)

time(s date, s_time)
Testime

end | end of main progras
welghting funcrion for Zielke wnsteady friction
function weightfn{wran)
double precision wiay
weright fr-0. 060
caleulate weighting functicn

e [t Fomat Yew twb
) 5o to 200 fal
close (unit-20)

& ime(s_date, s_vise)
‘times’ s time

g

end ! end of main progras
weighting function for Zielke wnsteady friction
Funct fon weightfnwtau)
double precisfon wiau
welght 0. 6d0
calculate weighting function
1 (wiau, ge. 0. 0Z)then

AoRAR

T T

BRI wTau)s

s

weight fre0, 282095 (wtau== (-0, 380))-1. 25d0+1. 057855
(0, P57 5 Wtaur O, JOSE96"
-0 $51563

B

erd iF

return

end | end of rielke unsteady fricrion weighting function
creep function for wiscoelasticity - simple &V Lspring/ldashpor model only

function creepfnivifn)

doubile precision vifn
creepfn-aup(vefn)
return
wed ! oend of viscoelasticity ereep function EI

SAERSAEAEAR R
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M.2 Inverse transient subroutines for NLFIT

The INPUT and MODEL subroutines required by NLFIT are reproduced below. The
subroutine form of BSOLVER, which is called by MODEL, is not reproduced.

Subroutine INPUT

Hle Edt Format View Help

c Program combining full branch series/orifice Eipe code (including @
¢ unsteady friction (slow and fast) and visco-elasticity (fast only)
¢ with NLFIT for inverse fitting - VERSION 3.0 Date 12th June 2004

¢ Extra inclusion of option for multiple / long horizontal branches

[S

subroutine inputt (init, iend, neg, qact, actime, modelid,
& npar, nrx, iex)

-

impTlicit none

integer npar
integer nrx
integer iex

integer init(iex)

integer iend(iex)

integer ne

doubTe precision gact(nrx,iex)
double precision actime(nrx,iex)
character*60 modelid

integer i

integer ii

integer j

integer 3jj
integer status
character*60 filename

integer maxob
integer limit
integer Timitb ! Timit for vertical branches
integer limitbH ! 1imit for horizontal branches
integer limitvals
integer 1imitkv
integer 1imitKvbH
integer steps

integer viscozones

parameter (maxObs=165)
parameter (1imit=152)
arameter
parameter
arameter
parameter imit

parameter imitkvbH=1)
parameter (steps=200)

! mMaximum no. vertical branches
! maximum no. horizontal branches

Y

parameter (viscozones=1)

integer MAXiex &

Fle Edt Format View Help
integer mAaxiex [
integer maxpar =
parameter (Maxiex=3)
parameter (MAXpar=1)

integer leakcount
<
c Labelled common used to pass fixed variables to subroutine model
[S

integer nreaches
integer rspnodel

integer rspnode2

integer rspnode3

integer sdorfflag(limit)
integer ilorfflag(limit)
integer lastObs(MAXiex)
integer nsdbndtimes(limit)
integer nevbndtimes
integer endflag

integer usfricfla
integer accumflas %h‘mit)

integer airchamflag(limit)
integer overalldispockfla
integer dispockflag(limit

integer branchflag(limit)
integer horzeflag(limit)

integer hranthangieak(ﬁmft)
integer branchendair{1imit)

integer zielkeflag
integer kagawaflag
integer vesmthflag
integer veroghflag

integer viscoflag

integer partvisco(limit)
integer numbKvs(viscozones)
integer viscoflagbH
integer horzevisco(limit)
integer numbkvsbH(Timit)

integer viscozoneflag(limit)

integer airlinkflag(limit)
integer acclinkflag(limit)

integer orfbranchflag(limit)
integer orfbranchflagbH(limit, 1imitbH)

583



Appendix M — Fortran code for BSOLVER and NLFIT subroutines

_

e [t Fomat Yew (b

ineager igenerator(limit) E
double i
doubli = Swii
double precision vl‘(;ﬂly
double. sion hreservoir
double precision heeservairend
double precision totlength
' FTARGET
;) double arnc(ﬁon fru(rn "duck - nml l'or constant £ along pipe
] deuble precision for constant d along pipe
c
double precision :dau{-u,n.psa | target parameter nb
double precision Timit t muryunnfor
mm‘ preciion dortn (,;| e e L ror ﬂ';nl(: Te Block
e 3o CiolineC1]a1e nOT_ want
double precision sobndtimel]d I-"ﬂ-(.!\lr;l-!ym a5 ConsTant ftr the Teak
double precision evbndrisellimitvals)
double precision cva(steps.
double precision m;-m
double :«ufu chaTime(0: -d». unmx)
double precision
deuble precision e w«leﬁ( 8
double precision elevatianbs{limit, 1iaice)
e
¢ Some new extra inputs from the expanded branch code
©
double precision volaccum(limit:
double precision = -!
double precision vref(limie) ¢ m parameter for x
deable precision href(11ait) | miy or miy not want ra'bre
sion
«
nchi 1imit, Timith)
s—.?‘u‘ -I: Timitbs)
" Timizba)
mit, limith)
1 Yy lnmm
A L4

whilimit,
a-“u(-onuim THaiebn)

double precision M ?
T,

deuble precision L‘( “-4(«1 3
doulsle pumm wbeda(li) steps) | this s a target Teak paraseter

double precision vrefbranch(lisit
double precision ll'Il'klth Timit
double precision Hatsbr,

double precision n.‘l'k.th

double precision pipeconstradntve (viscozones
double precision gl‘nﬁwu aintvEbHC iadt) 4

t
t double precision Jourvevi (1 imitey, visco )
u (:"-um‘

t double precision Tauparve(limitey, viscozones)
jon Tauparvibe(lisit, Heitkvin)

double precis:
16 pracis:
double pracis
double precis:
t double precis:
double precis |

t double precision
double precision vt (ll-h m-nu. im:w)

double precision
double precision ar
double precision df

deuble precision
dnub'lt precision vr

double precision fricti nmtrlhl:p imit)

eaairlink(l
ameterair IMU mit)

rlink{limit]

atrlink(liait]
double precision nairlink

double prectston volacomlink(limts)
double precision acclinkwavespd(11

double precision fr‘:"uu‘(ll \mu
double precision 1 '1:
double precision Ula-!uruchmni

doub] 151 andlaak(]imi:
m!: PK{:I: gmum' ? ‘)

doubla precision corfbranchilisit) .

e o e 3
dou
doubln :lﬂllu et Branch(] 2119 T

double precision r mit, =
deuible precision rmsun!&hﬂnl;u)
End of read in varfables

common /1 faerfes_sodel/ g, density, vi Ay, br wvolr
it 9 Sl ":‘;m‘rm totlength, tf fnal,

f.d, cda, dorfinline,
Linyiaa, ocos BYI0e

sdbrdtine,
evbndt ime, cva,
obsTime, qreservoir,
elevation, elevatiockn, “
volaccum, L, Vref, Hr
m.m;r.wm‘ tretpocks |
nairy .I‘I‘wﬂ
Il'urt hbranch, !ﬂl'il‘brmsllm.
f’wh e an o

&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&

&
&

£ ,
al L alphavEbe. vEe, vEeh,
VE,

VEta,

l i {onairtink, Tengthairlink,
rictionatr ik,
eaairlink, Ili

accua ik, ik
‘:'gr baranch, nu'—‘f?rm i

FIEL m: ,-ru.“’t'-‘:’m:. =5

Lot 1ag,
ST sttt s, atecrustag, al

EEEEEEREsREREn &
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e [t Fomat Yew (b o
& , accust
& ??“ kflag, 1% 1=
5 ., ﬂ “:..3!-&.
& unui.- el ag, kagamat =
¥ et ag, VI"QY; g,
& wiscof lag, partvisco, rsbicvs
3 vmerl hermlue  rassbivsbi,
& all"lllltf} "Ildaf'l
i Fl ‘? s Tagen,
" save [invorfseries_sodel/
€ check that disension nrx < maohe
if 1.gt.
f!f.? e > manks
«
© open model data file
filenase - “mor: DO0m_
E open (mu-l. sTatuE= or;‘.'lﬁ"mh'l .ﬂmn-ﬂuﬂn)
g Af (svatus.eq.0) then
P readil, *} ! skip eitle
: mead conf iguration data that screen input in the formard progras
read(i, ) wsfricf] x!ﬂhﬂ flag,
. 2 e, ke
e read(1,*) viscoflag, vi M‘l
: mead the resporse node positions and owtput sultiplier (not used)
[ read{1,*) reprodel, repnodel, rapnoded
© head basic qi,‘ﬁ""'“" wiscosity, reservoir head, total length,
© nead Mreiches, reservotr flow (st guess) and fina) time
©
r«ua ')  Gens | .V‘swﬂ ezervoir, totlengeh, bulkunit
48 b MLt i
: Set the distributed air pn:hll flag
B read(1,*) overalldispockfilag
: mwad in distributed air pocket data if they sre present
L4

e [t Fomat Yew (b

€
3
3

3
©
c

AR nnr\» e T

if(w!ull spockt 1. 1)ehen
“ )f ;‘ ﬁm:’u‘:!#k.uhﬂk.mmk

e
& set friction, diaseter and wavespeed paraseters (if nor fireing) for reaches

do 1=,
end do
Set the nusber of frverse data sets = 3
neg-3
wead pipe segment specific visco-elasticity parameters
1f (wiscof 1ag. eq. 1)then
0o j=1,1 ! mumber of visco ones
reads, o} pipeconsisximvi (). slpelvd)

sesnes moye following to MODEL subroutine
do =1, rusbitvs ()
ru-au ] ijc«:(l B ovauparve i, 3

orly use l:-nval'lmq do Toop to set VE paraseters if they are comsistent

for all
do i1, nreaches
B0 §-1.1 | number of visco zomes

alphavn(l, )-plpeconstrainvedl)

sessss move following to MopiL subrowtine

3=
Moo lﬁmﬁ; A

rndcl ') {0, a0, roughness (1) ¢ Teave af) (ird position) cut as targel paraseter

e [t Fomat Yew (b
€

e co
end AT
For comtant friciton, diaseter and wavespeed paraseters
ruu(l.') fﬂm‘“ diameter, wavespeed

‘[ ;::Ir(lf‘fi(

a l)m

3

wow oAAAn

AAA AR

AR

EL L

NOW SET MATN MOOE FLAGS FOR Fea
It a feature 15 present then awlt‘ml ma-n need o be input

Teakcount=1
do =1, Areachess1
raad(1,*) branchilag(i), guu-!e sl) Alerfflagiid,
"-"...'.ﬂ“ m- irlﬁgg[ i,

Himeen
P andhanlaak(13, branchendalr AL
wn—lues() mnhq(l) -\rvukm(!).

nnnne

Read nusber of valees and closure frterval for side orifices - 1inear

1F (sdor fTag(1). eq. 1)then
Wead generator 11ag ! =1 =» generator and =2 = normal leak

read(1,*) fgenerator (1)
check whether generator node or not
1f(igenerator (1}, eq. 1)then ! 13 a generator node
read(l, *) nadbrd imes(i)

#ead the paraseters defining side orifice closure in tise

d’“’;.g:u.-g :;‘.S:?-.u. 3. gedati, 43

585



Appendix M — Fortran code for BSOLVER and NLFIT subroutines

_

e [t Fomat Yew (b

‘ it £
i W Cigermrator (1), 0. 2)then | not a generater rode
e Teakeount=lvakeounts1 =
& read(l, *) mdbodtises (1)
€ waad the paramsters defining side orffice closure in Time
do redbndt imes (1
"'mu o bt meCs, . cdaCi, )
3
end if
3
end if
E_ Read the paraseters defining in-line orifice plate (ro time closere)
Torftl 5 1 in it 1
'ﬂ’ u(': -}'-‘83.\!‘.‘.}35 t.gorfintine(i) l“m 1:‘“‘ "r'(?lq v"?vp
I freing valve
: fead in water A«-—.Iuw par ampters
if (aceunt Tag(H JYehen
“‘ﬂ:ﬂﬁf'g v‘:‘:‘:u‘ﬂ').ﬁmpﬂ(l}
«
Read in alr Targer di 1}
Em et e 17 o you are uyma di3r e s immm el
if (atrchasf lag(i
nﬁ? rﬁ w«ﬂ‘ o ?tlg nair, Hats
: mead in air chasber with inertia amerer - for larger discrete
© pockets only - not to be used wit e e, pockets.
3
if i) lllf‘ .
:: : 33 qti,wdairit_(iknlfrlimshul
rug v(a!r1tﬂ(l).§1n(«“rlim(t
wond 1
E wead in inertia / loss type accumalator with end Teak
1 if face Vinkf lagli). eq. 1)then
L4

e [t Fomat Yew (b

E #irst read snd leak paramsters
i read{l, *) mdbndtises{i)
: mead paraseters defining end Teak closure in tise =
do resdbodt mes (1

e -H(’l =1 l&llﬂ(h])-m(h))
:m: read properties of accusulator 1ink to Teak
read(1,*) fricti 1 T hacelink (1]
"“’i: rietionace mg ] engt! o

1,

diameteraccl
rexd it m_lmé ¥, accHkwavespd (1)
end if
wead paraseters defining branch and 1ts end condition (usually a leak)

1 (branchf 1ag(1). eq. 1) then

wAA A

Check to see (F branch with end Teak or end air pocket

T2
if (branchendleak(i). eq. 1)then | branch with end leak
: First read boundary Teak paraseters

I Fead(1,%) nebbdtimes (1)

E Read parameters defining boundary leak closure in Time

* 1" e e tme(H, 13, chedald, 3

Em read prwtiu of branch section
L Af (hor z6f 1ag(1). eq. D)then ! branch 13 vertical
PWU.') w an:h(‘)
e ol m-:md_ et ). et 1),
end do =

end do [l
W wnd if
: i (horznf lag(i). eq. 2)then 1 branch i3 horizontal L]
read(t, '} esbranch(i}

Timjrbn
ruﬂil. 9 mﬁmtr&a arm:l-lm

ﬂcnllmt }(‘ﬁ‘m mt.ﬂﬁ?'

:'ma water meter [ orifice properties if present
i If(nrfhrllu:hﬂ -l)dnn
gl ‘corfbranch{i}
end do
set branch visco paraseters - oprional
if (viscof laghi. ag. 1)then | read visco parameters
read(1,*} horsiviscell)

: !
! r-udEl ; D'Mﬂ!ia;n(\'iu(l) P pewa) ek )

=ewrees move following to MODEL subroutine - bring back for mar0d model

= do jq‘mm’n
read(l, ") jewrvevitn(i, §). tavparvebn(i, §3

W AR A

€
£ galy wse the follontng 1oop 10 4 paraseters if they are consistent
£ farati Msaoapnmnrmn Y

€

da f=1,1imfeby

‘ il 4}
RIS B e

[
sesssss move following To soDEL subroutine - bring back for wards model
c

da 14=1, 1)
- e R

c
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m

e [t Fomat Yew (b

e and do 1=
© wnd if
i wnd if =
:cl‘hﬁk if fire plug throat ﬂﬂl’l‘! is 1o h IM'IM
:ammhﬂ)ql == yes and orfbranch{i)=2

read(1, ) orfhranchi]

I!}uﬂrnml .g) 3.0 Dthen
i corfbeanchii)
i3 end 1f
© trd of section for branch with end leak
€heck To see 1f branch with end leak or end air pocket
o Af(brancherdalr {1). eq. 1)then | branch with end air
< mead properties of branch section
R i '"M‘HL l 1, abranchi, 13,
end do
:.md in branch air pocket characteristics
& read(1,*) mm:(i).mdkm(!).mwkmn.

: check 1f fire plug d'ol\: nriflct is to Iu hl:l.dod
£ orfbranch(i}=1 == yes branch(1)=2

re orfbr.

PO TP A cormramscts

i wnd if
E Erd of section for branch with erd alr pocket L

e D3t Fgmat Yew |3
i la]
&nd of main branch check
wnd if
=

e
Em distributed air pocket paraseters if such pockets are present
"glmlﬂ(').lﬂ,l)lm
rertidohe
end if
end do | finished checking & reading side and in-1ine orifices
mead nusber of values and closure interval for end valve (orifice)
read(1,*) nevbndt imes
#ead parameters defining end-valve(erifice) closure in time
do {1 fmen
i

wAn AnA A

wevbrdt ime (1), cvali)

.

€ End reading end valve / dead end paraseters

©

€ Check to see if end reservolr present - 18th May 2003
©

"‘”E’-ﬂ?w)m‘inm 1“0‘1;1 reservoir is present

hreservol
lse
hreservolrend=0. 0
end 1F

A

:’ fon
i ur::} wnlq(o 1)
3 !l imlm
i (uns(!) gt g R e

e [t Fomat Yew (b

€
: Check to sea {f end reservoir present - 18th way 1000 fe]
rug 1. .ﬁﬂ'lli)
i lag. eg. Lythen 1 end reservoir is present
b b "
=

s
breservairend=0,0
end if

3
€ Finished reading main data file inforsation

£ fead field measured pressure dara - this fs your aan fnput
esponse infor

rnd?. chstime(0,1)

read(l, c{:;.unum
TObs “ 1

iFCiend(1). gr. nrx)nen

-1“") wamber of data > rex”

o ey, tenacr)

E Units: obaTiee (secs)i pressure head (eitres)

cbsTime (], | A
um(nt!’umgnlt P‘W‘(} L
actacj Sgacrcf, i

w

erd o
close (unit=1)
medel fdentification string and rusber of model parameters
modelid = ‘rull sranch Inverse Code v3i Junedd

ARA A

npar = 100 tMaxpar*(leakcount-1) ¢ for leak fitring - 18th May0d and Tth Jan0d
else ! 1o if status not equal to zero
“railed to open data file

AR
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Subroutine M ODEL

_

e [t Fomat Yew (b
7] &l
Jbrovtion sodel (£imste,

ex, nfor, Iq t ‘?" por w T, Theae

€
faplicie none

int, timest -
i

M‘ pr.cl:fm :;‘(E‘ﬂ)
thll' precision dfit 'vm fexy
double precizion

Aneger afiv(iex

Anteger ific

integer ibeale

fnteger 1

1-2?0- 1 i

it v
imE Timi tvtae
e steps

=165)
Hmioi52)
+ wertical br,
(H) ! Imr'lml‘ branch
ll-(wa 5-10)
Hmitev=l)
miTEVB=1)
uawm)

parasgrer (viscoronos=13

Ml M e
pteger e 1

e DR Foest Jew b

integer
parasater teeld I
parameter -1
e
© Must declare target parameter(s) here
] double precision cdallimit,steps)
c =
double pru:moﬂ curveve {1imitey, viscozones)
i ouble prec Timit, T tevbi
doutle preciaton (luprv(?“ T, viscezons)
" touble precision xmm(h €, Timioevin)
G
double precision ve ﬂ‘-u wigcorones, Timitovd
" deuble precision vi T, I \ nuq)
double precision TRY)
1] ST B AR R I
3
] double precision Mh\lﬂl(“-ﬂ)

double precision allimit)
e
© peclarations for model to pass predictions
©

double precision (0 maxchs, 1
Baumle pracision et i

Labelled common used to pass configuration data and seasured
pressure array to subrootine socel

e nreaches
it rapnodel
r:

3
oritiag1imt
mEeger ;..ﬂnﬁh:..}}
s
inregor '-u(ﬁ-n)
integer erdf lag
At F usfricfl,
!
Teeger Bueratdisptkr).
fnteger dispockflag “ﬁ«n‘g

integer branchf 1. §||r|x)
i
Integer I-wnf ‘g 11-(;;1

e [t Fomat Yew (b
€

{rcager :lulu“
Hln
Tag

wiseof 1
At partvisco{limit) " =
it wiscof
fnteger horzovi: mit)
iy rusbicvsb (T imit)
integer viscozoneflag(limit)

fnteger airlinkflag(linit
{reeger it

TTeger orToeanche saohCT e, mtcbi
inceger igenerator(1imic)
integer {extracount

adis rie

i w«mm"ﬁu{m
Soable, proctelon Prasecvnle

1
¢ double precision a(limit) 'TARGET
¢ precis Timit

double precision diameter - wsed for comstant d al pipe

on cda{limic, steps) | targer paramsever for eih

m‘“ﬂhﬂ ; ' rlM:'Ilrm:inn for Teak as a generat

e S

it ine !

o HwTTvats) et 4% comrant for the Teak
evhndt 1E0]

on cva(steps.

double precision acro(masbs,mac
doubla precision chstise(o: Rt

double precision o
double 5«“1«! ﬁmt'ﬂbﬂ‘l‘l) "

le precision d(limit
double precision ll-m'rn mm.k wsed for constant 1 llm pipe

£
5
H
v
3
i
3

aa
:
22
S_
..i
i
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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

O D Fowst

foubln 51 1 1
20bs Bracizion Slevacionl e, vomtemo

3
€ Some new extra inputs from the expandsd branch code
€

double precision rebbeds i Timi
double precision ebbed 1:“-11.“.4“\4!;)
Suble precision sbcantdim

double precision veefbranchilisit
double precision nrefbranchilimit
double prec

double precision nairbranch

Gl

phavi (1imit, viscozones)
§ t-f‘ﬂi’)

SN

' VEf{1imie, viscorores
2‘;:{":}!.‘1-:*.\

double precision volaccus(14
double pre<isio 12
double ecision vref(1imit) ! target parsseter for air
double precision f(11mit) ! say or may not want to fit
double precision tm
double precision
double precision
double precision
e precision
double precision natapock
3
double precision leng: Timit, Huith)
double preci: Tenguhbranchbe{ 11mit, 1imiton)
double precision abranch(limit, |imith)
double precision abranc 11.5“'”-1“!0
double precision fbranchelimi, Hmitn)
double precision fhranc Timit, 11miThn)
double precision doranchelimit, Hmith)
doubla \ dbran Timie, Timizen)

t.steps) ! this is a varger leak paraseter

Vb
t, viscozones, Timitod

e o Fgest Jew e
' double precision vEtau(1d
double precision vEtasbi(

double precision frictionair)ink(limic)
double precision lmmlrllnﬁil mit)
double precision areaairlink(lisit
double precision diaseterairlink(limic)

double precision wrefairlink{limic,
doubile ;utaiu wc\‘!"nnslimv;
double precision nairlink

doubs] weinion volaccum] ink{]init
souble :u(;wm ucﬁm-am;‘u(n-io
double precision frictionac ll:i'lil“l)

€14
douby] ecision Tengthacclink(Timit
doube 5.:;31«. ﬂlaenru(lll(tﬂi-{t)

double precision gguessendleak(linic)
double precision qguessbeanchilimit)

e precision corfbranchilimit
m\. ;u(um uu—fu-“hinmx;

double precision r Timie,

o sttt thulbha dinied 411 ERVRNN

€
€ End of read in varisbles
€

v &

sdbrdtise,

&
&
&
&
&
&
&
&
&
&
&
&
&
&
&

.M Jimvorfser fes_sodel/ g, density, viscosity, hry

Vigcarones, s tkv)
8 FheErimd o)

eservoir,

heeservairend, totlength, tfinal,
a,

£, d, cda, geda, dorfinline,
Cinkine ™

avbnccine. cva, 3c0.
ma, greservoir,
:?ﬂ iu.::{hu!m,

nas, time, eboda,
wrefbranch, irefbranch, Hatsbranch,
nartrbranch, bukun

T,
ﬂwmzra“‘uvi,“w:u‘ra‘m“‘m

pipmeal Ive, pi)

i
1
¥

e e %

s bt {mes,

5
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&

. save /invorfaeries_sodel/
€ Main operational section of model subroutine follows
F(iflag. eq. 1)then
(1£129. 20.1)
o j-1,1
jnrwvlihi =0 D001 e-0%
s 1,1)=100.0
1} do =1, Areachesil
EEpRRNG Ba e,y
! il A)=par
Set Vi calculation paraseters
do 1

o Fraachessl

sty

ctionafrlink, 1 hafrlink,
Ar ik, diaseterair ink,
wrefairTink, vrefairlink, nair1ink,
frictionace]ink, Tengehacel ink,
ﬂmuuﬂll&wﬁas«ﬂlnﬂ.
wolaccum ace’ espd,

rw?nu.r
e, éﬁ gfrl)dl <T5M3,

il

139,

Ak 1, .2«1:0«1-"
Fbranchf 1ag, or Foranctif lagin,
Tgeneratar

Amas, endf lag,
:"wh'ﬁ‘ ;n%g-_f?‘gs‘m:mnr;
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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

_

e [t Fomat Yew (b

do =1, reaaches+l fal
o0 31,1
vejl ! = femrvevi (1,
Vetaull, §. 1)t auparve ,u
END DO
args T, han
P g
=
! do f=1, 1imithi 1) LB =
:: v:lm&ct‘ =T 2l pl*vr&wh.
end do

ur=1

» I Eaches.
'mrm.\t.l)ilﬂn ' use ? l'
11=par (inew)

XL ACOURT =1 EXTTACOuT 41

On discravization with 2 ?h
or 10w discretisation wi u-'gugu mi
nrum«l

S epar Chrve
,mmummmn

;f((uarmazﬂ; + 2. 1) . and. {{generator (1. eq. 2))then
cda(i, J)=par (inew)
new=1new 1

wnd T

.
**c In-1ine orifice paraseter set up for fitring - darfinline and cinline
*c

=1, reachessl

ot
i.mgi % &'m;-
)-vv(munl)
lf‘
i end o 1IN LINE ORIFICE WOT FITTED FOR MW - 18th MAYDd
¢ and 1f
call 1wfnnntth-¢np., lfx :mww\‘ v,

i, 4. e

« PrRaches ey
. .Je.1)than | use I for 10m discrevisation with 20m SEQuANTS.

ety LREH R et £t P I bR g g R

tracourt={extracount+1

tracourt -1

A | ruwe 1.

a(i) i

|'J;rl‘mllﬂ‘rmf1

ir .eq.1). and. . eq.
- _{(mm%m 1) and. (igenerator(i). eq. 2))then
AL, fi-par (ine)

Anew={news1

"
=*c in-line orifice paraseter set up for fitting - dorfinline and cinline
ang

- "ﬁ’,-?""{ s 1ychen
= WIS R
- t')w:‘mu
i‘ 1'
! OIN LINE ORIFICE NOT FITTED FOR NOW - 18th MAYDR

end iF
call imorfaerfes(tisestep, fox, jourveve, VE,
v:i‘v! tai, a, m:“?‘r

da 1=, fex
TE{1}ehpred(0, 1)

e 'iﬁ'&?;avedm-mp. i

1 gn oq. “¥")uhen
-ﬂu{nﬂr 10) obsTime(timestep, | i
10 Tormert et Tt e I
and o
ond 1f
ond
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