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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

Appendix M

Fortran code for BSOLVER and NLFIT subroutines

M.1 Forward transient program BSOLVER

File Edit Format View Help

Transient Program for series Pipes with side/End and In-Tine orifices Eg

72

DECLARATIONS AND DIMENSIONING

ARAAAA

implicit none

=

character®60 modelid
character®60 filename

[S
character (1en=8) _date
character (len=10) _time
c
integer steps
integer limit
integer limitb ! limit for branches
integer limitbH ! Timit for hor1zon‘[31 branches
integer limitvals
integer 1imitkv
c
parameter (5Teps=3000) ! maximum number of sub-sections steps
parameter (1imit=700) ! maximum number of nodes
arameter (limitb=1) ! maximum number of hranch sections
parameter (1imithi ! Maximum number of horizontal branch sections
arameter (limitvals=10) ! Maximum number of closure values
parameter (limitkv=3) ! maximum number of kelvin voight VE parameters
c

ogical iterate
ogical derivative
ogical integral
ogical nolumpbranch
‘ogical 'lumphranch
ogical wylie

C
¢ Beginning of read in variables
c

nteger nreaches

nteger i

nteger j

nteger rspnodel

nteger rspnode2

nteger rspnode3

nteger dtmultiplier
nteger status

nteger sdorfflag(limit)
nteger ilorfflag(limit)
nteger nsdbndtimes (Timit)
nteger nevbndtimes
nteger endflag

nteger istep

Hle Edt Fgrmat View Help

integer istep -
integer usfricfla Eﬂ
integer a((umf'la?%'\ﬂm't)

integer airchamflag(limit)

integer overalldispockfla
integer dispockflag(limit

double precision g
double precision density
double precision viscosity
double precision hreservoir
double precision hreservoirend
double precision totlength
double precision tfinal
double precision a(limit)
double precision f(limit)
double precision d(limit)
double precision fricfrac
double precision diameter
double precision cda(limit,steps)
double precision dorfinline(limit)
double precision cinline(1imit)
double precision sdbndtime(limit, Timitvals)
double precision evbndtime(1imit)
double precision cva(limit)
double precision elevation(limit)
double precision elevationbH(1imit, 1imitbH)
double precision headcorrection(limit
double precision headcorrectionbH(1imit, TimithbH)
double precision volaccum(1i
double precision at:wavespﬂ(hmt)
double precision vref(limit)
double precision HrEf(h:mt)
double precision
double precision nair
double precision vrefpock
double precision wrefpock
double precision nairpock
double precision Hatmpock
c
c Extra inputs for branches
c
double precision lengthbranch(limit, 1imith)
double precision 7Engthhran\:hhH(hmt TimitbH)
double precision abranch(limit, Timit|
double precision abranchbH(1imit, 1imitbH)
double precision fbranc i
double precision fbranc
double precision dbranc
double precision dbranc
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M

e [t Fgmat Yew i

E &nd of read in variables
B feginning of general internal variables
i
It sl
e ter
dx
[
areacrfinline(1init)
ealimic)
D(“ﬂti
cvedorf (1imit)
wendor

T
1u
gravern{iimic)

T eac 5]
giwui-n—)
wincour ant
maxraacht i)

ace st (Timit)

H

&

L1

2
§§58R88333333888%

cair r
wadr \..«:3
1

o0 €3
double precision |!||lll'|w'|§'||-(!)

{3
o Mk varfable(s) for branch(s)

4 branchflag{limi
fmeeger borralany?

|m branchendleak(1im
ger eger branchendair( iclt)

integer jeb

doubla pracision hourbranch

double precision debranch{limit)

touble precision areabranchilisit, Hsith) v

e
areabr. H(le:\-{:h.li::‘:b)

1 phranche mit, Haiib) o
1 u-:mn-‘(,hmx&)

double precision Ml ’I
deuble precision ebbedtimel]

double precision mﬁ(lln T, nml
double precision cveborf(l

essbe THaie)
double precision anchald(l ﬁt;

double precision deltagbeanch{lisit
deuble gk(lloﬂ hlossbranch )

double precision Jengtheorrect

double precision Tengthbranchrotal (1imit)
deuble precision :urrtcu

tdouble precision correctionbranchtotal (1imin)

{3
: Extra variables for branch with end air pocker

cal darivativebranch
133)::;! intagralbranch

et iteratebranch
e countbranch

double precision integralmeightbeanch
double precision m e
double precision Clbranc
double precision l:ﬂl'“h
Mlﬂd n'k.ulan C3branch
ecision fxobranch
mn‘u Fﬂ.ﬂ,lm df xpbranch
deuble precision derfvibeanch

double precision initialvolbranch{limic)

on vebranchiTmit]

5
le precis
5
31

on
double precision nairbranch

&nd of general inzernal variables

Special Steady and Unnteady State varisbles

o Tomar: e
double precision nlmrgu
double precis Timit

Yiate 2
deuble precis on all’ -i
SReiate, 32
cbub}c precis: '“l((‘:‘-(( H
Jouble precizion gsdorifice(limic)
double precision gor
double precision rE\itI(J
precision gencvalve

3
£ ixtra branch steady variables
€

double precision hhfu-:h:lud: ||-ub k2l
dhoubs e nf«uhm b anc| i ‘ (ﬂ:ht.?)
o pracison anch(l imith, 2)
double precision mm(ﬂth.l(m:u £

double precision rbranch(] fait, 11aith)
doubTe Brecialon rEranenShTiE L T e

End of steady section of code
Beginning of unsteady section of code
integer ’u
nceger jev

ARRAR

RELSINERSEY
:

§3535888533
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precis
double precis

double precision headcheck
double precision headcheckextra

double precision X
double precision fxo
double precision dfxo
double precision derivi
3
c General unsteady friction varfables
€
ingeger zielkeflag
integer kagawaflag
mlq Kf:‘m ysum(1imit, 2
Brecizton dtauel it g 2
m!c proo:tuoﬂ Parz(limit
double precision \m-ruuh(h-u Timith, 2)
Guble brecision Yauske HH‘ Hm:u,:)
Guble precision harzbeanchtl it i
double precision parzbranchbn(]islt,
e
© slow (zielke) ursteady Friction varisbles
integer i
integer iw
double precision qullMsmry(uﬂl steps,2)

double Fﬂ.ﬂ,lm we i ght !
double precision mu

{3
© rast (kagawa) ursteady Friction variables
c

double precision ovilimi
touble precision ¥( mu. in.z)

deubla pracision yn(1o;
double precision ya(l0!
double precision TE(10!

double precisicn ghacki(lisie,?) !

Be Dd romat pew
doubs

doub Pr s k1({1imit, 2!
double pr Hiack2(11mit. 2

Fast (Kagiwa) urnteady Friction varfables for warizortal nranches
integer vkbn(liaiz, 1imitbn)
double precision Draubn(tait, 1iaitts
doubile precision lhmm 2
double precision mt 1 nm L 2y
(3
¢ visco-elasticity declarations
{3

frteger viscor]
e p.’—iw o ity
ﬂ'(m'

e "

integer zk
double precision hfullhistory(limit, steps,2)
23

double precision 2(11 ‘
double pracision KrdeC i-u.n
wntuaﬂ nm-u

VELaw
precision vij(limit, )
Mh nr-ﬂslan blomlr.(m.v:

precision
Gouble Brecision gun-m: Timitey,
double precision tauparvi(liaitey

{3
¢ ixtra declarations for air chasber with inertia / loss (lumped)
i gl (DL

w

inceger
uwh!c “u.mq fricnmlrll nn L]
prec mgmu‘ '1:

i ik

doubla wu(nu diameteral

double precisien weafairlink(l
double precision veefaielink,
double precision moaielink(l

dnun! nrlculon hpairlink({limit
precision gpairlink(limic
cbub‘c prlcfsi hairlinkbackl(Yimit
double precision gairlinkbackl(1imit
tatra declarations for accusulator with end Teak (lusped)
Togical endflow
integer acelinkflag(limit)

deuble precision baceendlnuk;
double precision raceondlsak{l
double precision frietionacel
doubla p‘uuun lmqlhugll
aace] friq1{mit.
rnu!m ilmlﬂ“ fnk(1imie)

e precision m:mlmguﬂ(

Te preci
preci5ion accendloakt imt

& precision gaccend]eak, ll-h
precision haccendle, uu;

WA AR

w

precision Timit)

proc i on (i tergs

precizion hlosstricacc
wcizion qiterate

precision qiteratenes

precision g‘:mnﬂm

wcision zace
ecision Ml

wcision

preciaion mi =

133
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_

n'whh

]

m!q precision mi

double precision i

double precision volaccum]ink(lisix
e doulsle 5..u.m '1-*-»-5&1:"-%:) [=|
:inra declarations for type branch (e Tumping)

double precision mmhﬂl-ll Tmitbe1)

doulile precision c Hibis( 1wt 19mithis1)

double precision cmbr. mit, Timith)
double precision cmbr. (1 mit, Vimithn)

deuble precision “m..i.“ Timith, 2)
Tt ther, 2)

double precision c'brnh it ﬁ-lr.b.!

double precision qpbranchbn(l -h.n-;wu,n

€
: Extra declaration for in-line fire p\q throat orifice in branch(s)

im r orfhranchflag(limit
orfhranchf 1 (Timit, 1imitbe)

double precision corl'lrm:h Timit
double precision dorfbranchilfmit
double precision areaorfbranchilisit)

€
€ MEW BRANCH VISCO-CLASTICITY OECLARATIONS
€

ilr( wiscofl,

.'" m$whnt)

inuwr T tevbe

paraseter ("-ln:vu-l)

m‘ {5ton tra!ﬂ‘\(ﬂﬂhll’.'li!ﬂl

Auble precis oo pm

F wcind. UM&

doulsle
MN w«(um BuparvE N \I-(l |I-ﬂm§ =

double precision tauparvebuilimit, =]
{3
double pruulen al, Iﬁ“-h \u«.u)
s B mn Vimtebe et
o precision vEjbe T, T v
Souble brecision mcnd bR =

double precision MMNEHM! 'II!\!M 2)
double precision ParvEbh(limit, |imitbn)

double precision debi(lisit, 'Ilﬂuﬂ )
double nuﬂslan ELT b, 1imiEKibH, 2)

declarations for slow / full comolution v

§

double precision vifn(lisit)

txtra declarations for vardy irown - rough/smooth usE
Togieal {RgF1
1591ca1 {REbitlag

::'N( \lll‘h!l:g

LLT

double precision pal
doub] ecision r imie
double :u(s!m rmﬂﬂ‘dl.“ﬁlm

deuble precision Astar(1imit
double precision Bstar{limit
double precision xappa{limit.

double precision Astarbug] i
double D"Wfﬂoﬂ H@tlb’lg
double precision

double precision mE(limic
souble ;K‘IIM III(m(Hl'{( Timithn)

doubl !
m!: :::ﬂ: ::lll:m(ll-!u Tmithi)

double precision wbin(10) el

ST Bl Ty W

double precision friclactsain
double precision fricfactbranchilinit)

double precision Teaksise =
Extra wylie air code declarations 22 May0s

3
©IND OF DUCLARATIONS ANMD DIMENSIONING

Togical cdaf)
integer (pick

72
READ SCREEN ENTERED INFORMATION
10 =) 'Please enter selected response poimts’
raprodel, 3 s
Faprodel=is 136 148 PHLi2e

€18 15 51 1301 151 15gally
rapnodel-sl 176 11 201 1101 1 026
raprede 68 176 i R e 781 1s01 11s1 rangally

weite(s, wartt wnsteady Friction? ves=1 mo=2°
3 rnd(!<'))mfrim e
e ﬂﬂltl’llﬂ:’
I eflag. eq. 1) then
! want ielke unsteady friction? ves-1 no-2'

) o you
zielkef]
dleikerlaa
1t zietketlag, eq. 2ychen

Kagawa wnsteady friction? ves=1 wo=2°
red(n 5 kagawat 1ag
\‘ flag=2

' 1 5 agmeat | .
L] mqunw% "I!Ig'-')'l.!‘hry,“.dw‘

05 s es

549
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' .‘-‘7" Zythen
! Jauisd: ’1 Vardy/frown fough USET Yes=l ho=2"
'
[3
'
t
§ want. to isco-elasticity? vessl Nos2'
] soo‘w o v
\f'“ﬂf'l
i wreite(s,+) * want branch visco-elasticity? ves-1 no-2'
t read(’ ') ﬂ m

wrige(*,*) Pl enter your timestep sultiplier for owtpet”
] read(s, ¥y m{“ THer
drmultipliersl

! :;;EE.';;)‘ mase plek Tnak node’
write(s, =) 'Please enter the nase of the data file’

Miunllq nnumd “ T ile=rilenase, {cstat=status)
© END OF READING SCREEN ENTERED TNFORMATION
£ WARD COBE FAST INSTEADY FRICTION INFORMATION
Eml 1 the following values apply to Taminar Flow wnsteady Fricrion

1f (kagawat 1ag. eq. 1)then
i3

e
©
€ READ DATA FILE INFOSMATION
R HE R AT
: mead parameters not dependant on pipeline characteristics
b read(1,*) g, density, eservoir, buTkund

: wead the final tise

b read(l,*) nreaches, greservoir, tfinal

:aw in overall flag for distributed air pockets

* read(1.*) overalldispockflag | equals 1 = air pockets
E wwad in distributed air pocket data if they sre present

e [t Fomat Yew (b

€
if(ewull spockt 1.
ol a1, f‘ ﬁm:’u':imb.uir#k.mmk

e
€ check reach Tialt ot excesded

A (nreaches. g 1isit)then
write(®, ) “nosber of pipes exceeds Timic”

o
I, ana 167
:.ﬂm friction, diasever and varfable wavespeed paraseters for reaches
€ W8 - variable wavespeed means variable in space not tise. vou need full
feal 4 i hiigue 47 fabT
3 numerical fmegration technigue if you wam: time variable wavespeed
©
do 1=1, nreaches
oS TLi),dii), ati), roughness (i)
<
: wead main pipe segment specific visco-elasticity paraseters
g i iviscotlag. eq. 1)then

Foad(1,*) plpecorstralmve, plpesal Ive
it >?-g« el

eantlne Ty JeurvevE(1), tauparve(1)
ety . aupar

(3
1 he following do T ir i
Emvaﬁ.nim o ng bop Lo Set VE paraseters if they are comsfstent
" do 1=1, nreaches
Uphmea(1)-pipscomcraince
: vie(T)=pipemal Ivi
do =1, r—mi
VEICE geur
L R
end do
E wnd do
€
: wrd Af
e For comtant friciton, diasster and wavespeed parassters

550
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e [t Fomat Yew (b
For corstant friciton, diameter and wavespesd paraseters sl

I 3 frictrac, diaseter, wavespoed

&

LL4) fr‘t rac

$veetpees
ar (=]
do f=1, rreachessl

readil, ') bmm‘l (l) nml’ﬂ ILllnﬂl'hn(i).

llnm )(
e ohaat i; e Tirt Tagti),

dispoc

nmm«mr( 3
tll'l aglid,

memmnn

:Trl::lunif

! sdorfflaglipick)=1

check Teaks, orifices, accusulatcrs, air chasbers and pockers
ar the same node

t
i
03
3
€ are not
g

. 1
LT

3 A lag(i). eq. hen
gﬂn gﬂ‘ﬁl“ [ ‘l)a?nm‘mda'

Land. (dispockflag(i). eq. hen
:z.u-llglnr and aﬂ"n’xﬁ'&lkls‘ rode”

o D G
g to
end 1f

«
:l:hlcl neither chasber or pocker at boundary condition

ifClad il . - 1 -
e ) o S S R
g0 to
el A1
< L4

e [t Fomat Yew (b
€

"“"""""W"‘h"" . 8g. 1), 0r,
(e ;
Air e fadr pocket at downstreas node

&

no
“ wlo

Read nusber of valoes and closure fnterval for side orifices - Vinear

t ir . -
;m“:!; 15} In 1). m (1. eq. ipick))ehen
! recdbsndt {mes (1 )=2

mead parameters defining side orifice closure in tise

e cad(l, e A ) cdati,
r b B e a
;&-3:1 .: 4.0
sabngt ime( 1, 2!
caaf. 1)
tBat1. 230. 0003

ond_do

ond if

Af (sdorfflag(i). eq.
R )

e
& Read paraseters defining side orifice clesure in tise
€

do e, rodbedt mes (f
ﬁriﬂﬂ +") Ilh‘(‘.})-tﬁ(‘- ]

erd if
€
: mead parameters defining in-1ine orifice plate (no time closure)
if 1'Iﬂﬂf'| 1). 89,
( .. 2t mm(l)‘ummu)
© Mead in water accumulator paramevers

3
i 1 T
"‘.:'::'.,Hf‘ \:2.1_('1 accwavespd(i)

nead in a Targer dim-u! wﬂl‘u anl!
o rot use 1: you are tmm vlﬂr(huue small pocker v

R . L

D D Fgwet e
FamdCL ) Vraf (1), Wref (1), i, o fal

€
€ Read in afr chasber with fmertia / loss g-r far \ww diserate
5 pockets only - ot to be used with distribured e pockets

) vE ‘1( % ?t .wth!rl"&(l nair] ik, Hate
readn, ) Frictionai Hok(1), Tenguhatr ink §15
read(l,*) areaair1ink(i),di nlrlldx(i

e end if

£ mead i dnercia / Toss type accumilator with end leak

if(acclinkflag(i). eq. 1)then

E #irsc rasd s Teak parasstecs

read(l, *) rodbndtimes{i}
© wead paraseters defining end leak closwre in time

{3
j";mu = u&ml-u 13.edact, 3

€
& Wext read properties of accusulator ek to leak
€

ad{1,=) frietis Vink(iy, T Tk
Foad{is =) diumet ::Ellnk e
Fead Gguess: ak (i
T utnﬂ-llli( ¥, ace ] frkmavespa (1)

erd if
Read parameters defining branch and fts end condition (usually a leak)
Tf (branchf Tag(1). eq. 1)then

e
€
€
3

:cmﬂnn see 1f branch with end leak or end air pocket
Af{branchendleak(1). eq. 1)then | branch with end leak

© First read boundary Teak parasaters

i read(1,*) nebbadt ises(1)

s e}
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m

e [t Fomat Yew (b
€
: mead paramsters defining boundary leak closure in time

Ro lnd(l -)-:‘u&mmtl 13, ebecadi, §)

Eml read properties of branch section

1 (hor zoflag(i). eq. O)then ! branch 13 vertical .
fmuh)gﬁ%sﬁ:ﬁh(

1,73 I'Irmn(tg( m§| < 1), abeanchii, 13,
end do
end if
if (horztf Tag{1). eq.1)then ! branch 1s horizontal
readi1, *) sbranchii}
“rigér-: ?I:undh(u( m'ﬁ'(

i e ,mmeM’

H bt HE I
Read water meter [ orifice properties if present

ir “M'I i, 1, e, 1) then
i flor, i
o8 m};( Jocorforanchii)

€

end do
set branch visco parameters - optional
if(viscoflaghw. eq. 13then | read visco parameters
read(1,*) horzeviscoli)

ruﬂ ':} pinmtaimv‘ntl).mmnuw(i)

3
€
€
3

3
c
3

1:: wadil, ) iwm:un 13, rauparvebn(i, 13

only use the following loop to set Vi paraseters if tl are comistent
Vo Tl agments Liong shch beanch Tire hey al

B DB Fgwet e
: for all sub-segments along each branch Tine [al

do =1, Vimithi

: Lt nl.f%::iﬁ"" 1 2

vevEbh(l, 11
“‘E.i..tl vail(ntl.il) o
{3
z end do
end if
3
end i
Af £ il e 114, 1: Ancs
u_h&:: f rtvnt m; ce :1un| nc Yuded

wore 1 applicable to vertical branches mly
read(l, *1 orfbranchi
i uru- m then
e ’ R} o e archt )
ond i
&rd of section for branch with end Teak

Check to see if branch with end Teak or end air pocket

wemmmmana?d
Af (branchendair{i}. eq. 1)then ! branch with end air
Eum properties of branch section

do_§=1,
rzanh.-)"?u-u:nn ), Soranch(i 1, abranch, ),
I Sl Tengt

: #ead in branch air pocket characteristics

read(1,*) vrefbranch{{), irefbranch(i), nairbranch,
- atsbr anch =

ratmbran fal

plug !heo-u «m« Ja 5 be ml-m
== you and orfbeanchii).

anchf
ﬂi«rbmug g;“.’é,inm
branch{ i}, corfbranch{i}
ﬂd
end 1 =
End of section for branch with end air pocker

c
c tnd of main branch check
3

end if

S VS PSS SRS PSVSNSEPPRURSSS.
E set distributed air pocket paraseters if such pockets are presemt
il'(ala y('l #q.1)then

un" ;wdr«k
mmm
wrd §
end da | finished checki t‘MI sfde and in-1ine orifices
plus accusulators or air chasbers/pockets

mead nusber of valoes and closure fnterval for end valve (orifice)
Fead(1, ") nevindt imes
© nead paramerers defining end-valve{orifice) closure in time
'3
do i=1, nevbndt imes
read(l, *) evbrdtime(i), cvali)
" end do
:’ and reading end valve/dead end parameters
© Check to ses 1f and resarvedr present

rmﬂt:-’nﬂ“‘::!g-!):hn

mOARAR B
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m

e [t Fomat Yew (b

: &nd raservair is present
read(1,*) hreservoirend
wnd if
Finished reading data file information
close (mit=1)
end if
€ [ND OF BEADING DATA FILE INORMATION

AR oARA A

L £

c
C BEGINING OF VARIABLE CALCULATIONS

R

cdaf lag=. true.
sort wavespeeds to find fastest which will give smallest dr

LLT

do =1, nreaches
A9(1. eq. 13then
i‘:”‘m“]
f(alil. .ﬂm?}mlm
1
end if Y
erd if
e end do
€ weed to caleulate the reach Tength du valse
du=totlength/nreaches
© weed to calculate the reach Tength for the branch(s)
©

do 11,
il'{w::;;lnl:i) e, 1)then

f(horzef lag(1). eq. 0)then
a 1-:,;:?:
ke e be anchts, 13

else Tal
1 (elxbe i3 hbr 1. 12)zhen
“.nm: IR w u:hg 120
wnd 1f
wnd {f
e end do
Cin end 17
T (hor 2aflag(1). eq. 1)then
i =
1)-1m¢tmmm«(l< i
I?{l‘lb(aﬂd:’(‘i‘}l yl |uqdlwan(lﬁﬂ 1. B)lhﬂn
end 1f
end lf
L
15 end i
©
and {f
e end do
: Check dx i5 egual to debranch(i) for all branches (a3 a tesporary seasure)
o i=1, nreaches
u?fmul ;.ﬂ Aithen
TRl s aneh g 1 in pipe dx -
© write nxnrmm(")m PR N i
© Pl
end §
end if
e end do
© weed to calculate the smallest time step dr value
©
e wavespeednax
E weed to calculate the area of in-Tine orifices on main pipe and branch
I do i=1, nreachessl
:nln Tine orifice (~discreve blockage)
At larfflag(i). eq. 1) then
wo;rﬂﬁ!nztﬁ»r‘f)ulmu'tuﬁn!imu)":.nn
end 1 =

e [t Fomat Jew (b

:Irwh orifice {<Fire plug throat constriction)
A (orfbranchi 1.
e 1S T 150160 Cdor Phearch(1) =2, 1)

€ water meter type orifice comstriction

@yl o Tbr anchr1agbgs
II‘MM

). eq. 1) then
1265 A58 3 caoe b ye,
M'M 3 ‘] 0 { anch(i) ol

end do
weed to caloulate air chamber/pocker constant(s) if air chamber/pocket present

|!((alr : !1) .q-l)‘nr- (ol Tag(i). eq.1))then

c!.::: |mi‘r(i)“ﬂ .rnur}

wAA A

3
€ Weed o <41<u1mn the ares and ispecence for each pipe reach
€

(=0, 703 19m004(1) 2.0
b(T)=a(1}/ (g area(1))

relrought i 1=roughness (13/d(1)
erm(i)= /(2. 0do*a(i)". o
PO oAt A R
end do
al Ampedanc culation f Ade branchi - have
A o Ty
wote - if don't set wp the Tength and waves ml‘warwch
wulmnmhrmnu-:( the sain dx then vou need to soin
The courant nusber and interpolator mwn the branch{s) - th
doss NOT current 1y R LR
da |.;.|rw=h||=
i Cace

WAAAAAAAR

areaas 11\4!'3&';'1%;;:’;)-“ sracelink(d
baccendleak t;mr.hm-mnr‘(g utmcl}n(
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€
: 1f ron-Tusped side branch(s) then

do =1, nreaches
i (branchf lag(i). eq, 1) then

2 lag( s hen
jor, gl 0 0
1, §)=0. 783308165 e anch(1, §)*2, 000 e
- wm(l ’ anch(i, §)/ (g*areabr .40
end if
F(horzaflagii). eq.1)then
& ﬂa"q 1)=40. 783398163 dbranchbn( 1, 1)*=
B ncron ey 1y -3be Sriranc 337 o areumrsniAbn 3. 350
relroughbs(i, §)=roughnessbs(i, 11/dbranchbmn(i, 1)

end do
wnd i

wrd A
end do

E Need o calewlate dtreach(i)=cx/a(s) and aTpha(i)=(dtreach(i)-de) /et

do =1, nrn:
dtreach(i y=da a1}

€
€ Caleulate winimm Courant rsber
if 0 1)then
& &u}m—m{nnnh‘l)

nm:m:&‘_%::md{l-)xm
' each(i)
wnd if
caleulate inverpalatien fraceion
alphali)={dtreach{i)-dt) dereach{i)
wnd do =

(3
e Print cut miniss Courant musber

neour ant

wrive -3 iuindmes couram nusber s
weite “Waximem wavespeed 15w

mllm the iM:ln |I¢¢-’sll'lu opening(s),end valve (orifice) opening,

ot Choredatt,
i (i (1.1
il
L.
{i3=cdati, 1)
ond 1
end do
3
& inizialise branch end Teaks
g 4L men _’;(
da(i, 1.
o SrametUt (.13
everdorf=eval1)
h{1, 1)=hreservoir
Af (endflag. eq. 1) then
l(i(nrm.gn.?zlzlrum!rm
end if
0.0
Ju=0
END OF VAREABLE CALCULATIONS

STEADY STATE FLOWS, HLADS AND LOSSLS
Initialise paramevers and flags
intep=l
hloss=0.8
eheck-0.0
per et age=t. 05 e

W oAAAAAAAAR

m

e [t Fomat Yew (b

parcantage=0. 05
¢ percentages-50.0 nl
foo b ; chresersole
}
?‘ :nw o
B errorqres=(per centage 100, 0) "greservair

lumwuwnnwlr-trwrn
himargingres=greservoirserrorgres

3
€ Main Toop for calowlating friction Josses orifice Tosses and flows (=
€

do -1, Areaches

© caleulate head correction for all nodes
©
¢ headcorrection(is1)=-elevatfon{is1)-elevation(l)
:: tead correction for horizontal branch section(s)
B 1t ((branchf1ag(1). eq.1).and. (horzef 1ag(1). eq. 1)) then
dn =1, Hmivhn
1 headeorrect fonkn{is1, {)=elevat fonbh{is1, j‘
& evationli+1)
1 wnd do
: wred T
€ Seed to calculate the friction loss for each reach and specify
€ heads and flow

1,2 hl (i) dxrq(1,1)**2.0] Ay 5.0y
- ﬁx?ﬁ% 9 J1)-hloss- ((F(i)"de=q(1, 1) 2/ {(d{i)="s5. 0}
hlazs=hlosse ((F{T) dwoq(f, 1)**2. 00/ ((d{i)*=5.0)"

g*1.23370055))
©
B q(i, 2)-q(i, 1)
© i k states of each main node to sr if u ls a ‘«h, An=11ne or end of
: ine orifice and modify heads and f

Jdr, hes). and, 141).ne. 1), and,
s -wuwﬂ.;),-'-',??fu,(mJW I i
41, 130013
od AP qli+d, -qli,2)
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m

e [t Fomat Yew (b

E s1de discharge prasent =]
F Je o eachus). and gadec (Flag(1+1). e9.1). anc
s mum.,ﬂq) e 1), and. Emi[mt.@n. E-
: h(is2,33-0(1,2)
Ecrnck headcorrection pot > h{i,2)
I'(H 1, 2)
41,1 wsdorf (141}
& (gmu,m-“m V2~ Fection(1+133)03) =
AFCR(1, 2), 1. 0. 0)then
‘4;,.2;4;‘,,}‘
E calculate side orifice discharge and cumulative orifice discharge
AF(h(i, 2 . 0. O
& qssnr il‘:':(hl}-tm'f ;‘B TE? L Oeg* ({h (1, 2)=
rr‘-:ﬁgwuum Teet
r ‘h{'!l, dx 1«!:}?1«\ ve Function code
' L dord ?;' k). 1 woeo;
r & F&‘ o gek)’ ‘0 COSCRAT) Jihen
(ﬂll"llgl
; pick,1)=0. 001500
cdatlag-. false.
cu(igﬂ:k.»qu(mch.:)-mmm
To 1
it
end if
Af¢hii, !a + Tt 0. 0)then
$41)=0.0
*P‘shfsu_' ;u-an< it ceseqsdorificelisl)
f o AF
beliberate gap

M

e [t Fomat Yew (b

Accumilator and Teak present
AFGLE. T nreaches). sdorfFlag(i+1). ne.1). and,
- (I'Irfl'll'“—tl) e, :) nﬁ?(n:!!mlq(?sl‘) n)'q.l)]vjm
fe1,1] 1,2
e ]-M )h?hhﬂﬂﬂ(lol)
3
€ Tterate to calculate snuy discharge from end leak =
do whiTe{endf low)
c
:ti‘:l‘m friceion Toss in accusslator 1ink - independent of flow direction
Wossfricacc=frictionairlink{is11*} mllm(hm‘

& diasereraccliink Ior)qiq **2, 0ad]
& (2. 0a0%g* (areaacc 1nk:

w=h(i,7)-headc foalis1)-
Ll ?u‘vﬁ(hmnlu Risufricace Y

€
& caleslate new diterate on basis on Witerate
€

ot s b

i Gre(2. odomgTniterate))
::ln('. *) “tead at end Teak on accusulator negative’

e F

E Update Qiterate or stop fteration if comergence

deTra0iter ate=abs (01 Leratensn- muun)
Af {de’ M:lra“ t.1, 0d-1; ?)l comver:

Paccendleak(ie15oniter ate
‘cﬂnflw-.h\u.
o
Jt’fﬂhﬂ'll’l(m

{3
c ond do
€ Specify correct hand at basa of standpipe

€
] h(i.z)-ﬂwu’:-ﬂmuu“ful("l)olmyllu«lltt((u)&- 2
I & hlassfricace
: hii+1,1)=h{i,2)
: caleulate flow in next sub-segeert

if (nierate.

(111 1)-a(i, 3 -$|mamn

€ The Flow alwiys amay froa b nn- while Teak 15 open under steady state
€
€ caleulate end leak discharge and cumilative orffice discharge

1rQizerare ml

3-«:.«. enew

“‘r'iffcu-qwi ‘Icessgsdoritice(ist)

Iy wnd if
oeliberate gin
]
uegimning of BRANCH u-uy caleulation - VERTICAL BRAMCHES ONLY
Jt.nreaches). and. (sdorfflag(is1).ne.1). and.
& T1oefr 1 Hu o - € BRI PE1):
& Hst aﬁm) ;'

1 & branchflag(i+1). eq. 1)ehen
c
€ check If end leak or air pocket present at end of vertical branch
©

Af {(branchendleak(i+1}. eq. 1}, and,
e & nu-mln(hn.oq‘a))xm
E calculating for vertical generator, Teak or air stancdpipe sitmarion

B+l 13=h{i,2
Qb Lla(uu-qmwwh{l.u
owe= true.
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_

e [t Fomat Yew (b

Irerate to calculate steady discharge from end leak
der et Ve Coritt Tome)
Hlessbearh=0. 0
do f=1, 1imith
calculate fricefon loss in accesulator Tink - independent of flow direction
hbranch(i41,1,1)=h(1,2)
(l'l-%:m in-Tine br:m orifice head loss if

i greseon ar 52 for
oaty.vha valie for -2 18 actually sar a =
the end of the 1-1 section

ARAAR AAR A A AAR

(01, 09,13, and. (mmlqn.u,wmm

h1wmmvmwmf‘hrmm[
_lﬂﬂl 'I}M““(hl o)

&
“ !n( B
&t “n—m; el g’i
i : (rgu)gn(ul 1) ¥ vertical rise here
e 141, §, Z)=bibr. 1+1,1,13
: archiis1, §, whth i

€
:m« hbranch at top of <1 or base of j<I sub-segmert for orifice Toss
hbranch(is1, f+1.1)=tbranch{i+1, §,2)-

& hald(is1]

H g:m‘ﬁﬁéix:;)--x o/
A .00 = )
© Updating cusslative head Toss (fe. hlosshranch) for orifice loss
€

: i G

02,
. ﬁ?.ﬂ'ﬂ)}

else
wot ar first node up from base or no base orifice prasert

hlosabranchehloasbe fb‘“l‘ﬁi +1, ’i’f*“"(' 1,45
o‘l)' odoy/

H (GZancharat

(e i
: hbranchiisl, §. ?)wmh{ :ﬂaﬂ"‘l“"ﬁ‘(‘ﬂ)-

() Te. (1 imftb-1))then
g\‘ - ( vl:hl):{gd&rlﬁ:h(hl 1.2

€
€ End of if check for j=2 base orifice
€

end if M
i end do
E calculate new giterate on basis on miterate
Afhbranch(i+1, 1imith, 7). ge. 0. B)then
i o anchemt 151 Jocvebart L1330 |
& i Enu-m:n(m THmith, 223))
:;n‘.‘.‘} “Head at end of brarch is negative v'
v b b anchnew( §+13-0. 0d0
<
: Update Qiterate or stop fteration if cofmvergence
del anch{1s1)=abs abranchnex(141)-
L e e e ehordcien)
1r(«|lmﬁn‘l“§‘la) LA 1.0d-12)then | comvergence
.lnr.MI
iy SAbTE ot s St T
endf Tow=, false,
elze
endf Jow=. trie.
mﬁ‘a‘umla(uudrnmtm)
: wnd do
e Spreify correct hoad at base of standpipe
H ) R L

e [t Fomat Yew i3

R, 2)<sirerate: headcorrec 1 1)+
a ‘Mossfricace s ¥ nl
hii+1,1)=h{i,2)
caleulate flow in next ;.ﬂ»w
PORBcanch(st, Liaich, 2). ga. 0.0)chan

i h-(
The Flow alwiys amay from n:g 31:,.*} Ell open e steady state

3
3
€ Calewlate end leak discharge and cusalative orifice discharge
3
Af(hbranch(fs1, 1imith, 2). ge. 0. 0)then

sdor {fice(’ Mn;
.'Enrffl:u-wﬂl"l‘ansdwl =
©
© #inish checking for end leak on vertical branch
? end it
c
3
: Check 1f end leak present at end of horirontal branch
A {(branchendleak(1+1}. eq.1). and.
i 5 (nert q(!-n.n.l))tm
hii+1,2)=h(i, 2
¢ , ( Pn'll(h—llmm“h(hl)
3
€ Tterate to calculate su.w dlmu from end Teak
L da whi e (endf Tow)
hlossbeanch-0.0
e
do §-1, Huithe
©
:t‘.a‘:lh’u friceion loss in accusulator 1ink - indeperdent of flow direction
i hbranchbn(isl,1,13=h(1,2)
: check and calculace for seter / orifice type throttle on branch offtake - eg. 3 water meter
B tf(ﬂhmniwhl 13 eq.1)then
& |me(mjj)t e
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_

e [ Fomat Yew (b B
= Imﬂu-— an [
& ancha d(h}!"! a0}/
: (2. 0d0*, W“Nﬂ
e & hmurmlv\h‘(!ﬂ §2 1 herz. elev. effect
hbranchb(i+1, §, 2)=Horanchbi(i+1,1,1)-
a bkt s “nnéeaﬂr:(ﬁm(hu-
& hilassbranch
€ Reset hbranch at end of J1 or start of j=2 sub-segment for orifice loss
fal, Jo1, 1) =hber -
& S (@beancharacisny/
: arfbranchiis1}* o
& ullurfhrln:h({ol»)“! o0/
- & @.0g))
:_Wﬂnﬂ cumilative head Toss (fe, hlossbranch) for orifice loss
it hlnswuh-mnu(?uﬁn.(‘g “ﬂsmln(uu{
& arsaorfbe. lﬂﬂ!{ 31300%°2.00
& & I(? otan
e wlse
£ o first node from junction or mo threttling orifice present
mmwuuh-nmwmvmm(h:
: lq‘:mmm ! ;i
& anchold(f 1
: o o-txm} b e |
s & Mm;mlmtd 1) ! horz. elev. effect
hbranchbe(i+1, §, ¥=hbranchbe| +1,13-
& Lo "“....Sc:}riciio..u..-,.
& hiossbranch
©
IF(9. Te. (1 imithm-
; gr H(f:t’]ﬂ?;’)‘:‘wm(hld.?)
e
€ tnd of 1 check for 1.2 start orifice
e ond if
end do w

e [t Fomat Yew (b

a ond do lal
E caleslate new diterate on basis on Witerate

i Ww ::‘:sgﬂ tk"?;ﬂ..ﬂ- oehen

- Odor
H - SRR, vimtan,20m
' ::Iu('.') “wead at end of branch is negative n'
3 gk Gbranchnew{i+1)=0. 0d0

end if

€

© Update giterate or stop fteration if comergence
3

aghe anchy (e

& Wniu;ldth 13

if e gacteanet o). 6. 1.
FaRChoR (181, 1,1 anchnew(i+1
qbranchit(is1, §, 2)=qbr

nd
enct low. false,
wlse

ﬁ%’nﬁﬁﬁi:w“m«m)

el do
specify correct head at start of horizonzal branch
(i, 2yetiver atesheadcorrect on{is1)s Tengthace 1 ink i1’
& ¢ ) hlossfricace Sl G
i hiie1, 1)=h(i,2)
c calculave Flow in next sub-segment
B A hbranchisn(is1 ||-|m« 2). .n.n)mm
padis .\);qj‘ .2? 1413
€ The flow always away from w: w under steady state
(3
E calculate end Teak discharge and cuselative orifice discharge
1 Hrlnim 141, Vit 2). ga. 0. O)chan
|r.n k—r
cassqador ifice(i«1)

e [t Fomat Yew (b

end if nl
3

c Finish chacking for end leak on horizontal branch (fe. rot vertical)
€

wnd A

check for afr pocket at end of branch section
if(branchendair (f41). eq. 1) then

ki1, 1)=h{i, 2}
€ tnitfalise head Toss in branch (elevarion relaced only) o=
b hiossbranch-0. 000
:’ %0 steady discharge throwgh branch with dead end air pocket
: set zero flow and correction heads for rising elevacions
b da §=1, Timith
: Set base head from main pipe

Horanch(i+1,1,13=h(1,2)
calcwlate heads as you go up the vertical branch with zero flow in it
hlossbr ngthbranch(is1, §3 ! vertical rise here

Horanch(isl, §, 2)-mmn(io1=1.12“l'muﬂ)
h

LT

&
& hlossbranc

€
© meser hbranch ar top of §-1 or base of -2 sub-segment
'3
AF(]. Te. (1imith-1))tl
'Jl' ‘rh! lal)l?-lvlll(h(hl oy
«
© &nd of Toop for setting zero flow head correction for elevation only loop
€
end do
3
e Set sero Flows up vertical branch
€

do =1, limith 5
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m

e [t Fomat Yew (b

do §=1, Timith
anch( i1,
mhi\

caleulate flow in next main sub-segeent
qli+1,1)=q(1,2)
Finish checking for afr pocket at end of branch
end 1f

€
€
e
3
€
3
03
€
3
3

&nd of main branch check
end if =

and of seanch steady caloulation

72

caleulate in-11ne orifice head loss f present

& “‘ﬂnwﬂ‘l;u;nfng‘)‘.m(lau-\'an_hu.-.n.-u.

hida1 1h=hid :) (4latt, 7/ Inllm.(‘-q)-
& “(ifl.l)"ﬂ“ 2) §§ ; E‘
:w!u cumilative head Toas (fe. hloas)

. areane i e 33 o oS

end if
: #riction resistance term for the usteady calculations
3
FL=FOE )y an (2, Dd0ng® (d(1)°*5, 0d0) = (0, TES38163°°2, Do)}
Also need to calculate resistance term(s) for side branches
1 ~ dml 1rk(1)_only h
e :arml bara - dx=lengriacclink(1) only nr(rn-: a5y whecy the branch {g a

l‘n:slu use :':"‘an:h fx ?uvhl G“'N?I-K Aon - I::;‘E\: iu-mgh >

f 1 L0g.
! 3::«5'“&;)4:?“lmun{w(l)-lwhuﬂn«(l)! [

m

e [t Fomat Yew (b

FricTis 1_r-= = 1)/
& 12 ”{2‘"“, ( ﬁﬁmm"s.m f=d
& 10, 7ASHOR163442. 020))
L wnd AF
R T S S T T R e s
e 1f (branchflag(1), eq. 1) then
e 1f (hor zof lag(i). eq. 0)then
BN S -ebranencs 5y 1,43
: Pt et B,
& (0. 785308163442,
end do
end 1f b
i Af (horzef 1agCi). eq. 1) then
I AT )=t Houcs. 1) Teoarer
H A o%wg;'gém"-ﬁ- 551-5 0e0)
h -{n TisTokagees. 0a)
L 5. i o
L and if
: End-valve(orifice)
i 171 eq. nreaches ) then
I if(endf1ag. eq. 1)then
{3

ﬁﬂ?m 0. O)then
(sq—:'(‘:m "‘g? 1 2)-headeorrection{is1)-
Tve=qii, 23

Af (headcheck, 1o, 0. D) then
Q. 2)=0.0

e [t Fomat Yew (b

a<h(1,2) action(isl)
AF (headcheckextr - g4 0-0)hen
& (sarr(a.o0ge y2)-headcorcection({+130))
H«-M =g, 2)

if (headcheckextra. 1. 0. ) then
a1, )
end 1f :

L

end if

c

© Ser istep=1 steady flows as initial gbackl values ]
©

k1 (1, 19=a(1.1
ka1 2912
backl(iL13=nti 1
k101, 2)=nt1. 2

£ Also set k5 for steady flows
€

ﬂl‘)ﬂ{‘b‘(ﬂ(' 1))/(0. TASIOR1ET* (A1) **2. 03013 )
& wd(4) fvincosiE

update friction facters from fnput file - fe. override 26/02/0%

s

& £ g;mm [ s (1
sé (g

7”!&

EE

Friccion facters for main e ne I‘or \‘fr“

ection onl
need 1o -w]u“ tmf 13 -ul\'wh nr di w;
emp lat, obably comvert To a 1c(loﬂ factor in

ﬂ-w :Jq.'f“m = um Eﬁcmr
ﬂtuc}z.l::m!:m ! laminar flow
wnd if

=64, 0d0/RE (1)

558



Appendix M — Fortran code for BSOLVER and NLFIT subroutines

_

e [t Fomat Yew (b
€

"(ﬁ(#-ﬂ:-m then | transition or ful wrbuleer §low
fctactmaine1, 32 }

aadlis 5“ l,’ﬂﬂ‘d g,uu

&
& £ li(n-
&
ond if
End of Reynolds nusber and friction factor bit
:ln set Tull flow sumnm friction) and head (visco-elasticity)

istory values for
1Thistory(i, 1,1
“.llmgwr L 1
Mullhfx
hiulthistory 1 W

end do =
Iluumr ln'iu!(l =elevation term and anch(i,
_"“ “ ¥ Tengrhbe n

SeTmNLE AR 10 eturn Mbackibranch to
:u ;:u;_w!:wc wlu for purposes of the unsteady calculations
nt anc

This wnulen nnl e = o be doow to the value that returns fr v
the st ause 4t 15 only in the ueuy section that €
Correcuion o absrracied In order Te get the right leak or orifice
discharges,

LLLLLLY

S'n_fek ir hnﬂm(nl are present and adjust flows and heads and set backl

i!sosl:g . 1)then
lr((&umlnom eq.1). and. (horzBf 1ag(1). eq. 0))then
Tengtheorrect-0. 0do
H Loop te go through branchis) sub-segments
i do 31, Huitt
check for end leak or air pocket an branch
1f (branchendteak(1), eq. 1)then
|

o if =

i3
3
c
3

€

e [t Fomat Yew (b

wnd if Tl
A (b anchurdaie (i) eq. !)u-m

Skl

end if
End of check for end leak or air pocket on branch
check through each of the x nusber branch(s) sub-segments and correct Tor elevation

Do nat correct base value Mcan it never had the original lengthbranch and
headcorrection adjustments

1#(].eq. tythen
qfeckIbranchCt, 3 2)=horanchCis §:1) e
mm:“u-nnu s 0-Horanch(l, 1, Jeheadcorrectionie

A AARARAAR W

hnt!bf“h |, B ;WEMJ“‘ES”'@SJEHW»
ond da
set total Tength of vertical side branch = sus of sub-segeent Tengths
Tengthbranchtotal (1)=lengthcorrect
MUST ONLY USE THESE WEACKINRANCH VALUCS FOR THE TSTEPa2 CP AND OM CALCS
end 1
case for horizonral branch
AF((branchf 1ag(i). eq.1). and. (horzaf 1ag(i). eq.1) ythen
correctionbe=0, 00
Loop e go through branchis) sub-segeents
do =1, limithn
check for end Teak on horizontal branch
1f (brancherdleak (1), oq. 1) then v

WAn AAA A AAR ARAR AARA A

13, 8q, 1)than T

g:lﬂh‘“ |.i.lg$ E:;

€ cateuta uym nusber and actual friction factor for horizomal branch
€ sty staady state flow rate
BH{f, §)= h.-" 0. 78519616,
& e ;g“ % S-:.m)))-«'n‘:rmmu.:)
. iscosity
E Update horz beanch friction factors from IM file - override 28,/02/05%
Af (meheli, 1. Te.
" < %1 ) [ J=td. A1
«
|fil‘h‘(| .zm Then =
U‘U‘" »ﬂm (41 A
o T .’.E?u.u o e e
& lﬂﬂl(‘ 13%%0. 91033

€
& Friction factars 'f hn-l:m.l branchies) - use Re fmeediately afver
: branch “j‘uﬂlﬂ\ fon onl

(bR, 1) Naminar flow
e, vrl:unhrm 1]-04 m.ﬂnﬂ«(i 1)
3
ir(meba(i . hen ¢ Ji3 full Bl Ll
Rt r"m(:‘)q:, nao':r?{ Crosgnesi )
& anchbig§113)
: :.S :m]u(m(un)- 900
end 1f
E tnd of meynolds rusber and friction factor bit
¥ end 1f

tnd of check for end leak or air pocker on branch
theck through each of the x nusber branch(s) sub-segmems and correct for elevation

correct base value h-«-n it rever had the orfginal lengthbranch and
o diilioods 2 adjustments
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_

e [t Fomat Yew (b
€

1604, eq. 23than

.‘“M“&“MI « Jo1)=hbranchibi(i, §.1)
Hbackibr i =hlr 1
i anchin(i, §,1)=horanchin(i, §,13+ coreections
- correctionbi
end if

correct fonbi=correct fonbissheadcorrect fonbni, 1)
hbackibranchbs(i, §, 2)=hbranchbs(i, l‘mﬂc
urutlm(()-

3
end do

E set total lengrh of vertical side branch = swus of sub-segeent lengths
n correct ionbranchraral (1 )=correct fonbs (= |
: MUST ONLY USE THESE WEACKIREANCH VALUES FOR THE ISTEP=? CF AND CM CALCS
i and i
:“““ Erd af case for horizontal branch
erd do
i wnd i
: check if afr chasber /pocket present & if 50, adjust reference voluse of air
wylie=. false.
ire . 0.
=L .m'l)mm
ll((alrcnu'l a?(i).ml.s).nr, (dispockflagli). eq. 1) )then
{hbacki(i-t, 2 -m:u:‘ )“‘a i -headcorrection(i}
]
%‘EW BE mrsmr”

i} 1, 2)+hbackl . - rection(i
v -3-'?:"35?}-(:(.-.:(9. TR A S AN

! §
-'"fun“ ) m:')‘ m;w . dmp”, STATUE-"unknown )

wnd if w

e [t Fomat Yew (b
i

wnd
erd do
wnd 1F
i step
e
€ Chack to sae IF you have an afr pocket on the sed of 4 branch
i(s“ﬂ:gﬁl)lm

if hendair (1), eq.1)then
e 4S8 s,
heranch slulmﬂs elevation cofrection)

rection(i engt| et
the former. sut the ) calculation above
eave

1 vty 3 "; use hranc )__ h{i, 1
HSMTR At oA R on i SR
vobr anch{i}=vrefbr. h(l)'(((n’!ﬂl’“l‘(l}‘nl‘l’nh){
Ty o
and 1f
ord da
L and AT
€ chock If alr chasber with fnertia/less present & if s, adjust reference voluse of air
T (istep. eq.1
ey
iFCatrls
m::ms‘?m...,%.,..zfgmmmlnmm.
i B AL D LPSTY

end o
end if

o the iteration check to see 1f (greservoir-gsideorifices-gendvalve)-0
geheck-gendvalvesgorifices

AL necl.l +hrimar gingr.
t “ k.gt. 1 lunrwlﬂn'!;))!luﬂ

|I(1lﬁ|m¥h1n 1
- i

3
c
g
€

{3
& friceion fact ='

(lrfr!d‘”!-‘l

e [t Fomat Yew (b
(o T Tag

do 1=1, rre.
|f“? ﬁnf(i -#q. 1)then —
for branch’,

. m.l'.l‘frlﬂnlk“h‘(‘;)
SREBNT Lag=. fa

m&nmrmumwmmv

if {grheck. gr. himargi T
i L L ; r‘(zﬁtmmﬂw 0)*greserveir

uﬂ" H
mqnm I( Io-arui
o

Output sequence

20 A (r.eq.0.0) then

Wote - because tramsducer f5 n base Wuur standpipe there is mo need to
subitract the Jengthacclink(i) or height of standpipe out of the steady hout result

priodel, 1)-headcorrect fon(rsprodel
thow 2, 1) - heades 1
R R

Extra special N‘M out for "I‘S( M Iiﬂ NMC.I Tine
only sets output 1f branch

Jthen
2 her centage/100. 0) *qraservair

do 1=1, nreaches+1
1f branch and generator at resporse node 1
AfC(brancht Tag(1). eq.1). and, (1. eq. rsprodel ) yrhen
check for vortical or horizontal branch
i (hor 20t lagli). eq. 0)then
for high discretisation and 6 sub-segments along branch [

W OmAR AAA ARARR
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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

e [t Fomat Yew (b
: for high and & sub-segments along branch ey
mu.uh «ML
anch(i, 3,1
P et If >
: for medium discretisation and 4 sub-segments along branch
1 mich eq. 4)chen
V(nutbrmn anch(i, 3,13
" end i
:. for Tow discretisation and 1 swb-segment
AF{1imith. eq.1)then
houthranch-hbranch(i, 1,1} -headcorrection(i)
end it
else

houtbranchenbranchbH(i , 11T, 2)-headcorrection(1)
end 1f
wnd Af
If branch and generator at resporse node 3
AF((branchf1ag(i). eq.1) . and, (i, eq. rsprode) yrhen
check for vertical or horizonmtal branch
iF (horznflag(1). eq. D) then
for high discretisation and 6 sub-segments along branch

"('I‘-llb £4. a 1,3,1

©
© for medium discrecisation and 4 sub-segments alang branch
<
AF{1imith, eg, 4)then

!wth'al:‘b-lzrml(
end if
{3
£ for low discrevisation and 1 sub-segsamt
{3

A1 mith, eq. 1) then
iy hetbans ’Lau-mh(l 1,1)-headeorrectfonti)

3
3
i3
4
3
3
€
3
€
g
3
3
3

1.3,1)

e [t Fomat Yew (b
end if Tl
wlse

howt br arschehbr anchbe (1, 1imdthi, 2)-headeorrect fon(i)
wnd iF
end if
11 beanch and generator at respornse node §
Ar((branchflag(i). eq.1). and. (1. eq. rsprode’) ) then
check for vertical or horizontal branch
1f (hor zuflag(i). eq. 0)then
for high discretisation and ¢ sub-segeents along branch

lf(l‘-ltl‘hﬂ.ﬁa“‘ﬂ\

iﬂl‘&'“ anch(1.3,1)

ond 1 =
3

e for medium discrecisation and 4 sub-segmerts along branch
€

lﬂli-lth b-sa Dythen
anchii, 3,
wnd 1 =

3
© for Tow discretisation and 1 sub-segeent
g

if(1imith. eq. 1) then
P "mmmnnt|.x.n-hm=nmm(|)

#lse

AAA AAR AAAR A A A n

howthranch-hbranchbe(i, 1imithn, 2)-headcorrection(i)

i end 1f
b end if
E- ind of checking for branch and generator at response node
ond da
: open (url£=20, 1§ 1o="rews ingle. dap” , status="urknown'}
write (20,73 ¢, hout (raprodet, 13, hout (rapnoded, 13, w

__E: .ﬁbsw? .1, Tal

ifienf1023,
pau-wm!l.iqi?;.m‘f: e, edalipick, 1), RE(1),

gudarif fee(659)
evervolr —gudor | 1 {ce(659)
wlﬂtu
0] SM )M
nelt . 12560) 'i 4
i nw T ice(sa1)

Teaks f 2e=gor
it =

e C T
S
special Hittle harcode owtput for wanson leak calcs. above - #4.4m dx only

7 format (f20.12,1x, f20,12, 20.12, 1x, 120,12, 1x, L 12)
L fm“(fin z?ZD “ lx‘?}o.li il,zgiﬂ,ﬂ.l!. el
gli 1%, 120, 1.

U= m-uuph
L t llQ (N.‘)

S
ond AF

END OF STEADY STATE FLOWS, MEADS AND LOSSES
stop

START THE TINE ITERATION FOR UNSTEADY CALCULATIONS
€ Increment tise and set response poimt variables

3

200 T=Tede

3
Istep=istepsl

-11*1u
trinall go to 00

closure pesition imerpolator for nu orifices and accusulater
wd loaks (ot at first and last node

do <1, rreachess1
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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

m

e [t Fomat Jew (b

a do 11, Areaches+l
€ For comventional side discharge or Tusped accusdlator
‘ if{CsdorfTlagi). e9.2). o, CaceVinkf Yag(i). eq. 1) )then

% jada, nactedtaes
(‘: -mt-%}sn—m.n.

* M‘r«“k Y otedact, Jsdd-cdact, Jsd-13)*
H f}.,.?é““ 'f%la]f" e, 501003
i T
i3 end 1f
E For non-lumped side branch(s)
L if (hranchf lag(1), eq. 1)then
:_:hlck for branch end Teak or air pocker
7 AF (branchandlaak(1). eq. 1)than
&
ob)-
H neld, ey e

e 72
SLOW ZICLEL AND FAST EAGAWA UNSTEADY FRICTION
Af(usfrictlag. eq. 1)then

AAARA AAATA

2inlke smteady friction
1f Caialkaf1ag. oq. 1)then

€
: Sot Ysum{i,1)=0 and ¥aum({,2)}=0 for slow unateady friction and fstep < 10
] ifiatep. Tr. a3then

& 13.1-«»:!!«

0%
t
E Activate slow ureteady friction for fstep »= 4
A if(istep. ge. a3 then
c set up for fast unsteady friction for different pipe diameters
i do =1, reaches
H’tr 3&m5:w%¥5?= {“?
: Set zi=istep-i
g Fi=istep-1
E Madn flow and weighting function caleulation
do dw=1, 01,2
i do §e1, reeaches
: i(-m.lu(l)‘d:h(h)
; et M S B2
i vsumif, :)-vm(j .( :n ;;ma-u alsmeet :;-,-;}_)_._ﬁm_
G d'
end do
$ end do
: end if | end of check for fstep >= 4
B wnd if | and of chack for Tialke unsteasy friction
< ;]

m

e [t Fomat Yew (b

E wagawa wnsteady friction
¢ H0cagmat1ag. eq. 1) then
: set vsum{,1)=0 and viua(i, 2}=0 for fast ensteady friction and fstep < 8
Ugig mume
Yiuat1,1)=0.0d0
" Rl 4
A ((branchi and. i lag(i then
(NH ““nl(ﬂ) ceq.1). Ohor 28T 1ag (). e0. 1))
sumbr anchbi(i,
m-nnmnm i ’ it
end ﬂ‘
<
end do
end if
E activate fast unsteady friction for istep >= 3
B 1F(istep. ge. Ithen
: Set up for fast uuudy friction for different pipe diameters
“ =1,
I8}
R R
(beanchi Land. (hor zaf lag(i then
Jdnnn&)nl) (hor zef lag(i). eq. 1))
Dtaub(l, fhet. d0Tviscos ity=d
& (@heane 3$ *2.000)
ParzheanchbH(i, §3=16. 0d0=
& (b (1, 1)"*2. 0d0) "dx
end do
end f
©
B end do
:“’km how marty past weights to use
a i=1, nreaches
vi(i)-0

“!'?ﬁagi}.nq,ﬂl,d-& Clotauliy/2. 00 gt. (TR{{33)Ithen
P
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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

_

e [t Fomat Yew (b

wne it
L and da 1=
lf(\‘?f‘) - #q. 0)then
€
h?:lmt‘ﬂnq&') 2,10, and. (horzaflag(i). eq. 1)) then
hm(l Ji-10
end 1T
{3
B end do
© CALCULATE FAST UNSTLADY FRICTION VARTABLES
H
“oy AN
s‘ B ;:Ls. e
‘ 1!5;(.; e
¥ii, d 1 -o.m
wik, 14,235,080
i
1 wnd AF
o §1=1, ¥k(T
v ey -dens DGR A 1y
N “ynli1)"Drai(i)/?. Ddo) "oV (1, 1)
YO8, D=V 1T 2 dep ) sptaut p.n-m)-
& dexp(-vni 1) 0tauli )/ 2. D00y = eV (i, 23
pemtiE :“E( Bt e
e} KK
end do
: Section of code for horizontal branch use
: do 1-1, nreaches
L AF{{branchf lag(i). e, 13, and. (horznf 1agC1), eq. 1))then
do §=1, limithn
A, §.1)=Cabackibe anchbi
% e les e tqﬁ«kguwmu $,133/
& arwabr anchbn (i, §) =

_

e [ Fomat Yew (b
[}

arsabranchoinCi, 1) fal
avbHii, §, 2)=(gbackibranchbul
H 2 ﬁ.g:}m«mutlsl 0/
b amehbai (4, §,1)=0. 000
P m—:n“‘:é(. 1575!0‘300
Irga:u.u‘ Fythen
i i=1, Tkbi(1
m'('ig‘i 1%-&%10
o o 11,2320 000
‘ end if
do $1-1, vkbud. 1)
i whnl], 41, n-nn(i 1234 derpLmi i p). i
H 2. G0} *dvbe m.‘ :‘
FBHCTL . 20=YB T, 11,20 denp{-rni1) 70, bt ]))o
H et ; otaubsi(i, 13/
Tmbranchinds. .1 = ysusbranchin 43 dm%
rsusbranchin (1, 1, 23=vsusbranchon( 1, 1, 23« vbr
o do
13 {=|
2 wnd da
L ond Af
wnd do
{3
{3 &
L end if 1 end of check for fstep »= 1
I end if ¢ end of check for Kagawa
c
Evarw; trown smooth pipe turbulent unsteady friction
b Af (visathf lag, eq. 1) then
I pat=2, 0d0*asin(l, 0)
- B bnaransies
E‘i- a. w!g;”!ﬂ

©
: Set vsum(,1)=0 and yaus({,2)~0 for fast wnsteady friction and fstep < J

"&"3“ l](lm
“=3é1 1 -o o2
calcwalte astar, #star and kappa + kagn, kage and Tk values here
1 (1step. eq. 2)then
oetermine Astar, fstar and xappa for sain pipe sections
Astar (1)=1, 060/ (2. 040" (pai**0. 5a0)

\!(lﬂ(i} Tt. 2000 then
ar(1)=210, 0R40176d0 e

wlse
uw‘ﬂ)-‘ 10614, 1/RECTD
“nuf(?

3
3
3

oA

=0, 138% (R (1)

e
end if

E horfrontal branch calculation
1F(Cbr 1), and. Bflag(i then
&J-l".‘ 1).e9.1). (hor 28F12001}. eq. 1))

rsnﬂr.mmu[i l s
© calcualte astarbe, mstarby and Kappabit + kagnbh and kagsbh values here
E 1F(15tep, eq. 2then
tetermine aAstar, Bstar and Kappa for sain pipe sections
ASTarbw(i, 1)=1.000/(2.040° (pai**0. 500)

AFrEBMCT, 1), Tt, 20000 then
JSstarth (it snianteie

napwu fr=logroia. 1/ (stm(i, ji==0. 0533 [

wonAn
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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

e [t Fomat Yew (b

Eappabn(i, 13-1
mruEl.B-n
wred
wnd if
end do | branch pipeld
e anch pipeline
end do ! main pipeline
i end if pipe
€ Activate fast unsteady friction for fstep >« 3
Af(istep. ge. Ithen
© set up for Fast unsteady Friction for different pipe diameters
W l-.'luruc
W\ﬂwl‘nﬂ)"“!}d}l **2, 0d0;
'¥'¢ ‘ =16, 000" viscosity/ g/ (d: 2. 0d0) *ax
ir&nj-wﬂws': .q.1).and. (horzef 1ag(1). eq. 1)) then
oeaubi(t, J3=4. ﬂvﬂ'\ﬂua
g { j *43, 00y O
ParZbeanchbHii, § -“ Bt viscond
- (&‘ (1, §3"=2. Ddo)=dx

ond do
end §f

end do
work out how marny past weights to use
fa f«1, nreaches
“((iil-oln
AR ({vk(1). eq. o). and. 43/2.0). gr. {rk hen
S{gﬁ_a eq.0) C{oraul),/2.0). gr. (rk{1})))x
end 1t
end co
wmsn.u - B Then

fe 1
i vﬁl‘u:;: +#g.1) . and. Cherzef1ag(1). #q. 1)) then

_

Bl [0 Format ew fap
end do
wna it [al

€
end do

€

& CALCULATE FAST UNSTEADY FRICTION VARTABLES

e

2 e s
MR g

3
© Hard code main pipe sections vn, vm and Tk values
3

- 4, TRT 0266
51. 080651

210, B6816300+:
765, 02982800+ 05Tar

S

EVTTTITOT

5
i
25
L

RS
g
geE
g
H

55
3
E
:
&

(i) -
(= by }n mw(ti}oh(n)

Aiaepeau iiw-(ﬂ)-
aul13/2 i

e [t Fomat e
“m.::l.n«m(h?)w(h“d] nl
section of code for horizortal branch use
do i=1,rreaches
ir{(branchflag(i). eq.1). and. (hor z0f lag(i). eq.1))then
do f=1, Vimithe
dvbH(i, l.l)-(mchﬁmm(m)-

2he anchis(§
R (‘(1 51 N

dvhin(i, §, 23={gbackibranchbn(i LI;
‘gbac brlﬂc'im A4,/
ek aeroncr. 51

aﬂ?ﬁ«ﬁ 4 11=0. 00
Hlﬂf“m ‘-].?5!0,”

E!ﬂl’ﬂ code branch pipeline(s) sections vnbe and yebsi values

€
€
e
3
3

m 1 ..: TH7I2EET B4

Yral o

ks

ke

ks

ok

b

ke

Wb FO00* ALt ar bR (1,

Wb TB03T 00" AS L ar bHL T ,

Wb 7 3527680%ASTArbH(T,

vk 02270 AST A DRI L

wmbei( 5 L A753551 b,

mbr{ )= 70, 7117231 00%Astarbui,

ymb#{7)= 133, 4602 5600% AsTarbH(i

m 8= 251, 93327200 Ay .

9)= 476, 5968E400°AzTArbH(1 |
e Ymbei(10) =832 B59931 00 lnl. (i,
if{istep. l)(hﬂ
&\‘D‘( 11"#I i
k« 95000
PoR =
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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

m

e [t Fomat Yew (b

wna 1f Tal
{3
do tfa i g)
: TG et “'E'i"y?udi;:umn.jw
1 1 i)
: et el R
§+{1zysumbranc .i s.il.)
Wm: 1.1, Zdwrsusbranchin(i. ], 2 L2
end do
end 1f
end do

]
end if | end of check for istep »= 3
wned {f | and of check for vardy irown smooth pipe turbulent

woARA AR

Vardy Brown ROUGH pipe turbulent umiteady friction
A1 (vuroght lag. eq. 1) then
pai=2, 0d0*asin{1. 0}

{3
: set vsum(i,1)=0 and vsum({,2)-0 for fast unsteady friction and istep < 1

iF(istep, Te. 3)than
& EC‘ ;Iﬂhl h

m

e [t Fomat Yew tp
\'s—h ?F =] 1=
calewalte Astar, Batar and Kappa + kagn, kags and Tk values here
i {istep. vg. 2then
Determine Astar, Nstar and Kappa for sain pipe section
relrough(i}=roeghness(1)/d(1)

e R (S A e

end
© worfzontal branch caleulacion
©
Af{Cbranchf1ag(1). eq. 1), and. (horzeflag(i}. eq. 1) then
&« j-:."-l?ﬂ!’ S s

Yruumbr an b1 i.]- =0, Bl
vsusbranchbw(1, §, 7)=0. 0d0

E:a\:u‘u Astarbsi, Bstarbi and xappabi + kagrbi amd kagsbi values here
A if{istep. oq. 2)then
€ Detarmine astar, sstar and Kappa for main pipe sections =
c Falroughbn (§, J)=roughnasasbu(f, J) /dbranchtn(f, 1)
Bei(i, §)=0. 01050 (cu E(i,
. h‘:!!:rh’;! 1)=0. !ﬂ;ﬂ'&ﬁl ; R })--n =
e & m&(l fy=0.a1)
" end if
end do | branch 14
gyt ek plpeites
7 wple t min pipetine
E’ activate fast unsteady friction for istep »= 3
e Af(isvep. ge. Mthan
: Set wp for fast umteady friction for different pipe disseters
da i=1, nreaches =

m

e [t Fomat Yew (b -
1
}T"‘muuur«!ﬁ 4)%+2. 0dD) 1=
et et sttt H o .

u&bw‘dhg(() ERLE uwmlqtl) #q. 13 )then

DEaubi(l, 1= rm-vme‘u
- (g"'! 2 0e0)
Parzbranchbn(i, § l
& 01, 1)==2. 0d0) *tx
end do
end if

3
B end do
© work out how many past weights to use
©
#0 =1, nreaches
ke b
ll{ T;_%»lﬂ»ﬂ)»m Corauliy 2. 03, gr. (Tk{])3) Jthen
VE(T

wnd 1t
and do
A1), e, D0 then

LSt

" H"ﬂl( 2. #5.1). and. (horzflag(i). eq. 1)) then
vkboi(i, J)-10
o 01, 93
e end if
e end do
€ CALCULATE FAST UNSTEADY FRICTION VARLABLES
©
hm‘r;"lr“‘wuél ‘g ?E‘ 3}; ‘
L= f ‘ar eal
i, 2)m k(i 3 fare
vzum(i, 1)=0. 0d0
c yum(1,2)=0, 0d0
: Ward code main pipe sections yn, vm and Tk values
nfl)= 4.7m70ncerd0 mstar
= 51, CBOE5] B0+
= 210. B681 6140+ 8: U‘
192 785 2ansna aat
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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

if(istep.
S

:igi__w
g

o =
& 2.
n:' 2 :m e l::l:é;
end da
: section of code for harizontal beanch usre
b do i=1,nreaches
i Af{(branchflag(1).eq.1). and. (horzef lag(1). eq. 1) yrhen
kd do J=1, Timithn
: Tl "‘J'wnwm(:ééé;;g:'&m('il aw
v avbiii, §. 2)=(qbackibranchbu(i, 1, 2)- e snchbai(d 1,253/
* vausbe anchbn(i, j.x)m‘w:‘*“m",s =

_

e [t Fomat Yew (b
waumbranchba(i, §,11-0. 040 [
vsusbe anchinis 12920,

€

€ Hard code branch pipeline(s) sections wnbk and vebi valses

€

1)= 4. 7792667 d0RstarbN(i,

2)= 51, 085631660 acbuli,
210, B6H16 300+ DS arbid |

(4= 763, 02902003+ BSTarbh

49a 2731, 0121900 BsT ar b

B)= 51714551100 DT ar b

© 23500 30 bat ar b

440374, 730004 D5t arbH

10)=1590300. 1780+ st ar b

5.03361 b
6.

S Rune

fai Eéﬁiiﬁii

Af{istep. eq.
fs;“e‘m)):
vhR(j, 11
end if
ii=1,

do b
whnid, n.x)-mt(i h.n-mn(-mg "‘“‘? Lt I8 b, o~

mtj.n.z}-h«cj.n.n-mpf:mﬁ{ M"“&v"&tm-mmu o

Ty

anc 1 -\'ﬂﬂrw: mz:
wgn-::“m" e
i end do
i ond 1f
: wnd do

e [t Fomat Yew (b

- fal

wnd if | end of check for istep >= 3
wred iF 1 and of check for vardy Brown RouGH pipe turbulent

end if ! [ND OF CHECK FOR UNSTEADY FRICTION
MO UNSTEADY FRICTION wefricflage=2

f (usfricflag. eq. 2)then
E set Ysum(f,1)=0 and vsum(i,2}=0 for all isteps

AAR AARAn 6 Aan

(=
3
end o
(3
end iF
(3
{3
c ser slow or fast visco-elasticiey (vi) Flag here
©
sTowvi=2
s Fastvi-l
€ VISCO-ELASTICITY MOGKL - ZIELKK TYFK VEASION 37TH BICONOER 2003
I Af{{viscoflag. eq.1). and. (s 1owvE. #g. 1) )Then
: set imitial values for dordr(i,1)-0 and dordr(i,2)=0
' A gistep, Te. d)then
15, aeaches 5
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Appendix M — Fortran code for BSOLVER and NLFIT subroutines

Activate slow viscoelasticity for istep 7= 4
if(istep. ge.4)then
set up for viscoslasticity for pipes with different diaseters and other properties

dof=1, nreaches
.ﬂ:arv((i]-alm(lj'dh)'hlhnl!!(! . do*vEe 1))

LLLEC T

c
: Set vizi=istep-3
i vizi=istep-3
E Main flow and creep function calculation
: et up for a sultd spring / dashpor melvin vaight system
e do VEdee=1,vExi, 2
I do j=1, reaaches 4
e if(partvisca(i). eq. 1)then
E VEFn{1)=0. 0d0
e do kivel, nusbcvs
[ R
L end do
: e R
dirdr (], 2)=gtror nEul I story (], ((1step-1
L s m“_i; ?;J"fu “‘“;W’!‘E]-&iﬂvl;'
e wnd f | end of part visco check
1 (pareviseal]). eq. chthen =

m

e [t Fomat Yew (b —
. 2
Jerde(1,23-0,0d0
end 11 ITend of mo part visco check

end do
erd do
end if ! end of check for 1step »= 4
&nd of check for viscoflag and slow Tull comolution vi
end if

A oARA A

VISCO-ELASTICITY MODEL - FAST VERSION 16TH DECEMBER 2003
AF(Cwiscof 1ag, g, 1), and. (fastvi, eg.1))then
Ser derdo(i,1)=0 and derdo(i, 2)=0 for visco-slasticity and istep < 3
|fgrug~ 1. lhhn

ELLLEE T

1 wnd if
£ activate fast visco-elasticity for fstep 2= 1 il
5 if(fstep.ge. I)then
: set up for viscoelasticity for pipes with different diameters and other properties
i do =1, nreaches
ParvE(i Yot 2. (133
© set mumber of xelvin voight umits
¥ Zh=rmmbeys:
:-:-u:uun VISCO-TLASTICITY VARTABLES
I da i=1,nreaches
i i {partviscali). eq. 1)then
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end {f | sand of check for part visco
Af wiseali). eq. D)then
it o
derde(d, . 00
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end do o
end if ' end of check for fstep >= 3
end if ! end of check for viscoflagel

SECTION OF CODE FOR VISCO-ELASTICITY AND MOREZONTAL BEANCHES
It (wiscat Tagbs. eq. 1then
set derdebi(i, §,13=0 and derdubn(i, §,2)=0 for visco-elasticity and istep < 3
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1!50aunnihgtt) 2.1} and, (hernt 1ag(1). eq. 1)) then
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