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Environment and Water Engineering ol (gwdige § G jlame g@
Vol. 7, No. 4, 2021 Vel oF o)lals Y 090



414

VEee o Sl g plyg e

Liuet copls as Joo 5l Jol> gl cannlio jslatoa,
sads &1, (F) JS 5o solgin Jow b L al. (2010)
sy s 0byz Gos S )led bshs IS4 cnl jo ool
FIO Dby Sz Sy Ges )3 0l 655 Lawgte Sy
e o0 @) s S e UD S g AID VIO
JUl o Jow 098 o0 cdalin IS0 j0 a5 @55 len
sl g Cews il 4 oy iy oo 5 SVl @ oo
e e ol 1y loy Jsb 5o @l b oys3 5l ey O
99 dagi oad ot 0l el e Slin oy
Joe 95 Sglis s 5 039 Jl0 95 (semlie Glbail 51 Joe
e Casdge o oad LSS slaasle S s g oo |
— e 508 g e b golpiin o j0 a8 0,5 caslin
ol DSl JBann g a4 cwl oads LS5 g5
Joe s eoleiiy Joe o e 50 Iyl o sl

0,

b e Liuvetal. (2010) cyoydg aSis

s o 3 % §

] " “

® % @ W we W e

Joe g (o Zww) Liuetal. (2010) sooe Jow oy mle Jloz jeam 10 duw anSs 5l 36 b, gjloans - & S

200 I
! [ |
by H =10 :
= m |
0
. . =0, &=0 | =
£ o=, 5y=0 .
= 100 H0—5m
S,ﬁ&z Sy=0
50
[ |
0 50 100 150 200
X (m)

Sl 3o sl adsl bl 5 Sloolo a0 S

(Livetal. e sl jlaz joam 50 au cusls 5l ok
2010)
Fig. 5 Computational domain and initial conditions
for dam break modeling flow in the presence of four
square obstacles (Liu et al. 2010)

L 7 W @0 ® o

S Sl g DS (55 MOS (z VIO S (& FI0S (Gl H(Eansly Ceos) (g0lgiin

Fig. 6 Simulation of dam break flow in the presence of four-square obstacles obtained from the proposed model
(right side) and Liu et al.”s (2010) numerical model (left side): a) 6.5 s, b) 7.5s, ¢) 8.5 5, and d) 9.5 s after dam
break

VA e g ol ol bl cow JUS
SB35 5 (S D50 ojluilen lapleizle (il 5o
5 (Jlow! j2) wlasd 5 )13 K00, LS oline SIS j5boa
Doz ainll s (Hly 4ml S 0ahi S sS Juo San
e e 4 o3 (bl 4 gzl Sye G S
gl bagialesl o cpizen ol S3b JuSgp ped

Environment and Water Engineering

JTows! yee S yui> 5o —F-1-¥
Jsb Soares and Zech (2008) slo bl slas
G s LYEM T o 5 PP M alayle] JUlS
laiied (V) IS5 Gllae ol Cbly ghie w5 035
sobiiedy S9& JlBys il Ssly 90 azm e SG
O adsl O gl sl @85 18 clSs giloand
ol 5l S sy 8 amy Casoel g +/f M
Glp Kle 6y cops Ol J1E /N M Cwls

Ol o 5 S jlanmes

Vol. 7, No. 4, 2021

4?9

Ve Gl oF o les Y 0,90



Yy

S Sl 31 256 bz o 90 sile e

ASh o po azd) ISy aSl ol a5 glaigSan ol 5L
Yeg-
&S cwl Jb oy pl 005 e 0
PEIEE

< ya Soares and Zech (2008) cui 545,
ol 2 0 1y o
Ol sy Jske 0 L golpriny Joe o

] od...uc\..ﬁ)f

2 Ll ol ghe ddsn @l (A JS8 Gl
S 9V oles o olerion Joo 9 Sz55 5 S5 gunasd
Ve S o7 ol lp bl cwl sy el 51w O
SsS 5 S ol o s 5 B gl oS Sl
sanlin Soares and Zech (2008) ssue Jowo gaScis
Jlossl yed (63959 ;0 (Sgyiun by Jls (sl 0gb oo
aSd o (X =0/Y- m)
Ghn Sed ol o Shn pfile oleriny Jos
Sl Jow YU cds ) lad as 0l o s u&,,.lgj.x,,.m
hey Sl esliul SUlys cnl s ol Rasgy Sl
S Nl a5 0041 0,3 e bax b, 5 sFIYa
A3 o als Al ol &y 1,y Joe

5o Ll sl sais glwans S5

loilel o Cepm ySojluil sl S a5 bl
Sy 00 b Jae Ll 00,5 e ) Ol mhaw ce
Joe bl S oo Gl ) Bes )0 00l (6,505l lavwsie
03,5 siiin #talesl polie 5l Gier g polie goae
Soares and Zech Jos ;5 5, 4,0 S ol g
38 G Seslul slallas 5l wls andl .cwl 5 ias (2008)
Sl y90 3 pgata mw e slaplx
Slod GylBp pae eimes b Pl Cejpu
@y sleobyr (B85 S 2l lad (Sliwgyue
slaple) ,5 ohg GospS sl oS Yol )3 by
el aibce Dple pae Ko LYo S 4l
5 gooe b Jow wmli o bkl pac (5 s a5 Coll
odslive CuSl 3l e ¥ S gloy jo aRislesl slacsls

D9 50
578 slagle; jo Sy Jdgn JBAI s
5 goue lagilwancs o AW o 5 oo i CanSll
Sy a5 oghige edmlie (LS (53555 50 Al

s Ve

O ol 8l e Gl (S i Ghn amy 5o (S8
g Soares and Zech (2008) ;;, aSis (o3 Jaw ;0 o2

56 Botalejl 5o g 005 Sy, BB eoleiiy Joe 50 o2
03NS 1S Fos & S o3l ‘_gh'a@f lawg 5 oddodalice

Environment and Water Engineering

o] s, 5l ol a5 ol aily B ojlwilay agylexs L

S o e
Soares  sla jislo;l (gw) 3,90 Il oY) IS0 Gollas
Ox0 sl ezl slyls Jlows! s 4 and Zech (2008)
Sl 5l (AU by S b bt plaslesr oS 0o
x ¥ M o s sl hug blasle wib o o
Olgieds <N M Jolgd b+ /¥
YD x <o YO M oSl ool gl Joe Cqz

Lol 0l gl Ll
A
bl jo goae Jaw YL g lul a4z b g caband 5
ST obesl SV g atilas 0939 (Sudgame Sloj plE
ol 03g gloy a5 A4 goae Jaw Cds conles
S Sl a8 bl a5 ol lad eaiplxl sl o,y
21 ol Glalrs an3a oS S 285 pogdle +/- VO

y
h,=040m 1.30
~ X
1.00 3.60
1.30 n Gate
le 6.75 0.80 5.00 ol 75
35.80 G
3.(:0 (9)

Soares and Zech (2008) _aKisle;l JUIS slel -V S

JUS adatio mhacs (0 g YU 5l auo (M o s
Fig 7. Experimental channel dimensions (m) (Soares
and Zech 2008): a) Plane view and b) Cross-
section

ol oo bz Sy 5 Bos lasiluand mls
D Gl ez oY = P M Cosdee o Jsb Ll o
Soares and Zech  alKisle;l g goae Joo bV S 4%

el 00 auslie (A) JSo 0 (2008)

@ Jow Comlus 3JUT cg> Soares and Zech (2008)
L) 5, oSl g (L) Cl o aSill bl @Sl olal
Jow o el 00,5 @l Silles ol LS (dies
=AY = /Y0 M) oS slel 4 azgi b o golgrie
Soddye Jae mls boanglie bl 5 Jolee Lo,ds (AX
el canline BB (A) K& 0 a5 4565 jlen 09 alg>
Joe @l b osr glbil eolening Joo iloansd
el Jl= 50 cpl o ks Soares and Zech (2008) soue
185 de Cpedize Joe 5l Cileds (g0l Jow gleadl,y a5

U‘wij)m

Vol. 7, No. 4, 2021

&

\f"uw)af 0) Lo Y 0,99



;YA \f"‘f}-@lﬂ)jf‘)j)ﬂ)

Sgy0un iy CawaVl jo sBislej] jo sasicnd b ead pSejlal G glB e e jebas Ll Lol
Ol Bes ;0 odl GrS bugie Ce w005 WS obe &b UL PN olad ;.3/)? oo FRTyeves;
Als goae slaJae lsaslecwsa  sleesls a5 8y, 0 LS Soares and Zech (2008)

V (m/s) h(m)

0.10

, ' - I 0.00* :
4 5 6 7 x(m) 8 4 5 6 7 x(m) 8

Cuyo S L Soares and Zech (2008) (soas Jow zuls i 5 4 diew bas g (- las « alKislol slas 5o 5lasl sosmsylis
s ZeanSS 3l s Ve S (09 F S (z DS (o F S (L igolpaing Jow mls K6 ,S e La> 5009 335 5

Fig. 8 Water-surface (right side) and velocity (left side) profiles along the central longitudinal street located at y
= 0.2m; Experimental (), Soares and Zech’s (2008) numerical results (dotted and continuous black lines) and
proposed model results (gray line): a) 4 s,b) 55, ¢) 6 s, and d) 10 s after dam break

Joe 5l edalcwsas ooy GlS,> 5 by sl id > 5l sswliamsd Cae i slo,ls o (sl (1) U5 o
Soares and  allisle;l 5 soue polie a4 olpiin  p, ah oae @S 5 (e Cepw) ikl
o tolej] o aSuloggl Ll .ol ooy Zech (2008)  olis solgriws Joo ¢ Soares and Zech (2008)
ablas cews iyl jo LS jeoe Cow Ay Ce s slalo s (SUop o | Ce g lajlo (e ae S Ll salonls
Joe 90 ;0 Gy ooy ol bl (X = /A M) lgi co o oo HLad s Sl 5l Gy O S abley S

Sl QLS e slinl) po plimes goe (ol Copw Jbp Sy e a5 55 cselis

Environment and Water Engineering ol pwdige g S jlame @
\{ c
Vol. 7, No. 4, 2021 VEee ol oF o,leds Y 0,90



2k

S a8 5l SBU Gl o 95 s3le Joe

by xdse oman Sl gl sk Vsl oolis oyl
S OYolas Gas ;0 0dd (6,5 Lawgie Joe j0 45 ooy
5 $93)9 lawsi cddobml SaiS0 .l ouis bl
ST sla 15 (s 58,5 5 sabanlys gl
oS LS)L“"L*-'-“-’ ©8ods 6L¢aJM ,]a...uy ‘5:5944 coli).’?
oS5l 425 po )3 (Sadlax Jdoa by @l ool
» ol e e Gl Kiwsnl e

el T 5 s el By e 5 o slapbls

& 5 Az -F

Py 5 dge p> oS5l esliial b ey cnl o
Yol Jo jshaiedy (goue Jow 3l SVl - s
51U glssl ilutd Cuz GospS slaol somge
T Cono jolatedy o &l mlge jpam o dw S
Sl oot mls b golpainn Jow mli (Jol p5 0
Sl mls e 85 18 aunlie 9,90 dws Jlou!
I T S IV TS
OlSaegh o goae 5 allaljl
12,5 4 559,190 )0 o

Yo Iy Jow gylul ol SYais s by, 3l eolaiwl )
b 50 G 5 Gloy slapls Sl g9d9e (nl 5 000
Sl T @l 5 05 el solerin Joo (ol
Iy Jae «Sis 5 5 50,065 sl Guizmed 003 0
N elB pl g 008 slig cdo g5 il s
WS o0 Sy s odbe |y mlse jpax 0 bz ile e

Sl Sz 5 oSl SVskeo o (Samsd o ele Y
5 oleriny oo o Jod B Glbail coadgiluans
lyel Gilwaned )5 4z (I Raagh plo go0e slaJus
o boye3 5 5l LAU zlael 4z g o cllS 5l il
ol 3l wisu o o Ll el csslis
Ol SRS 5 goman

28l o rals

ol Sl whaw Ldgn o solering Jao mlbs ¥
sy JuBg Lol asisls G:oli.i;.,Lo’] dloolo L @9:5 L§L._l<.\3|

o Je s il e 03438

Loold ay  ow yiwwd
Alas e 0 g pl 0 sadadel g colaiul sleosls

el saa |

Environment and Water Engineering

04r .
} (]n) L - “ (u-")

03 A

02l

o1 OOOOO

[ | |

I | !

O0ood . ;

0oooog x (m)
0'05.5 5.6 5.7 5.8 59
0.4 ,

y (m) g I| (@)

L

03+ X 3 4:’

04 | OOOOO WA
Oooog RN
00doog iy
[ [ o
., | 00000 - x (m)
5

y (m) / - @

x (m)

oo Ooooog N
55 5.6 57 58 59

Joe (@l o Gl 5l s 08 sy slaylo -1 S
(z s Soares and Zech (2008) soae Jow (o o golpins
2Eislesl slaosls

Fig 9. Comparison of velocity vectors at timet=5s:
a) Proposed model, b) Numerical model (Soares and
Zech, 2008), and c) Experimental data

w‘wu\.‘.@ojw)m

Vol. 7, No. 4, 2021

é@w

\f"dtum)'cf 0) Lo Y 0,99



£t

VEee o Sl g plyg e

References

Barrett, R. M. and Berry, T. F. (1994). Templates
for the Solution of Linear Systems: Building
Blocks for Iterative Methods, SIAM,
Philadelphia.

Di Cristo, C., Greco, M., lervolino, M. and
Vacca, A. (2021). Impact Force of a
Geomorphic Dam-Break Wave against an
Obstacle: Effects of Sediment Inertia. Water,
13, 232, 1-20. DOI: 10.3390/w13020232.

Di Cristo, C., Greco, M., Lervolino, M. and
Vacca, A. (2020). Interaction of a dam-break
wave with an obstacle over an erodible
floodplain. J. Hydroinfo., 22(1), 5-19.
DOI:10.2166/hydro.2019.014

Erpicum, S., Archambeau, P., Dewals, B. J.,
Ernst, J. and Pirotton, M. (2009). Dam-break
flow  numerical modeling  considering
structural impacts on buildings. 33 IAHR
Congress:  Water  Engineering for a
Sustainable Environment, Vancouver, British
Columbia, Canada.

Ishigaki, T., Toda, K., and Inoue, K. (2003).
Hydraulic model tests of inundation in urban
area with underground space. Proceedings of
the 30" IAHR Congress AUTh, Greece, B,
487-493.

Issakhov, A. and Zhandaulet, Y. (2021).
Numerical study of dam-break fluid flow
using volume of fluid (VOF) methods for
different angles of inclined planes.
Simulation.
DOI:10.1177/00375497211008497.

Issakhov, A., Zhandaulet, Y., and Nogaeva, A.
(2018). Numerical simulation of dam break
flow for various forms of the obstacle by
VOF method. Int. J. Multiphase Flow, 109,
191-206. DOI:
10.1016/j.ijmultiphaseflow.2018.08.003.

Liang, Q. (2012). A simplified adaptive
Cartesian grid system for solving the 2D
shallow water equations. Int. J. Numer. Meth.
Fluids, 69, 442-458. DOI: 10.1002/fld.2568

Liu, H., Zhou, J. G. and Burrows, R. (2010).
Lattice Boltzmann simulations of the transient
shallow water flows. Adv. Water Resour. 33,
387-396. DOI:
10.1016/j.advwatres.2010.01.005

Environment and Water Engineering

Nania, L. S., Gomez, M. and Dolz, J. (2004).
Experimental study of the dividing flow in
steep street crossings. J. Hydr. Res. 42(4),
406-412. DOI:
10.1080/00221686.2004.9728406

Orlanski, 1. (1976). A simple boundary condition
for unbounded hyperbolic flows. J. Comput.
Phys., 21(3), 251-269. DOI: 10.1016/0021-
9991(76)90023-1

Riviere, N. and Perkins, R. J. (2004).
Supercritical flow in channel intersections. In:
Proceedings of the River Flow Conference,
Greco, M., Carravetta, A., Della Morte, R.
(eds), 2, Balkema, Netherlands, 1073-1078.

Shabayek, S., Steffler, P. and Hicks, F. (2002).
Dynamic model for subcritical combining
flows in channel junctions. J. Hydr. Eng.
128(9), 821-828. DOI: 10.1061/(ASCE)0733-
9429(2002)128:9(821)

Soares-Frazéo, S. and Zech, V. (2008). Dam-
break flow through an idealised city. J.

Hydraul. Res., 46(5), 648-658. DOI:
10.3826/jhr.2008.3164.
Soares-Frazdo, S. and Zech, Y. (2007).

Experimental study of dam break flow against
an isolated obstacle. J. Hydr. Res. 45(Extra
Issue), 27-36. DOLl:
10.1080/00221686.2007.9521830

Stoker, J. J. (1957). Water waves. New York:
Interscience Publishers.

Street, L., Watters, Z. and Vennard, K. (1996).
Elementary Fluid Mechanics. John Wiley &
Sons, New York, 7™ edition.

Xu, X., Jiang, Y. L. and Yu, P. (2021). SPH
simulations of 3D dam-break flow against
various forms of the obstacle: Toward an
optimal design. Ocean Eng., 229, 108-978.
DOI: 10.1016/j.oceaneng.2021.108978

Zheng, C., Gordon, D. and Bennett, -G. D.
(1995). Applied contaminant transport
modelling: theory and practice. Van Nostrand
Reinhold, New York.

Ol o 5 S jlanmes

Vol. 7, No. 4, 2021

&

VEe e b oF ol oV 090


https://doi.org/10.1016/j.oceaneng.2021.108978

7% S ZenS 3l B Gy g 50 gle S

Research Paper

2D Numerical Modeling of Dam Break flow in the Presence of
Obstacles
Hamed Sarveram?!™ and Mehdi Shahrokhi?

Assist. Professor, Department of Civil Engineering, Zanjan Branch, Islamic Azad University, Zanjan, Iran
2Assist. Professor, Department of Civil Engineering, Ghiaseddin Jamshid Kashani University,
Ghazvin, Iran

*Corresponding author: h.sarveram@iauz.ac.ir

Received: April 06, 2021 Revised: June 13, 2021 Accepted: June 16, 2021

Abstract

In this research, a numerical model was developed to simulate dam break flow in the presence of
obstacles. The proposed model approximated the equations of moderately shallow water averaged at
the finite volume method by implicit semi-Lagrangian method and the explicit and four-steps Runge-
Kutta method with the fourth order accuracy was used to departure point determination. Radiation
boundary conditions was applied to open boundaries and the model calculated the wet/dry boundary
automatically. To demonstrate the accuracy of the proposed model, first, the solution obtained by this
model was compared with analytical solution of dam break problem. Results were in good agreement
with analytical solution. Then, the modeling results of dam break flow, in the presence of a square
obstacle and four square obstacles, was compared with other researcher numerical model results.
Finally, modelling results of dam break flow through an idealized city (a square city layout of 5x5
buildings) were investigated. In each experiment, the obstacles were non submerged and aligned with
the approach flow direction. The results showed that the developed model had an acceptable accuracy
at transient flow simulation in complex geometries and could appropriately predict the waves height
and waves celerity caused by a dam break event in the presence of obstacles.
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