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Water hammer with column separation in viscoelastic pipes
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The purpose of this paper is analyzing the effect of valve closure time on water hammer phenomenon with column

separation in viscoelastic pipes by experiment and numerical solution based on the Discrete Free Gas Model. The

results are following: (1) Duration of column separation, pressure spike, water hammer pressure and superposition

pressure increase linearly with a decrease of valve closure time. (2) The velocity of the tip of the cavity at collapse is

bigger than the one at occurrence. (3) There are little differences between the results of numerical solution with linear

interpolation and with curved interpolation in characteristic method, if Courant number is near 0.7 and dividing

number of pipe length is bigger than 100. And both agree with the experimental results except pressure spike.
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Fig.l1 Schematic diagram of experimental setup

Table.1 Experimental condition

L mm 33765 T S 0.164
D mm 12 P, kPa 199.4
0 mm 2 P, kPa Py
E, MPa 889 p kg/m’ 999.1
E, MPa 613 a, m/s 320
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Fig.2 3-element Voigt model for viscoelastic pipe wall
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Fig.3 Photos of column separation after valve closing
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Fig.4 Pressure time history at some points in Fig.1(7,=0.2[s])
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Fig.5 Detail of pressure spike (7,=0.2[s])
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Fig.6  Effect of valve closure time on column separation

ETIVTEMRAE L 3 RINFOZIXIZEA ERL, £
HHHANL VEERODTKESHT S 2 LS FHTE 5.

HIRE « ABFFE DO — 1% JST, CREST (2010 4EJ) DB K
OV K 2 R 8 A 7R B S Bk GRAE R 5 2010A-606)
&2 CEM L.

Z2 & X

(1) M.H.Chaudhry, “Applied Hydraulic Transients”, Van
Nostrand Reinhold Company, p.286 (1979)

(2) H.Takakoshi, S.Fukumoto, R.Yamamoto, K. Yamamoto, “On
Maximum Pressure of Water Hammer with Column
Separation”, The 5th JSME-KSME Engineering Conference,
Nov. 12-21 (2002)

(3) RPN, HARIEEZ, “REMEEEEZ b o o HEE R O
BRFME”, FHHIE BRI S ER U, 6-3,201/209 (1970)



