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Abstract
Under transient flow condition, the behavior of water conveyance system varies

according to their characteristics. In the present study, the pressure was measured
using a fast and sensitive pressure gauge in Bukan and Piranshahr water
conveyance system. The pressure simulation was conducted using Bentley
Hammer software. The friction head loss was calculated by different methods.
The results showed that Unsteady Vitkovsky method had minimum error
comparing with other methods. Wave velocity increase had direct effect on
maximum pressures while velocity decrease affected minimum pressures. In a
shorter water conveyance system, the reduction of wave velocity had direct effect
on maximum pressure. Destruction to the long conveyance system was more
probable and maximum and minimum pressures occurred during the first period.
Shorter conveyance system had more pressure fluctuations and the minimum
pressure did not occur in the first period. Coincidence of periods happened at the
beginning and continued untill the end of data recording in the longer conveyance
system. However, as time passed by, such coincidence did not occure in shorter
conveyance system.
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Table.1. Characteristics of pump stations and
conveyance system in Bukan & Piranshahr

System Unit Piranshahr Bukan
Pump type Set WKL CP150-
Hmp p 125/ 50-500
Combination Number 1+3 1+2
o. | Active Pump Set 2 2
£ | Discharge Vs 138 264.4
A~ | Pump elevation m 1405.6  1400.2
F’umP & electro motor Ke/m2 6.5 6.53
inertia
Motor rotation Speed rpm 1450 1450
Water level i ti
ater f:ve in suction m 14085 14087
reservoir
D1~scharge~ Collector m 1407.1 14017
axis elevation
Plscharge collector mm 500 500
diameter
. Axis  elevation of
8 | reservoir input to m 1503.8  1473.7
% discharge pipe
8 Static Pressure mH,0 96.2 70.6
§ Dynamic pressure mH,O 101.5 74.63
()
Vi
2 | VP PIESSUTE  mH,0 844 844
8 (relative)
Pipeline Diameter Mm 500 500
Pipeline Length m 6270 870
Pipeline material - DI DI
Number of air valves Set 7 1
Flange diameter-type Set 100- 100-
of air valve double  double
Steel pipe 1100 1100
2| Ductile iron Pipe m/s 1130 1130
o
=§ § Asbestos cement pipe 845
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Fig.1. Project region situation

b aihie Zusd o - JSS

1480 7
1460 A
E
S 1440
N
=
] 1420 +
= /
1400 A
1380 T T T T T T T T \
0 100 200 300 400 500 600 700 800 900
Distance from pump station (m)
Fig.2. Longitudinal profile of Bukan conveyance system
o8 s Jlasl s Job Léy, -Y IS
1520 7
1500 A
~ 1480 -
g
= 1460 -
=
&b 1440 -
2 1420 A
1400 A
1380 T T T T T T
0 1000 2000 3000 4000 5000 6000

Distance from pump station (m)

Fig. 3. Longitudinal profile of Piranshahr conveyance system

3y Jisl b Jib 85 ¥ SS

a26_v+ld_p:0
Os p dt

sz (V)

ﬂd}-‘)—H D‘Cw\jw)b%féf‘&uj)\j\jzx}ﬁg""

-.\:\-::JL"@ G)ﬂ &:\.Cj.wa

Journal of Water and Wastewater

Jbﬁ‘ rjjrsl."CJY:l.u -f-v
63_34;',.‘2&\QY:@g@\ékw\ﬁsd>wjék

Ji}.ﬁuaglﬁ\‘j\ QYJL&AL’JJ}A:JGAUM

a1, b

IRV 2ago ()
dt  pos ds+2DV|V|_0 "M’“()

Vol.29, No. 2, 2018

VFAY Jlo Y s led Y8 5,55



dx.doi.org/10.22093/ww;j.2017.54595.2198

Ohle s ol s Ll o |

Ab ey

At

As

]
]
0 i-1 88 i+1

Fig. 4. Temporal & spatial steps of a point in
characteristics method

loaaite iy, 5 8 51 abis o S 5 o Jol ¥ JSd

) 533 50 el (G5l Can3N @ | g Jsb osls e
D L S FIC S P
a3 sty 1 A= B8 ke o3 ol 4 5 0 pskas A
umwo\h&wn\jmwﬁumu.ﬂ
s aasia 51 (185 0 IS5 Gillae g o Sty ALl
53 slie g5 e Ll 5 sl Ll 8 sheslanal b 5555 o
538 g sl S Slos U Jus ol o] o Gty Cas e

S g aolsl 1355 armlons ) oo b oL

Sl 52 SN SN+l

Fig. 5. Characteristics method gridding
bdasio b4 > gas &L—OJS»Z

b St LS SLas bl e ol s
e (B3l 5 ) Sn 45558 o0 el (552 4 S Lo g
{(Taebi & Chamani 2006) s 54 |ol>

Sl Col dulre g 35, -7-Y

sl 4 SWShasl )5

ol iy 55 oy sl e Sl s
o sl Sl 3t 53 el S e IS 5 5
5L sl b Lyl 515l Qo adsl ol x> 51 oas o)

Journal of Water and Wastewater

G

WoedH, T yiyeo ®o

dt adt 2D dt ¥)
dogdl T yyg Sy ¢

dt adt 2D dt

Sy o bl SVslas s same sl Lol s, 5l sslizad |

L o $leatanS 55

fAt N

(Vpi _VH)"’%(Hpi _Hi—l)+5\/i—l Vi,[=0 C (f)
fAt _

(Vpi _VHI)_%(Hpi _Hi+l)+5Vi+l Via|=0 C (O)

0 5 ¥ OYslao L el plages Joo 5 650 dasl 8 5 sslizal b

Eap)vpf +(EBp - 1Vp, +

(*)

g g fAt
v,+8cp -8, -2V v, =0
(Vo + 50 =21,y -2V, V)

ey 5 o5 i 5L 555 S Cp sBp 5 Ap olis
£l 6 a3 SYLIS L ey mitn o tmin 555
dn 3 sl 55 n ik 3 s s o szt

2sde Jols 5L

a5, -0-Y

E-TPAIC AR NEFVR UEIE PN W NP RN PUDYS
St i 3 Veblian (slatmitn o 5ol bt
Md)b@duquﬂjaﬁnm\fﬁ&bs-t
b)‘)u\_.:uu«i.k_"ujd_ld_.sLS’LAJ('KQL)JJA(},\MJ{‘)L&AJ
33.3@43»2)403? Q‘y.\l&o‘gn.&.ﬁ?

&_ljzo\jwé}é&jjl.gm&yg&»&d\ﬁ

1. . .
Finite Difference

Vol.29, No. 2, 2018

VAV Jle oY ol Y4 6,50



dx.doi.org/10.22093/ww;j.2017.54595.2198

......... wiliceo (olo 4By, (coUe duglio

ﬁ)d.\l&»)‘ablﬁ.’:—a‘bk TR} Qd‘byjj;g&kac\%ﬁ

*
k=S (%)
2
4.1)[’.» Cﬁ")bé

sl Y gleool 2 gl a8 sl 255 (55 Sl g 0 CF

5 Sy gmoies e s sl > gl o C*=0.00476

N 7.41
C SR ()
Re = Re005

C}.a CA.GJ.w 4.3...»[990 -v-¥
tmla VY slae 5l Gag 5 2V 53 sod ) (6l e s

R
a= ! (\Y)
\/ (1+D><C1
(o
P k Exe
Jslas ol 53 S

Dol soo> ¥l J s k‘@u S Py —ema
Sl Culbise s KSL Jyw B ) S o 1o Cred s
(Chaudhry 2014) c..f 4

(T JLi3 —A-Y
St sl Lt s 4y 5L Lt il ol
e 4 S Ll s it Jla headl S 5 Lad (e
S oo oL 1y e 5128 Y gama jLid oS3l Llag
3,5 G‘—ww SP SRR \szjl*i-:’ (s LS 55
Sl sl Jlooms 55 Gossy ol 5 sslinl
L S as Ol PA2TY Jico U g sl 2355 o 3o IS
JLsd o83 ol gad 5 sl st (8 Slatiin L 42 5
ool SLad o3 gama wams o 0I5 i pl 1y Gllae SL e Ve e
ol ol e Yo B Y r g5 JUS L L +F oY Sl g
CAs VY LA i 5 5,05 ST LS B ossume slols 5
Shoslimal L a8 oo ) V/E b L Led Jlasl fors il oo

! Gage pressure
Keller

Journal of Water and Wastewater

Vol.29, No. 2,2018

sslizal (6350 o) Sbs sl ez 5 (ool T Al ) 2 0
ﬁA_l:a.SJJ_asﬁ)‘.ij:.l) dhe (Ghm ‘5"\_»)' ‘5“’(‘@‘5"“ 254l o0
8‘_9)3)‘ng: ol Skl U9 398 (o8 et 0al rli.,g;
o s )5 L el 5l ol Sl

S s S ko3 b Sl el S el !

Sl 1538 SKhol-Y-£-¥
SR ol 1,08 el B Slmss Jse i Sy
Lt s g (g0 2l 0l e Ral5l 0L 2 alad)
S o Ll 1,08 Sa ol s 53 oo Jiits o S e
53 amly laml slad s b 5 28ty bl sLassls b s
6’% 23] \)Jfgf&l:a.o\ J»\}c eSS 6‘)’.‘ oS 6L®JL¢
4 Sl Jule sus oo g5 &l LU Sl Ju 6 5

1+ Min(""Ta_t, B) v)

dslaa ol 53

B4 5a=10000 & Sledg . olejt wiue ,uV

T T S T SCN I SCH e
S8l i 53 ol it s T Sl 5 s 1S s
LS SIlaol ;K05 (5550355 cnl s 4l ol gla sy
S S5 bl s SISl Jpa b oo st ) 3

Sl 23 &) 504

_ fq 4 XD v
f_fq+V|V|[6tia

av
ax

] ()

dilao ol 55 S
et Sl e il £ ol ols Sl Juls F
(ot b o (gl 0ad B 5505 sae el )l
S st g o 0l Lol eV ) D

kKl obx io o5ce wasS Slaj— i Yl oe

VA Lo ¥ o s YA s =



dx.doi.org/10.22093/ww;j.2017.54595.2198

JLLC"“} Q)Eu‘-"}’ Zé)t,J‘ ir

e lth Ol YooY
gz add bibs 655 (e slid Olles Ll 6l
Gl L 5SUS (95 i Il v 5525 Sleay (slaslSnss)
358 et (howe 55 Wb et il (6555 Sy o8]
Ui e 5 5 a8l Bl 5y s by Lt of Slan
33 e 43525 3l OV 28 Coand s 55 (5 6550 5
Jmos s phd ol sz ) 5 SIS (a5 ) st ol e
Gl 0335790 ed 3l Dsg 0 et Bk 4 L SIS 0L >
Jas SO L sl (2l VT (58 i 9 5 (oL
L o 9 Joos VY a5 4 s (2 V/ T ULt o e

By e 2 Y/ VY Lus
co Jlasl b phas olgnl )5 jLid sShasaS plaw gl
5SS ahais o 5 oLl 5o LS ) st o Jore s 0
6t Slabons £S o] Loy ot sl 3y oSz 2l
SLd s 9558 e ool 1580 5 s 5 ) (655 10 5 5me
31 ol shael il ) 5 ymn 5 sl gl s s
J b izl g bgy e 5alie 03 ga3 BLSN L (i )L2S
uL:.é)}_...;..;L?;HyQYL.d\jx_.thé:)h})kc@L;db

2550 O

Jlast oS sl 5 sSIS ) (65 4 5 ot Jlail 51 e
shaes ol&as 03505 95 by Jog sals O3 ous 4 i
g DBl S (gl 45l e s s 5e sl

oLz b 5 es s Jlb Sl oKas] lacasy ' JLs s
Lol ot o ol Ly cod 1B i 5 23155
LS 655 2 gmmeten 3 (sl glavesls 4 -5 o8y
SLailag 5o it S slaosls s o Lassls saccS ot bl
sl 0b 2 S s s Sl Sals JLid 4 by e 4
Loy Gm 0l 2 b 4 o $38 2 sbsl (6l v
o LIS I3, 0l 2 wad s s o ol o | sbes
S ol @ am g b sy n ok il s gy p b 5 s
o= il L/a ol ¥ a4 beosls b (g 505550 0o
ol ggn e Jsl a5 S b L sy ale olo

Journal of Water and Wastewater

3o Juos el o 4z VY ple g bas S
ol sl 4 a5 28 i sy S
x50 gles gl sl i o5 o ot g

RO S

"Laasls a..\.L:SCA.;—W—Y

b..\-:.:S&:«-:j hKT—w.} -Lmt‘,: ‘)L‘ié BE e j‘ R dl.m:)\ 6‘.&#.}‘.}
Hlasd slael &y o Sl p s Y }féLin.ﬁ 53 &S asls
.;ﬁ@@a\i&uMb)m&m)LﬁMpaﬁy

Fig. 6. Data logger & pressure sensor in Bukan
OS5 b g 5 bassls S o -8 IS

Jg.;‘.u‘ﬁ. )W)}M}bb)‘)b.\;lsdﬂj—vw

" BFSL
Data Logger

Vol.29, No. 2, 2018

S
\Fay Jl.w Al QJLO-':I AR 092



dx.doi.org/10.22093/ww;j.2017.54595.2198

......... wiliceo (olo 4By, (coUe duglio

WU o slagles sl 3l s bl S ol sss o3
U i 5B YV U Lo 5 05 sl 2 BVA b Lis 5 30
Il ol amalne il sl 3s, b el gl 436 YAO
S glnls 4 by Gloj B 5 bl sad o 51,38
it 3l 515l 5 s gl Ol skt Gl Aol e
L sl sy b Lz bagle gnls ! 5 solizal b 5 el
wahacs 1) s 5 488 1,5 eglia s 5m Gobol sl i,
ol S Lss s 511580 rr- Sl sy glagsns 2l
SL Gl &) g0t oy 5 55550 (el Olow e
pr s Gl mls plol iy e (LSIUS 5,

Ll "J‘ﬁ J\J.‘J\

S 5 gl -
JUist b shs 3 Jol SLad lie oy - )-F
LSt Sl ot oLl (slog s ool 3l aslizal
Lceaload v 58 5 A Lo JSCa s Slay o 53 (612
Db U oSy Sl Las 48 ams o Lt JSE 95 1) acnslin
Jlasl s o Cos (5 e D2 DUl g (glols S
S 0o 5)Ltd gl 5 el 53k 3 U bl g
ls o3Y ol e slss CtS 5 ate U Lisl s 5l g (512
NG I KU PO W S P | P STR VR O e e
U il 5 BN/ P OS5 s g e (o B 0L
ol (V) 5 ) e e USLa 5 ¥ 5 Y Uslacs) ol st (68551l
S92 0 53 O 3oy (11 SIS S ol a0l @ 65 50
sl 5 51 Jy wles g Joowi 1 Slas SLis 6 2eS o Sa
S 0L a5 SIS el 6l i D s (L85 S
Syl npsdsmml g baSee sl il
Aol oles Sue 8013 s @zt sk b Jlizl b shas
bobs o o 5VL o 5 Jlanl YL jLad 5 me s
il el 8 e

sloesls 5 (2Bl (sloosls gl Slpey ol 93 2 5l
5 b s VO BN (sla IS s 55l 51 Jols
Yo b i 5 oy sl b YA0 b i ool sy ool
sams Lo ST ol s o sl it alonn il g a5l

Journal of Water and Wastewater

D geecies JLail JS 35 5 5SS g 4 g Sl 1 gy
sl oBus g3 505 rda5 b g 05505 oy 1y 03ls O oKz &
ghee Dbl S gl il e s s e glaesls
S asls sa3 s s sBtady (g5ls m als Dllas olasl 51y
13m0 5> Laals shaa .l st sslinal ' Excel 58 5
il 53 653 VYO Leislm 6l 9 4l 55 €503 VA0 5 o8

.&:Aw‘ b))..’

Uas slmo Lol -\ VY

S 5l 5 Jols s 55052 50 Loz o) 2 skt
oSilen ool 2 53 51 5 Jae Sl 5 ol glassls &
Sl n e Sl si e s (MAE) g Lo gL L
Dlan s 3lan glbs o Sile Cand st aslizal (RMSE )l
Sl sad G0 5

_Zis-9 (\Y)
ol 53 &S

sl goadsanlia adlyssls O Jue 4y by meslsS

Cwlrssls

e V) sl 51 aslial U Lallas Slng o 5o5ke  pione

255
2
RMSE = /Z(O—_E) (\Y‘)
n
QTJ)4S

slass l’lﬁdu a L)_:Jn 33 E coud sanliw rx.;‘j e

Cosliosls

(5395 (55 dend VY-
J}@Lﬁ.L‘:‘L:d).LF—J’@ub@jbéum\b@uw}jd‘j
LS 58 s 2550 5 e Ola e sbay Dl g S
Jb)_AJ 5L€MJ§J:M ol ol s o Lﬁf 6\.:5»:\: 3heslaxa
5l e of slassls 5 o 5 gt L2 ol Jorn 4 b e
4.&}3}0 Lqu‘)ﬁ'“ Lf’é‘j 6\.&»:\5\_3 a‘]o.bjo.x.z JE:—;AEXCCI

! Microsoft Excel
Mean Absolute Error

3 Root Mean Square Error

Vol.29, No. 2,2018

5
VFAY Jlo ¥ o5led Y8 550



dx.doi.org/10.22093/wwj.2017.54595.2198

170 -
150 -
1304 |
110 4 |

90 4 |
70 4
504
30-‘\
10_;‘”3:‘

Pressure (mH,0)

Real Data

-10 9 50 100

150 200 250 300
Time(s)

Fig. 8. Pressure changes observed from actual data on discharge collector of Bukan pumping station
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Table 3. Initial periods of Bukan

Duration Proportion to

Half Time of of half first half

period  half period period (Pegzglotgge)
1 3.579344 3.579344
2 4.989544 1.4102 153.82%
3 6.82024 1.830696 95.52%
4 8.456072 1.635832 118.81%
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Table 2. Initial periods of Piranshahr

Duration Proportion to

Half Time of of half first half

period  half period period period
(percentage)
1 12.45306 12.45603
2 23.62041 11.16735 11.51%
3 38.17551 11.5551 7.77%
4 46.34286 11.16735 11.51%
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Fig. 16. Investigating actual and simulated data errors at
initial times in both pump stations
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Table 4. Net difference between maximum and minimum values of the models and actual data (mH,O)

Pump Station Bukan Piranshahr
Time 0-6 0-295 0-24 0-230
Method Max. Min. Max. Min. Max. Min. Max. Min.
Quasi steady -12.81 -1.63 -1.34 -5.78 -4.58 -2.22 -4.58 -5.41
Steady -12.81 -1.64 -1.34 -5.88 -4.56 -2.23 -4.56 -5.55
Unsteady -14.61 0.27 -3.24 -3.36 -14.62 -1.52 -14.62 -1.52
Unsteady-Vitkovsky -13.81 -1.73  -2.64 -3.59 -6.71 -2.11 -6.71 -2.11

(T2 285 sloosls 4 s Jto JBlam 5 j281am Ly slie 5 T5n L Dl S 6 -0J 50>
Table 5. Wave velocity changes in maximum and minimum values of the models and actual data (mH,0)

Pump station Bukan Piranshahr
Time 0-6 0-295 Time 0-6
Wave Wave
Wave velocity changes Max. Min. velocity Max. Min. velocity Max.
changes changes
+5% 165.6 -10.48 165.6 -10.48 182.33 14.2 182.33
-5% 171.5 -10.48 171.5 -10.48 174.88 212 174.88
+10% 175.4 -10.48 175.4 -10.48 193.4 9.9 193.4
-10% 185.5 -10.48 185.5 -10.48 175.2 243 175.2
0% 165.3 -6.35 165.3 -6.35 176.9 16.7 176.9
Actual Data 167.94 -2.76 167.9 -2.76 186.6 18.8 183.6
"+0.5%" 165.6 -9.2 165.6 -9.20
"-0.5%" 165.5 -7.07 165.5 -7.07
"+1%" 164.4 -9.43 164.4 -9.43
"-1%" 163.1 -6.84 163.1 -6.84
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