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Article Type Transient phenomena, especially water hammer, are among the fundamental challenges in fluid transmission
Original Research systems, causing damage to water distribution networks due to severe pressure fluctuations. In this research,

transient flow behavior was modeled by simultaneously considering viscoelasticity and unsteady friction. Given the
effectiveness of the Kelvin—Voigt model for plastic pipes, this model was implemented in MATLAB and calibrated
with experimental data. The innovation is an optimization framework based on the genetic algorithm for
simultaneous calibration of viscoelastic parameters, including coefficients 6 and a, creep compliance (J), retardation
time (t), wave speed (a), and the number of spring—dashpot elements. Results showed that the model achieves low
RMSE values (0.2320 and 0.4315 for flow rates of 1.06 and 2 L/s), confirming high accuracy in reproducing transient
flow behavior. Increasing o and J improved agreement between numerical and experimental results. Parameter
interaction analysis determined optimal 0 and element number as 0.8 and 2 units, respectively. The retardation time
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Table 1 Classification of studies conducted in the field of transient flow
in viscoelastic pipes

The most important
topics examined
Development of

viscoelastic models,

nonlinear behavior,
combination models and
creep effects

Research focus Selected references

Viscoelastic modeling [YY,)V 00 ,4,Y]

Cavitation and two-phase Modeling cavitation,
B [Y¥'V,Y4,YA ,YF \F )] cavitation flow and two-
flow .
phase behavior

Analysis of wave
attenuation, transient
friction, wave reflection
and energy absorption
Parameter estimation,
sensitivity analysis,
optimal design and
model calibration
Leak detection, pressure
analysis and inverse

Wave damping and

) S [F-,¥F, ¥ ,YY]
transient friction

Calibration and
optimization of
parameters

[0+, F5 ,£0 )]

Leak detection and [¥R W0 VY ¥

lysi
ERELEE methods
Structure-Fluid %] Fluid-structure
Interaction interaction analysis
Development of
N ical methods and
umericalmetiods an [YY A WY numerical models and

engineering applications
& e water hammer control
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Table 2 Key points summary matrix
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references

modeling attenuationcalibrationdetection
[\/] * *
D] * *
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Table 3 Determining the coefficients CP1, CP2, CN1 and CN2
Steady state friction (‘)

Frictionless CP1'=CP2'=0 CN1'=CN2'=0

CP1' = -RAt|Q_(i-1,-1) | CN1' =-RAt|Q_(i+1,j-1) |
First-order friction  Q (i-1,j-1) Q (i+1,j-1)

CP1' =0 CN1' =0
Second-order friction CP1' =0 CN1' =0

| | CP2'=-RAt|Q_(i-1,j-1) CN2'=-RAt|Q_(i+1,j-1)
Unsteady state friction (" ")

No non-permanent
friction
CP1"=k""6Q_(ij-1)- k' (1-6)(Q_(i-1,j-1)-Q (i-1,j-2)-k*' SGN(Q_(i-1,j-1) )|Q_(i}-
[ (1)-Q(-1-1

CN1"=k'8Q_(i,j-1)- k' (1-6)(Q_(i+1,j-1)-Q_(i+1,j-2)-k*" SGN(Q_(i+1,j-1))|Q_(ij-
| (1)-Q(i+1j-1

CP2 "=CN2"=k'@

Viscoelastic behavior of the pipe wall (" ' ")

CP1"=CP2"=0 CN1"=CN2"=0

CP1"'=CP2"'= 0 CN1"'=CN2"' =0

CP1™'=-CN1""'=-2aAAtY,_(K=1)"(n_KV): [-C_0

J_k/At(1-e”((-At)/t_k) ) H_(i,j-1)+C_0 ]_k/Ate”((-

At)/t k) (H_(i,j-1)-H_(1,0) )- e ((-At) /t_k ) /t_k e_rk(ij-
Linear viscoelastic 1) ]

CP2'"=CN2"'= 2aAAtY_(K=1)"(n_K

e’ ((-Ay)/t k)]

CO0=(a0 DO Y)/(2€0)

Linear elastic
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Table 5 Optimal parameters for flow rate 1.06 liters/second
Re time Wave speed Nuber of
(T) (@ element
0/8 0/9 1078 0/454 77/6 2

Factor 8 Factor a Factor creep (J)

solie glp g (g3 a.:Lu dulio laged ¥ JSUb 5
RO W) 03)9T 0 Jg= slayial,bs

11

10F ——&—— experimental
——e—— numerical

H (m)

3k L ! ) 1 L

0 1 2 3

t(s)

-
W
E

2y VeE (03 5 (533 @Lu 9 S @Lu duolio Hlages VW JSi
Fig. 3 Comparison chart of experimental results and numerical results
at a flow rate of 1.06 liters per second

& b cdite (33 il &5 4l o i ¥ s 2Ll sl
b duglie Bb lgpidel oSl oBiuleil Cliw (2
o o3ls glid (At Jgaz 55 bayial)ly 51 S yo diga u3lio
G 429 b (RMSE) s wlaye ouSile Hiz jlude .l

38le +JEV10 il T Jeaz sloylaie

4l ¥ o sl dae sloytely T g
Table 6 Optimal parameters for flow rate 2 liters/second
Retime Wave speed Nuber of
() (@) element
0/825 0/9 1078 0/959 77/2 2

Factor 8 Factor a Factor creep (J)
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Table 4 Maximum and minimum values along with step length and
number of states for each parameter

Parameters min max Step length ~ Number of states
Factor 0 0/8 0/9 0/005 21
Factor o 0/1 0/9 0/01 81

Factor creep (J) 10711 108 4/995x1071% 21
Re time (1) 0/05 5 0/1010 50
Wave speed (a) 75/8 77/6 0/2 10
Nuber of element 1 10 1 10
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3D Scatter Plot from Excel Data
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Fig. 4(b) 3D contour for a flow rate of 2 liters/second
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Fig. 4 Comparison chart of experimental results and numerical results
at a flow rate of 2 liters per second
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Fig. 9 Comparison chart of the average RMSE value of the factor o
in different cases for a flow rate of 1.06 liters per second.
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Fig. 10 Comparison chart of the average RMSE value of the factor a
in different cases for a flow rate of 2 liters per second.
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