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Abstract
This research compared several unsteady friction models for transient analysis of pipeline system. Unsteady friction is an

important factor for accurate simulation of hydraulic transient. Steady friction, quasi-steady friction, Zielke's model and two
versions of Brunone model were compared with measurement data of identical pipeline conditions. This study showed that
the existing simple steady friction model can be useful for the safer design of pipeline system due to its overestimation of
waterhammer, but introduction of more elaborate models are required for advanced analysis such as inverse transient analysis

of friction or leakage and the preliminary analysis of water quality prediction of water distribution system.
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UWEHE w2 He B9 @S HeiAe Y Ay o2 It 547 ex9 ¥ge 37 @i (water
O} g Eo] YALE SEES 2F Av|AofA HAF o Z ¢ hammer) 22 ¢ei I 9] ¢F=jnte] Ay} oAt
HobA Taoks AeuE gt #ejrt ui- Fasieh S 4oy, o) BREo| et EAE o1 4= et wt
15 8l e ellAY A A o *HF—T'*Q] ZhA], Hol Aeol maE w2 4 @99 A71A o
&2 Qg LEEY FY WA, TR Qg A f= WshE g Mt ofual, A o] F43 Mzt o]
WA 5 Ao A=4< |7t BeAolnt, o]F S8 Sho] of|7]%] g2 ARILE E{ste] A E]ojof g}, Uy
= A ellA Y] et =AY Al A B0 QAR B0l o3t WA= HoldElolo Ao
FQashy, o]l gt BaxARl Ao HE XolA el Hal Adgt tiulE okR] Xt g, olF Heks]
dojuh= E9 S4S RS FA1 =2ishy a4 Qall, AaWE, PEes|HE Aojx] €A, e =
A3 AAREA A WA E = AE 7R T 2ol 2o A B B FA7F R &9
(Chaudhry 1987, Wyile £} Streeter 1993). =31 Itk Boulos et al. 2005).

*Corresponding author  Tel: 051-510-2479, Fax: 051-514-9574, E-mail: kimsangh@pusan.ac.kr(Kim, S.H.)

657 |——



Journal of Korean Society of Water and Wastewater
Vol.22. No6. pp. 657-664 December. 2008

S

Cset £ET OFEES Teis 2y

0|7 =olof AT

r
r

——] es8

o & H

Fig. 1. Characteristic lines in Method of Characteristics.
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2.1. EMM gH(Method of Characteristics)

BzolAe] 2o Mol A5E Tjo) AelAlHo]
Agpnlelel £5% HANAE A8, 139 A%
= Aol A7} B7ke] SeRso] thex et 2

2 HulE B (2)9 FHE YHEE 5= o
(Chaudhry 1987).

P 2 2
H+a Q:

ot gA a0 @
20 oL
7t+gA7X+RQIQI=O ©)

ol7)4, RE f/(2DA), He 4%, Q= #% D: Y
o oltt, E3E fi= Darcy—Weisbach WHHAG: a= 5
AuE e o= SEVIEE, A= BEddo|nt, 4 O
Al @F 2dsto] AR dHlY fF Q & F H
2 o]0zl EAAA A4S 4] Q) 2ol f =T 4= St
(Wylie2} Streeter, 1993).
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(characteristic line)doll A%t f-&8}A 2-g-E]ojxIt}, o]
g E4WAIE wEs7] el = Courant 274 & Ax=
+aAt o BA7} A= ook K (Chaudry, 1987; Wylie
2} Streeter, 1993).
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Fig. 1914 Hojxj= AP 9} BP A& whe} Z2E o)z},
Fig. 1014 B3 Pell th3t 27119) 27841 o2&t ot
QP: Cp - C.Hp (4)
Qp= Cn+ C.Hp 6)]
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2.2. BHZ 0aete 1y

thee] Holw AL A@)0] RaHE AdtsRzt] HAHF
gol AgolA EEE 5 4 BT h)S 2esiel,
Darcy~Weisbach BFHA(OWHS A §3to] SEshomy

>~

d

h= g;gy' 2 gHlatqirt ojet e HIHE =A% &
O 32 2A ke Ao 2 Hojal= HAo= Zgst
L, Asketk do|Ro] mojoji= 3HA|E 71X 3l Qlth(Bergant
2] 2001; Bolus®] 2005). waba], & Atofil= HolF 2
o5 ot B vpzkelat o] o AAE 1A

wge Arjgstel thaat 2ol Uerict,

2.2.1, Ht MAMEY D2 S (Quasi-steady Friction Model)
Darcy—Weisbach "}2HA|4== MoodyA %ol w2H
Reynolds=¢} #29] 2&=9| gheg Ueidth 131‘%
Moody A%} B]AdE Q] BAl= et AAFAQL
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Ao g2 = SFIA(Re<2000)904= = Re 7} dut
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1983).
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A BT ByS HlegooA ey er g3 4

3o 2ABH] Hit 45o] hEa o] EHTI,
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A71A, Jo & No = 242 1st &} 2nd FE| 2] Bessel &<~
£ YulsiH, G, Coe 54T AAXACREE AAQH=
o]t
S F = ohaa 22 g9 = e s Felof
gkt Axtolnt,

Ho =1/p - 2p/ox 13)

“wivsm—2 (14)

A7NA, ji2)=z - Jo2)/ S22 FHE= HE 12} Bessel
ol Vig= Al(12)Y F7RIR EEEE a5
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A(14)E FFoHTS 3ot e o] A vhe-
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w(®) = %” v+ 22 /0—<u> W(t-u)du (15)
71, W theat 2e BA AZHD9] 71 4ol
ct.
-V
TR (16)

wjul AT ela} £A 0 P kot o] LR,
hr= — am

E|o] Yie] Al £AU5EY A
g c}oz}ﬂo ol

he(t) = ha(D+ha(t) 18)
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o},
16v

he(t) = 7/0*(11) W(t-uwdu (19)
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Fig. 2. Experimental setup for simulating hydraulic transient.
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Fig. 5. Normalized pressure variations of hydraulic transient by
experiment, and Brunone model of k version.
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S HlelA e 7SA7E SR HF s 54
Holi Qlek. ofi= Zielke®] 1 (1968)9] f=2HgollA
Z%H Bessel 30| SACR 7|QE o2 dEy, A4
ﬂiilh HPERRke] Hdavtet vEo] F7H<l 713kl

AL S-S YERHIL Qlek 53], Ak Wikt

o] F71AE - mhe] o] mlagt YA Holi e A
< HE SF *JEHOV\]”} = 7HEEOIU AE 7R3l
B od3ke g 2 gl FRsAlS HojFEa Q)
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Fig. 7. Comparisons of normalized pressure variations of hydraulic
fransient by experiment, and various models.

4.3. Brunone?| U3 J7t&E HEo Ro|

Brunone®] =715 E5H A9 R0 1 RS
9 A o mgol Frtste] =22 mojgt AutE
Brunone 2oz} gelstar, WA Aot A Auto] vl
gt A3HE Fig. 50 =453t 2,.2.38 0| 7]=HHL,
Brounone 2¥-2 BAGAS kE AR 73-9-¢t #i(kp)at £
o) S ARESE 7497 QlTh. Fig. 5= k2 AMSSH 495 A
A} B3l 0|5 Joukowsky $ULE A1El510]
=259tk Fig, 59 2AHA S «=0, 034594 A=

Bergant 5(2001)¢f <J3] A¢tE FHE & Aol «
=0.0682 2 AtollA HAFE gholoh, A¥ ]9}94 H|al=
Bergant 5(2001)2] x=0.03457} ':%%4 FE Hds]
WAFSHR] HSFAL Q5-& HolFaL QAL o] A7) A|AH 9

E0 E}ﬂ e = A AUWE}. AA 2 Bergant
50019 AEIY2 Zo|7} 37.23m=E £ A4 AME-
o g 42% olm Z}AE 7R A E ARERE 137
o g B Ao ARAZIIEAlTE 2kl 7} Qlek aEu 2

Table 1. Sum of residual squares and Pearson's correlation
coefficient between measured and modeled pressure

time series
Sum of Residual? |Pearson's Cor. Coeffi
Measured 0.0000 1.0000
Steady 0.0530 0.9751
Quasi 0.0336 0.9704
Zielke 0.0117 0.9669
Brunone 1 0.0273 0.9515
Brunone 2 0.0375 0.9014
Brunone 3 0.0095 0.9788
* Brunone 1 k=0.0345, Brunone 2 : k=0.068, Brunone 3 : k1=0.01
k2=0.068
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