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ARTICLE INFORMATION ABSTRACT

Original Research Paper Modelling of flood waves within surface and subsurface network is quite complicated. This complexity is

Received 10 June 2017 mainly with respect to different flow regimes propagation into the sewer network which interact with each

Accepted 16 June 2017 other at connections between underground networks. The main purpose of the present paper is modelling and

Available Online 20 July 2017 hydrodynamic prediction of these types of bore interactions using the shallow water equations. The shallow
water equations are then solved using a second-order accurate HLLC Riemann which is able to model the wave

Keywords: propagation over wet and dry states based upon a combination of particular Riemann wave speeds. Friction

Shallow water equations terms are treated in a separate way within the associated source terms. First, the numerical solver is employed
HLLC Riemann solver

Interacting bores to model the shock and rarefaction waves over the wet and dry states and the achieved numerical results are

Sewer network compared with the exact solution. Then, the effect of friction terms for the one-dimensional dam failure

Navier-Stokes equations propagation over wet and dry bed is considered and the computed results are compared with the STAR-CD
which is a Navier-Stokes solver. Finally, two-dimensional flood wave propagation is modelled within a
rectangular sewage section and the obtained results are validated with the three-dimensional STAR-CD results.
The numerical results demonstrate that the defined numerical solver in both one and two-dimensional provides
very good agreement with the exact solution and Navier-Stokes solver.
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Fig. 2 comparison between results of current model and exact

solution presented by Toro [3] for dam-break over wet bed.

3] 5555 Lawgs oad @) 350 o 5 0l Jo 5l ol zulis duglio 2 JSus
ke s 59y e LSS sl

1
08| exact solution
o == E present model
=06
@
m 045
0.2
0
] 10 20 30 40 50

Length (m}

Fig. 3 comparison between results of current model and exact
solution presented by Toro[3] for dam break over dry bed

[3] 5,55 dawgs oos &Il 585 Jo> g pol> Jow 5| Jol> gl awslie 3 S8
Sis mhas (g5 S eSS 6

7 ol 17 0,53 1396 P Auu)'A.s Llse Fodis


http://journals.modares.ac.ir/article-15-6059-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:12 IRDT on Sunday May 13th 2018

Ve 9 031 )3 i (pams 632393 9 (GRS b HS ATBL yuuds umdldlal P9, )l 0 dlaiwl by MSLS SLdASID ) sl Cl,nl Oy s33e GHw e
025 0.1
N-S 0.08 - = exact solution
LLLLLISINES . mmmEr present model
Eous 20067
2 5004t
0.05 0.02
_____________ 0 :
H
. 35 P 0 10 20 30 40 50
Length (m) Length (m)
ens Fig. 6 comparison between results of current model and exact
@ solution presented by Toro [3] for dam break over dry bed in the
025 middle
N-S [3] 5,5 Lawgs ool «l)l 3o o> 5 pol> Jow 5l Job> mls anslic 6 s

LLLLLISINES

[

Height (m)

0.05F

0 0.5 1 1.5 2 2.5 3 35 4
Length (m)

(b)

0.25

N-S
LLLLLICINES

0151

Ieight (m)

0.05

Length (m)
©

Fig. 7 comparison between results of HLLC SWEs and Navier-Stokes
solution for the case of dam break over a dry bed at a- 0.4, b- 0.6 and c-
08s

Yoo g (wdlJlg! by 4 BaspS slaol c¥olae o mls dulia 7 S
2 S g gy, s CeSS 1 L6 bz G S Gl STl sl
4.:\4 0.8 o) 0.6 ) 0.4 - SLQQL“}

S i & 5 BeepS @] Jow 58 SIasl o 5 b sk slaws
Yol Jo gl anlie 8 S stslons a5 L )3 0.02 4256
sloctes 15 S5 sl s 5 U] i3y & GoaS slon]
Ol YL Bl as e Slawlxe Lailoads ols ylis 4l 0.8 4 0.6 0.4
95 2 53 (blasl g Ll zg0 &5 1> &5 9k & wims oo i |
3575 & S S el Gelate o8 g 039 K0S 4t IS b,
bl @oo 5l Gm Aol (Sidpp o oosry Lronl o el
L ool oglate conle 5 g0 ow Hlwl l38le 5 5 GuSgiwl pgl Yolee
s 1y 355 8l gloy ciS b aS ceul Gee oS ool S¥olas
@ GoepS lao! O¥olee wluly sabarig asly sl olej apo o
Jsb @ 4l S 5l S 5y S glacdls ly wedlJlel Lbs)
St a6 o skl 3l sl oles ol a5 Il 45 sl e
pE 0,5 S SsS Sy jo lul 4l 143 5 ol gl g 4l 145
HB Sy 4 I8l 50 ley cnl waile Fb e > b g Sl (Sl

iy sl 58l (glali=SLe

7 o)l 17 095 1396 e (o0 Suilfo wise

IEWSNE W SN IR WL Ww - 9

SOl a5 oals eols las 38s o i jo (goue o8l mli 6 S o
odds Bymo go¥l g Sid mhe 598 bl Zlael 585 s

R

Siol 8529 Il 48 o w9y (wslas! -5
o 428,55 po SISkl Gl ailyo Lyl 0 42535 (glacyp05] Y
Ao 3 pSginl psl SYsle Jo o zg > Lo Jo il g
Shleheax b i SF G Jo gy LB U 0gd s analie (gaman
Gonns Al 5 Sstl b SY¥olas S mls 99 et Skl
sl e amlios s @ (3530 e lalpd b s bl lEle )
oud ookl YU julen, sue L‘QMI‘ —u,_f Seasl Jaa 5l 8le
YLl sl g M3 Dyge @ S 0 liBle 5 cnl 55 650 Ll ol
S el ol iy pai LS O jso Sl e e g lga b aleS o
Tl 2> by, £55 Sl IRl cnl yo Sl (s glgsl s
15 50 0005 Sl o8 L s 05 o o0litul 05 s e b aall5
ol Bl slxe ax g gloj pl8 el oals oSS (gog0e 5 88l o>
b ol s Jsl Sl s wleads 48,5 L 50 0.01 L iy s
S9zg0 oz 05 o JlE s 0550 S s (55 S CuS
50 5 el o 50 Ol gl ) il g0 310 [2:0.2] plp o Caon yo
SzsS Jla Jlade S GoenS ool Yol Jo 0 5 jhe ey
e i A 5 o Sy e 55,5 L85 00001 ey oo 4 S5
oslical s 256 51 e slocsl a3 ol ol 30 S50 4
aslin 7 S 50 el o 48,5 5 10 0012 i, SlShasl (a5
230 Vol 5w dllg! by & GeseS slaol S¥olae > b
Jsbolan anl o ool SLis agli 08 5 0.6 0.4 claple; o Ssil
oaiaslis a5 Wyl aSh b pewlio cillas guls 098 o0 odnlin 4
0l GagS o] SVl o ab, IS4 Sl &l jle 55 LS
wosbye i 7y Sl 0 BeseS slao] Jue (i lzsl sl
Sglds g3 0gd o a8, S a5 o i alie Ko kel s S
Conly oo 0 5w 0.1 glas )l b Gl poe 9929 4338 Joo b 2> )
3 S8 sl g waled Ll zoe ©j9e @ pbr R cplple sl
sah S i 0005 4l soges 5 B Sk plS s 55 Je
2wl 0.001 5001yl 3 o5 )5 4y oibe B jloe 0> 5 Gloj p5 .l

1 k — & turbulence model
2 VVolume of Fluid

278


http://journals.modares.ac.ir/article-15-6059-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:12 IRDT on Sunday May 13th 2018

U 9 031 jadye s

GAn93 9§30y il 53 Axly s GwIUIZ] G Il o dkiiusl by Msld Sl 13 sl Zlgel Gy 33 53l Se

10

B
E 6
g
= 4
2 -
0
0 2 4 6 8 10

Length (m)

Fig. 9 Initial conditions for flood wave propagation in sewer network
NS Al 1o M zae G5y Sl adsl bl 9 Sl

2

0 - 0 Length (m)

‘Width (m)

Fig. 10 3D initial condition for flood wave propagation in sewer
network

M 4 15 D zgm iF 5l (s s sl Ll 10 JS

2 0byz bl Om oysFr 9% Oley 1F04S ol (i yo 00,
Oy a5 ool sl 595 12068 leoy o cewlel abls Jore
oloy 5o el ol e bz Ayl s S50s iz 5o gl
e 515 (6l o )b 4y gy054s bl o o 4zl glsal t=0.85
i e g lms lel b 0> b OB (glal e 5 03,5 Lib G3gat
540000 5 43 aWlcs ol (gl s sue g Slatlin gl sho olass
el 0.015 iy SIShaol oy paizat ) b5 425,515 3 0.35
Oype @ o 550 0)le0 (o llEl 95 00 30kl S Jlesl sl
Dy en iy yai (19) alal

hy = hy, (hw)y = —(hu),, (hv), = —(hv), 19)
AL aSd 50 D gae Gy laghe saman Giules 12 53
o oS oS ans e L g8Lm Ll l3le s 5l solizl L 1,9 JSii
Sl 55810 5 6l 5 Ll )0 el oads b )5 LSS I8l 5 alwg @
el oo oolawl YU jaleny soe b u}.l......)‘ < sl Joe 5l g8 ow
el o0 ooliiwl 0.5 ol jladie b Jlow o> g, 5l o1 by sl

Sl g 5les ©yg0 @ bolgs o LS jo 8la s ul jo (650l [16]

Height (m)

Width (m)

0 0 - Length (m)

279

025
—N-§

LLLLLISINES

015

Height (m)

0.05

1.5 2 2.5 3 35 4
Length (m)

@)

025

N-3
LALRELICINES

0.15F

Height (m)

005

0 0.5 1 1.5 2 2.5 3 3.5 4
Length (m)

()

0.25

N-S
LELRLICINES

0151

Height (m)

0.05F

0 0.5 1 1.5 2 2.5 3 3.5 4
Length (m)
©)
Fig. 8 comparison between results of HLLC SWEs and Navier-Stokes
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Fig. 12 Navier- Stokes equations 3D results solved by STAR-CD
software for flood wave propagation in rectangular channel over a dry
bed in a- 0.2, b- 0.4, c- 0.6 and d- 0.8s
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