YYI-Y+V amis [F o,leis [F 055 INVAY Jlo [boo,Lis g Lo jlu Sl

& . 0/ 4 &
Soslosb o/b./(w%u/df“uﬁ J/

.

L

”/”Ca l; Iy

S 5oy i 0 oy lojod g o5 4y o5 Lbgols 1 LU 98 4 pd (owyp

T1T i) SO g "ol 5 Lo e S goont sast oo Luyly ol
293U olEIIS ¢y po ikt SASEINS (it ] okt y S (G gmiiail '
958U oINS (o ot mrdigeo oSS (Ll ¥
J9930 593l (g (iriuo olEID (gl pot msdigeo 0SS « )y Sbias! T
WA/ VY o0y go b YA N8 2 K550 g, A YAY/F/ A il o 5o )b

ouS

o b aS o e ;S00S0 & S Sge & 1) oy W i Lo 590 98 (el 4y 0B oy o o5 (Ui o
$)Lad slagge Sjgo @ &S a3 oo £ E98 pd Wigh Wgie (SSL Ojge 4 (6m 095 Slacasy STl 09d el 5L 300
Gyl @iz cpl 5l Bas 5ed o pianms 51521 50 (605 Hls slo i el Sz gds Codazge (ol 05 o ol bie 5 oo
Sy Sy SWSL Wy lide sl I (86 Bale s 0lyz (ow)p 9 B8l Sl 55 (6w sy e g S Shos
Ll o¥olas b wdls ol 55 JBwle é 0lyz oyt 6l el JE 0l e Sl 33 (6w Sloenn 05,5 3,Skas 5 e
ol oS J plozer Sygo a5 S 5 K0S Ly gl Jlail gos g ey 2 o5 Lally 0l z Silg s I ol dasiiie
il alie gy a5 Jloj wad Jol> mls 4 azg b .cd 5 13 ) 0,50 e j1381 05 50 (goae Jow 5l eolaul b pgee
o) sloores JS SlSL i cdlo 4 s lacay pl5 & 8 (g3 &g, il oo il Bl Cs 3 pitene LS
e &2 (Golite 3B ey 51 S y0 55 plS 4 I LUl 53 055 00 3y s 42 (e 5 St ) (555 (slalid ooy
Ll 00 ey 9 Lo dlol> C.vL.l uut.u‘/,.l as \.\..Su’do o)|5

Aot boglas 748 4y, ¢SS @by ¢ Buile 1ue g B aile b > 5 m oy 05,5 1gudS lalS

Waterhammer caused by intermittent and simultaneously pump failure in pipe systems
including series pump groups

A. Parsasadr®”, A. Ahmadi? , A. Keramat® and B. Lashkarara®
! MSc. Student, Civil Eng. Dept., Shahrood University, Shahrood, Iran
2 Associate Prof., Civil Eng. Dept., Shahrood University, Shahrood, Iran
® Assistant Prof., Civil Eng. Dept., Jundi Shapur University, Dezful, Iran

Abstract

In the large scale pipe systems the use of pump group connected in series is evitable to meet the desired
pressure head. If one or more of the pumps shuts down, water hammer event occurs which manifests in
pressure and rare faction wave, along the pipeline these waves result in huge stresses on the system. In this
regard, this paper aims at investigating the pump stations performance during steady and transient flows, in
which the focus is placed on various possibility of pump failure in a system of pumps in series. The
mathematical model to carry out this research includes continuity and momentum equations (transformed to
two characteristic equations) as well as equations to govern mechanical behavior of pump stations. These
governing relations are numerically solved and programmed in a MATLAB code. The results reveal that the
use of the same pumps leads to larger efficiency compound to using different pumps. Furthermore, if the
pumps shut down one after other, the water hammer pressures remarkably alleviate. The result for this
sequential pump station failure are quantitatively presented and discussed.

Keywords: Series pump station; Steady and transient flow; Pump failure; Water hammer; Method of
Characteristics.
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