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! Method of characteristics
2 Cavity

® Cavitation

* Liquid column separation

® Local vapor cavity

‘Ad



Aol 51 ooy Jsb 55 el (e 45 Al oo 03 7S (5, CyammlinslS 6 JSE mbe (sie o>
Aol 5 6ol Usb 45 55, orge 45 w8l o 3| olin yanliyslS 5l ol 0Bl o0l 00 S

Ly, altens 3508 b canliie 0 0,L51 )] g a8 YL 51 alaS o 50 il gy Sl [l JLad o |, Li

Slaid S | ey 090 SYolaa g Ly, pl a5 wdbige oS o p Al

Wl Slhogas SLSL Slpds (ad Gheels g by B 5o Sl JEI laptiacs (oles
s o & b Slilags it ST s SV Lo g g Sl 5] o sl slallas
J ol bl (ISaw I o1 cn i gl a1 5l sl 000 (S g g oS
Wy ol ]y s bl 5 0,8 L o 1) egill wlilas e dlgd (b o pled 280 b b lesige
= S5l ol 9 Cogis j0 AT peeai Bl e by G o g 4520 bl e

a ol adls alg) Lol slaaSid e Jlee Ol wlgioe mle 5 2l g gs8 40
Yds*‘le.l-w dw 50 Lis ol laolSyys op )5 5l (S0 50 Vet Jlo STV o (Jlie lgie
o lel sl i aiols Caws 51y 055 ol a5 Y8 )] salauly 4 a5 ols &) (gl anxls ylins o
205 K00 gazly a4 b JUl g T 59, 51 )b Bl el laasly 5l (SO 50 SzS (g9 (T S a5
o il Colgs j0 g Sy asu o WP 5O 798 Ao oy ol el ol gl ygy0 jLad ol
3y Shles ol ws Sy e a T 2d e g pmiie (2 loygilys 5 (S o Jls & ws
Sylg 190 Goabee ¥V &b (gl ase s jo aid) )5 4 i slo ojler g Lo (o oyl 55 o]

S 0g5 ol oLl 5l eol; slows s Ol Sogl cels g il ol > v‘sw.;_i Aoy, oo el w,S

! Distributed vaporous cavitation
Z Sayano
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! Oigawa
? Penstock
® Collapse

* Kottmann
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! Discrete Vapor Cavity Model
2 Discrete Gas Cavity Model

® Generalized Interface VVaporous Cavitation Model
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Abstract:

Pipe installation is of vital importance in water networks, irrigating networks, water power
plants, nuclear power plants and industrial facilities. But rapid valve closure, sudden pump
and turbin failure will cause massive changes in pressure of liquid inside pipes. If a pipe
network faces an unsteady flow, flow characteristics such as velocity and pressure will
change rapidly which will cause considerable pressure changes at some points. If these
changes lead to pressure decline under the vapor pressure, the liquid inside the pipe will
evaporate and cause the column separation phenomenon. In this condition, standard water
hammer equations wouldn’t be applicable. The purpose of current study was to investigate
the liquid column separation phenomenon and describe different possible aspects for
computational nodes. To achieve this goal, the definitions of water hammer and liquid
column separation were disscused, and then the basic ruling equations of this phenomenon
were expressed in different scenarios. After that, introducing method of characteristics and
numerical integration of the basic equations, numerical GIVCM was provided. This method
use analytical and numerical methods simultaneously for solving integral equations of the
liquid column seperation and is applicable for certain types of pipes and also considers
various reactions between water hammer areas, extended cavitation areas, intermediate
cavities and marginal cavities. The flowchart of the computer program in MATLAB has been
drawn which displays different possible scenarios in computational sections simply. The
pressure diagrams of software in three computational nodes for different initial velocities
presented and compared with experimental results. GIVCM is a combinatorial model and
because the assumed physical model is closer to real physics of the phenomenon, the results
are more realistic and reliable. The results showed that this model can predict liquid column
separation phenomenon very well, especially in two first peaks. With time, the timing of
pressure calculations differs and cause errors in program. One of most important and
affecting factors, is the assumption of steady friction in primary models. So it is suggested
that the influences of nonsteady friction will be considered in future models.

Key Words: Liquid column seperation, Water hammer, Unsteady flow, method of characteristics.
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