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Extended Abstract

Introduction

With global population growth, industrial development, and the consequences of climate change, freshwater resources
in many regions of the world have experienced a significant decline. According to reputable international reports, over
two billion people live in areas with severe water stress. This crisis has made the search for alternative water sources
and the intelligent management of water reserves a top priority. In this context, Unconventional Water Resources
(UWRs) have emerged as a strategic solution to address water scarcity. These resources encompass a wide range of
technologies and methods that enable the utilization of non-traditional water sources. Despite their high potential,
numerous challenges—including technical limitations, high costs, and social resistance—have hindered their
development. This study aims to provide a comprehensive analysis of the advantages, limitations, and implementation
strategies of UWRs, systematically examining these resources under four main categories: atmospheric water, processed
water, transferred water, and unconventional groundwater.

Materials and Methods

This research employs a systematic review and qualitative content analysis to examine the existing literature on UWRs.
Data were collected from reputable international databases (Scopus, Web of Science, Science Direct) and Persian
databases (Sid, Magiran, Civilica). Search keywords included core concepts related to UWRs, associated technologies,
and implementation challenges. Article selection criteria were based on a defined timeframe (1998-2025) and thematic
scope (technologies, challenges, socio-economic and environmental dimensions). A two-stage screening process was
applied: the first stage involved title and abstract screening, while the second stage assessed full-text articles.
Ultimately, 41 studies with robust methodological quality were selected for final analysis. Extracted data included the
type of UWR, study region, key findings, advantages, and limitations. Findings were synthesized through comparative
tables and analytical evaluation.

Results and Discussion

The findings revealed that UWRs can be classified into four main categories: atmospheric water (including fog/dew
harvesting, cloud seeding, and rainwater collection), processed water (desalinated water, treated wastewater, greywater,
and agricultural drainage water), transferred water (glacial meltwater and virtual water), and unconventional
groundwater (artificial aquifer recharge and fossil water). The optimal choice of resource depends on factors such as
sustainability, cost, environmental considerations, and geographical conditions. Resources like rainwater and greywater
are more sustainable due to their renewability and low operational costs, whereas advanced technologies like
desalination require significant investment. Major challenges include technical limitations, high costs, social resistance,
and governance barriers. However, technological advancements (e.g., nanofiltration), smart policymaking, and
community engagement can help overcome these obstacles. In Iran, successful experiences with treated wastewater and
atmospheric moisture extraction demonstrate the high potential of these resources. Additionally, decentralized treatment
systems and salinity-adapted agriculture can enhance the efficiency of UWR utilization.
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Conclusion

This study demonstrates that UWRs can play a vital complementary role in ensuring water security. Successful
management of these resources requires a fundamental shift in water governance—transitioning from centralized
approaches to participatory models involving the private sector and local communities. Key strategies include
developing low-cost indigenous technologies, establishing flexible standards, implementing educational programs, and
creating long-term monitoring systems. Ultimately, the intelligent integration of UWRs into an Integrated Water
Resources Management (IWRM) framework can ensure water sustainability amid climate change and population
growth. Future research should focus on cost-effective technologies, lifecycle assessments, and international
collaborations.

Keywords: Unconventional water resources, Sustainable water management, Desalination, Treated wastewater, Climate
change, Water security
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Extended Abstract

Introduction

The Karun River, as the longest river in Iran, plays a vital role in the ecosystem and economy of the country's
southwestern region. The area around Ahvaz city, due to its high concentration of human activities and unique
hydrological conditions, has consistently experienced significant morphological changes. This study aims to monitor
changes in the shoreline of the Karun River between 2006 and 2016. Previous research has demonstrated that alterations
in river shorelines can profoundly impact the environment, economic activities, and urban infrastructure. In this context,
remote sensing technology has been recognized as an effective tool for monitoring changes across various temporal and
spatial scales. Combining multi-temporal satellite data with GIS analytical methods, this research provides a detailed
examination of morphological changes in the study area.

Materials and Methods

This study utilized satellite imagery from IKONOS, GeoEye, and Sentinel-2A for the years 2006, 2011, and 2016.
Processing steps included radiometric and atmospheric corrections using the Dark Subtraction model in ENVI 5.3
software. Image quality was enhanced through the Gram-Schmidt fusion method. Image classification was performed
using the Maximum Likelihood algorithm, categorizing pixels into water and non-water classes. Classification accuracy
was assessed using overall accuracy and Kappa coefficient metrics. The study area was divided into northern and
southern sections, with 551 measurement stations established along the shorelines. Shoreline changes were analyzed
using change detection techniques in ArcGIS 10.7.

Results and Discussion

The results indicated classification accuracies of 93.97%, 96.32%, and 91.73% for 2006, 2011, and 2016, respectively,
with Kappa coefficients of 0.94, 0.95, and 0.89. The most significant changes were observed in the northern section and
the eastern bank, reaching 255.8 meters during 2006—2011. The overall trend showed shoreline retreat, with maximum
values of 232 meters in the northern section and 180 meters in the southern section over the ten-year period. Analyses
revealed that the eastern bank experienced the most pronounced changes throughout the study period. These changes
were primarily attributed to a combination of natural factors (e.g., climate variability and flooding) and anthropogenic
influences (e.g., riverside construction and sand mining). The findings of this study align with similar research on other
regional rivers. As noted by Khabazi and Abdollahi (2015), human activities play a significant role in riverine
morphological changes. This study confirms that the eastern bank of the Karun River has undergone substantial
alterations due to higher human activity density. Comparisons with other studies, such as Ahmadzadeh et al. (2021),
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suggest that the change patterns in the Karun River resemble those of other major regional rivers. The use of high-
resolution satellite imagery, as recommended by Woldesemayat and Genovese (2021), also yielded reliable results in this
research.

Conclusion

This study demonstrated that integrating remote sensing data with GIS analytical methods provides a powerful tool for
monitoring riverine changes. The results indicate that the Karun River in the Ahvaz region has undergone significant
morphological changes, necessitating integrated management strategies. The following recommendations are proposed:
Implementing regulations to control destructive human activities within the river’s buffer zone.

Establishing continuous monitoring programs using remote sensing technology.

Restoring the riverine ecosystem through the planting of native vegetation.

Conducting further research on the impact of climate change on river morphology.

This study can serve as a scientific basis for decision-making aimed at preserving the sustainability of the Karun River.
Implementing the proposed measures could mitigate the adverse effects of morphological changes and protect this
valuable aquatic ecosystem.

Keywords: Shoreline change, Remote sensing, Karun River, Maximum Likelihood Classification, GIS
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Extended Abstract

Introduction

Weirs are essential hydraulic structures widely used for flow regulation, water level control in reservoirs, and discharge
measurement. Among various types, the Crump weir stands out due to its simple and cost-effective design, making it
particularly valuable for irrigation channels and water distribution networks. Its unique features, such as reduced sediment
accumulation and adaptability to both free and submerged flow conditions, have attracted significant research interest.
However, a comprehensive analysis of the discharge coefficient and flow patterns under different hydraulic conditions
remains a research gap. This study aims to experimentally and numerically investigate the discharge coefficient of Crump
weirs under free and submerged flow conditions, while evaluating the effects of geometric and hydraulic parameters on
their performance. The findings can contribute to optimizing the design and application of these structures in practical
scenarios.

Materials and Methods

This research employed a combined experimental and numerical approach to analyze flow over Crump weirs. Laboratory
experiments were conducted in a flume measuring 10 m in length, 0.6 m in width, and 1.1 m in height. Four distinct Crump
weir models were tested, with the following specifications:

1. Model M1: Height (P): 0.15 m; Upstream slope: 30°; Downstream slope: 60°

2. Model M2: Height (P): 0.15 m; Upstream slope: 60°; Downstream slope: 30°

3. Model M3: Height (P): 0.15 m; Upstream and downstream slopes: 45° (symmetrical)

4. Model M4: Height (P): 0.20 m; Upstream and downstream slopes: 45° (symmetrical)

Flow rates ranged from 0.03 to 0.05 m?/s, and water depths were measured at multiple points using precision sensors. For
numerical simulation, the study utilized *Flow-3D* software, which solves the Navier-Stokes equations using the finite
volume method. The numerical model was validated against experimental data, with accuracy assessed using RMSE and
MAPE metrics. A grid convergence analysis was performed, leading to the selection of an optimal mesh with 679,800 cells.
The model effectively simulated three-dimensional flow fields, velocity distributions, and pressure profiles around the weir.

Results and Discussion

The results indicated that the discharge coefficient of the Crump weir decreased as the dimensionless hydraulic head-to-
weir height ratio (*Hy/P*) increased. The highest discharge coefficient was observed for Model M4 (0.2 m height, 45° slope)
under both free and submerged flow conditions, while the lowest coefficient corresponded to Model M2 (0.15 m height,
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asymmetric slopes). Symmetrical upstream and downstream slopes improved performance, increasing the discharge
coefficient by approximately 16%. Submerged flow conditions reduced the coefficient by an average of 3.5% compared to
free flow. Flow field analysis revealed counterclockwise vortices downstream of the weir, with weaker intensity under
submerged conditions. Velocity distributions (longitudinal, transverse, and vertical) were significantly influenced by weir
geometry and flow conditions. For instance, Model M4 exhibited the highest longitudinal velocity in free flow, whereas
Model M1 recorded the lowest. Pressure peaks reached 2662 Pa upstream under free flow, but no negative pressures were
observed in submerged conditions. These findings underscore the interplay between weir design and hydraulic performance.

Conclusion

This study demonstrated that the *Flow-3D* numerical model accurately simulates flow over Crump weirs. Key findings
highlighted the impact of weir geometry and flow conditions on the discharge coefficient and flow patterns. Specifically,
weirs with symmetrical slopes exhibited superior performance, while increased hydraulic head reduced the discharge
coefficient. Notable differences in velocity and pressure distributions were observed between free and submerged flows.
These insights provide valuable guidance for optimizing Crump weir designs in practical applications. Future research
could explore additional parameters, such as surface roughness and varying flow rates, to further enhance performance
predictions. The integration of experimental and numerical methods proved effective, offering a robust framework for
similar hydraulic studies.

Keywords: Discharge coefficient, Experimental model, Free flow, Numerical simulation, Submerged flow
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Fig 2. A view of a) the laboratory channel, b) flow depth sensors and c¢) PLC
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Table 1. Geometric characteristics of the Crump weir

Model Structure length (L¢) Height (P) Upstream slope Downstream slope
e (m) (m) (degree) (degree)
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Fig 4. illustrates the computational domain and the boundary conditions applied in the numerical simulation.
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Fig 5. illustrates the error norms of the numerical model in calculating the discharge coefficient
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Fig 8. Changes in flow rate vs. H; in the Crump weirs with different geometries in a) free flow and b) submerged
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Fig 11. Contours of longitudinal velocities in the different weir models in the conditions of a) free flow and b)
submerged flow
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Fig 13. Contours of transverse velocities in the different weir models in the conditions of a) free flow and b)
submerged flow
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Extended Abstract

Introduction

Bridge piers, as critical components of hydraulic structures, are consistently subjected to dynamic water flow forces.
Understanding flow patterns around these piers, particularly under free surface conditions, is essential for predicting
phenomena like scour and structural instability. However, many numerical simulations neglect free surface effects to
reduce computational costs. This study employs Flow-3D v10.0.1 to investigate the impact of free surface
presence/absence on flow characteristics around cylindrical piers at subcritical Froude numbers (0.10—-0.30). The primary
objective is to quantify errors induced by ignoring free surface effects and compare velocity fields, shear stresses, and
vortex patterns between free surface (VOF) and rigid-lid approaches.

Materials and Methods

The study implemented two modeling strategies: Free surface (Volume of Fluid - VOF method) and Rigid-lid (symmetry
boundary condition).

A 4-m long flume with a 0.2-m diameter cylindrical pier was discretized using 1 million structured hexahedral cells
(refined near boundaries). The RNG k-¢ turbulence model solved Reynolds-Averaged Navier-Stokes equations. Model
validation against experimental data from Salaheldin et al. (2004) showed <10% deviation in upstream velocity profiles
and separation lengths. Five Froude number scenarios (0.10—0.30) were simulated with consistent flow depth (0.25 m).
Boundary conditions included no-slip walls and pressure outlets, with timesteps controlled by Courant—Friedrichs—Lewy
stability criteria.

Results and Discussion

Key findings revealed significant free surface influences:

*Water surface deformation: Maximum wave height upstream increased from 0.004 m (Fr=0.10) to 0.029 m (Fr=0.30),
while downstream depression reached 0.0245 m.

*Velocity fields: Downward flow velocities near the pier base were 17% higher in VOF simulations at Fr=0.30.
Horizontal velocity components differed by 20% near the bed.

*Vortex dynamics: Rigid-lid models overestimated downstream separation lengths by 11% due to unaccounted pressure
fluctuations from surface waves.

*Bed shear stress: VOF simulations predicted 15% higher shear stresses, emphasizing free surface effects on near-bed
flow structures.
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Notably, discrepancies intensified at higher Froude numbers (Fr>0.25), with velocity profile variations exceeding 67%
near sidewalls. The rigid-lid approach failed to capture surface-induced vertical velocities and underpredicted horseshoe
vortex intensity by 12—18%.

Conclusion

This study demonstrates that neglecting free surface effects in subcritical flow modeling can introduce substantial errors
(220%) in hydrodynamic parameter predictions. The rigid-lid simplification proved particularly inadequate for Fr>0.25,
where free surface deformations significantly alter flow dynamics. While computational costs for VOF simulations were
35% higher, the improved accuracy justifies its application for pier design in real-world hydraulic conditions. Current
limitations include the 2D-RANS framework's inability to resolve all turbulent scales and the need for finer meshes in
separation zones. Future work should examine 3D free surface interactions with sediment transport mechanisms. These
findings provide critical insights for optimizing numerical modeling protocols in bridge hydraulics and advancing
sustainable pier design methodologies.
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Conflicts of interest

The authors of this article declared no conflict of interest regarding the authorship or publication of this article.

Data availability statement

The datasets are available upon a reasonable request to the corresponding author.

Authors’ contribution

Mehdi Esmaeilzadeh F. and Yasin Aghaee Sh.: Writing, Methodology, Investigation, Data Collection, Software; Mehdi
Esmaeilzadeh F. and Yasin Aghaee Sh.: Analysis, Supervision, Writing — Review & Editing, Data Curation.

Citation: Esmacilzadeh, F., & Aghaee Sh, Y. (2025). Numerical modeling to investigate the effect of the presence or
absence of a free surface on the flow around the cylindrical pier. Technical Strategies in Water Systems, 3(1), 57-71.
https://doi.org/10.30486/TSWS.2025.1208971

Publisher: Islamic Azad University, Isfahan Branch

OA


https://sanad.iau.ir/journal/tsws

B d

& srdilobe yo 58 Lo mly alxo
https://sanad.iau.ir/journal/tsws

YAM-IFFA @ SCog STl LS

VA-BY o ylois cdus 0,95 NFF Lo
https://doi.org/10.30486/TSWS.2025.1208971

@'&#3}!’ aJlio

aly BlbI Gl g ol s 3929 s b 292 iU (w0 (g305 (5l

VECFEIYE Ol

S0 giw!

* Sl (BT il Sy y 0015 o] (G0

2Oyl e sigod ¢ oMl .\l)'] oSl (e e Sy ¢l yos 9 Sl i 04D 4yl pos 04,5

VEE L EITY 0

y.aghace@iaukhsh.ac.ir : Jgtus sdtus g Juos
© The Author (s) 2025

VEFTIYO 16,5550 AR FERVATARR P

oS>

b ol anlllae)s losys oiug 425 ojlsan Slsyoud sloojls 1o Lidlshd Coanl Jods lanl GLLI ol 5 Ui sloasly
o5l zlas b s slailgind sl SlLbl jo aasl slagl > w0 RNG  Siasl Joe jl eolatul b go0e (o3ladoe ;1 solazal
Sz 5 09,8 olael o by goue giludan (Lol Bas gh e axsls, Rigid-lid) o] mlaw 59 5 (Free-surface)
dogy] aslie g odel Cavoty ol 4y ax g5 b .l o] mlaws (500 5 Of5T mhans Gl 50 jo 50 /¥ g /YD /Y VD o))
et s SgldS el S bled 008G b anslie po ol5] e ygau 5 b Gl g0 Sl s /Y 5 <V 09,8 sae b gjladoe o
Ll doyn Ve olT s fygas by b avslie (o ol3T mbaw b b > sl < /¥+ 55,8 sae il b ol 0 ol 4s, by
Lol oyo Ve (giladane 9o j0 < /¥ 59,8 sue slilay a8l aman jo a4y Blibl o 8l asin jo Cepu SSTas Jlaie S

sty 5 Gz Jsb ke eizmad e al3Hl S ke & 0l yz sVl 5o el J5b ol 358 Sae al38
V) g 09,8 calisee slael slp o Jlade g o ls gles ;50085 b og,8 olacl obed o N s e g b g3ldos g0 sl

Cow! M)o

39,8 das «oll mhaws ol mhaws (goman gjldae w@ianl b > 1 guadS slaojly

al BLLI by olj] mlaw 339 pae b 0> Jwb sy 800 Gl Joe (VFF) s Slalis SBT ep o S0y 8 00l faral 0Ll
https://doi.org/10.30486/TSWS.2025.1208971 .AY-Y\ :(M)Y ol slo aileles jo 3 slas pal, . slalgnl

AR

(O5ulys3) Hledal axly ol ol)"I olBisls : yuibb


https://sanad.iau.ir/journal/tsws

w3151 i 0923 pas b 3929 1l oy p gue G5l e Slokd BT 9 oy 8 0005 Jaran!

dedde =)

5> bl ol Mas o5 ol Ghla cnl s alaal aned pskies ojlsan (slibess, L0k 2 s 53 b o3l 65513
L sleal @l g dlaas g pise cpl utls sl 13 (Sant] 0T dlisa 5 slolesy, SOl > ¢lsil (2 ,m
23 e e Ol il 53 edd Bl mlpe 208 e ey Sl e LOT 0385 DL L colg s 5 028 e
Sl 4 o ald wl Sty s gleals S slml o daal 5o 5l 0L SRl 33,8 e 0T Ol 0L ¢S
5035 S > b Cadul G g s S S, BE o5l ST o Bl S S oS - wl Ss s g
ol b~ ol 3 gl 31 .(Aghaee-Shalmani & Hakimzadeh, 2015) 55 S o Slgiws w0l 5l pans glabols s
a3l gl Sl s b 4l o ey s i o ol CdVl e ) 5 00 Ol S e Bl a3l 5
D18l b o 8IS S e 5l e 1 Salys SLE Ll o RS hs 35 STas Olge SIS s
A e 5 ogd e ok iz 3 s a4 2,55 5 S e Gl 4 ) 0L AS e bl | sl 4 ) 0L LS
S 03 IS w pseme JUIS ol 0L Losn s S e S50 sVl G 4 &S 0L ) (ol LS
whOb 53 53 Sl e BT g el sl el JSHs 53 5 AS e 55wl & e 5 oS Ol 2

.(Raudkivi & Ettema, 1983) 5,51 o 352 s ' ool o s S 5 anily slozel

Ol ool ol rL?LS\ e gledde Loy A LJAK,QLAJ sl s bglalsal ol Gl bl ol > Ry Py
Graf & Altinakar (1998) axllas 45 Ol 55 o Lol das 51 aS 540 sy baal Ol bl oL o o s ys (g3date &.AK,L}»)'T
Sy st el e slaasls 5l aslllas 4y Dargahi (1989) 5 Baker (1979) coees 5 S oLl Istiarto (2001)
Launay et .ol Jls, 55 5 (6ol Cadl 31 Sacial (55 2 0y 50 Cdow LOT Soalis 5 slins (ol 6 glacts S

Axstls 0L s b s sliel 5 O Ges @l slul @ ax 5 L lacls S opl 335 ) » w0 al. (2017)

5> el asly BLBI 3 35T alas b 4T a0k o s Sl e Ul O (3l Gl 58 g3 de slagssldute
0L > g3ldie glandlas ;s Aghaee-Shalmani & Hakimzadeh (2015) .3 55 oo 4uiS (s13] gl O s b 0L
s sy pll /Y Ll 0L 58 sde b by s glaal GBI ST e 0y 5 3T e gl Sl 55 10
wasl 0L > g3de 3lJae L 3 Roulund et al. (2005) 55 <= 55 S5 0l > 55! O el O eias OLES
Dop oS ks as W S oLl Sl w s slaslldie s i cpl s S (gleand | gl gl al Gl bl
slowl @L:})C)L:..ubu): s BB las ol /Y S 2SO s 8 sde S SV gl gl s J\j]cld—wg’)ﬁ.l.g

S e
Ol sibwand (3, 5l baggsludae 53 s S (il (sode Oy pma 1) S | 4l GIbI 0L > Kara et al. (2015)
e sy 3 (LES) agy 3 31 0Lyl il s sslizal (ool O hawr 5 53T haws b 0L I 53 8 5 S5 o S
D5 0L 5 30T e b 0L Sl 53 (sl OF Sliaseta 5 O Conad s L3S eslizal 355 Godows 53 (LSM) oo
M@fduﬂjuﬂu\wéu\,iob‘buuo.la]waduub)}up\)}w)fbQﬁjf)‘)s&.ﬁu.abjjﬂbbicla_w

BERT g™ ‘_}.3\5 Sl Cel 45 os g gl L;;uwﬁw;:j.ﬂéu)uu ;Jl;—d_i\b_ Llalie g5 G S, 95 a5

I Horse shoe



‘O)Lo.o;'a dw 0490 s‘f‘f}l{.} @i 6'.044LOLw )é&dbé}g&‘)@

S 53 3 55 S5 wl Slbl oL > g5ldae « Kahraman et al. (2020) .55 8 o 5050, 55 5 wisl ios g5 5]
Glaggsldde a8 33 Ol mls 5 A Sialesl /8 B /Y sy s slael Olaal e s stls sl o O34 N =
S @by 5 ilwans Jue S Stipa et al. (2024) sl 515 e bl AT =L N e O
Golgeday e sls w5 2 (6 el (50 Y 55 (0L ole 5l U g EIS slag e A6 s I ALES)
(rigid-c o oYL 550 51 0T 53 5 eks mlb g mse slaslitl 5 (ol gol5e o Wit S s Sl oes 5 b
Obsl S aile OIS (sladis,; (o il oo ko 5m Sl eslinal 4 das e LA b ol oS eslinad s3T5 5 slid)
S de (e 55 ol UL a8 oty 53 0L ook s 1S Sz e Salos 3lasl o Llhas W 5L |, sl
ol o3l gl 3 Ul plizl 4 55,0 Y e iSTs 5 5 slasl eyl SaEs aldsl 4 536 sl
bl LS e (lila s, Sllalil 5 baest) edzmy 0L~ 3 1) S50 e Slles o3 Shaheed et al. (2025)
S Il sl 5,08 235 e sy b ST 5 Ol skl Wk s rigid-lid Jas S aes e 0L

313 VL Sl 45 81 S o 3lesb | Lol i &l L free-surface Juw

Nasifetal. Ly Gos oS 0L G o3l glaslitle (mls onm 5 ol o Sl 55 0 (9308 4l 3l s
amio G ol pnd b 3 5 e VY Ges s 2o Vrodsb w0 5L JUS L3 0L SO egileans ol s el (2016)
Chen et al. & _dd=s ;5 .Lledd b S Lo i c\a_N 3 e S5 0L clajlsrle cad sl s G5 (65 ses
Sl oz Sgs 5 cals plil WA 555 sl 5 YV 5l sde LSS glailgmal ol G OL 2 (655 (2020)
s i lesT L osll o gl Sle 3035 My Jhs e slacls S lsl T (S5 3 s S eslinul (g3leand
e el bl alie il oy 5 e s (SHhs 5 SLL leand 53 5l Guls asde b oams
Ll SLbI oL > gode 5 ARGLST addlas s sdalice LB Ges 3 ks 5 2alS che S5 G55 sl S
Obm ildde s stk GbI Sl 5 3157 law 0L (o Jalas bl Gta b (glanlllae La0T alio ) gab y3 gl sl
oslizal b ol o 2 Ol andllae 55 ool 4 S & po el OL > ;1;?@@,;15 O P PH S P FCT S PN
> Khosronejad et al. (2019 & 2020) (TANASE et al., 2014) ol sdal Conls b o> o35 3 RNG 2y, 5l
il 5 55 o 0Lz il Gl 1 e N oo 5 o N g slaiss LES Sl eslinad b (g3as axdllas
Ges Ll s S SIS 0L sl o 1y slesle Olisl s S awslis ol 55,8 sde SO s 84S S Gl bl
L sbes w0l 55 Ol bl 0L > g3de 3ldis o Liet al. (2018) sl coss 3550 55 pl gl spolin Jobe Sauci
5 adls sy OF S5 30T mlam (555 (238 St oS esls LS Slabone mls izl , RNG (Saisl Jos 51 slizd

S h S5 Sslize gl SIS

ST o DS 5l Slelne o A (5l 0T L alie 3050 5wl SUBL s 0L = s slagsldde 51 g5k 5o
S ol bl w S plomil ol Tl Gl sl (555 2 2mse Slalllas x5yl 5l 0l a5 5,0
slalsol bl ¢l N Clg.,, L avslin 5 505 Cla.N B8 B s sl o e s glardlas O ST ur_i)\b CUUQ‘ Lo
Lyl i 53 ade Jie 53 O iS5 353 sde Jldie 4 4 55 b gsladde s sl cE.w S e el 53 el el el
o 03 5 3T e b Il 55 s 0l Slasite 5 Sl b e ol Sl pmen LS dal s Sl

6% QW\LMJ;J“ dﬂ CJLQJLHAJJ 6JL~JJAJJ J‘)TCEM&;JEJ‘)QJ—::E ol LUJ‘JJO_}W bj.\}}& ey J\)T

4l



w3151 i 0923 pas b 3929 1l oy p gue G5l e Slokd BT 9 oy 8 0005 Jaran!

£35Sl Jde 55,5 sue auu-jjbvj slegsledas o ’Jid‘*‘u‘gji’)“)" sl i pioman 5 ol el

b bsy 5305 =Y
G4 gilwdde —\-Y

3305 mlaw b (slail sl gy Slbl s waisl ool = sode s3Ldie sl Flow=3D v 10.0.1 51530 o 5 5l candllas ol 53
bl o oS3 Ol3le 553 3 g ge DUl Sl eslinal b sk o (Flow Science, 2011) s esliza N o sk
sl 5l Sl sl (V) UK s 33 8 e eslial (S Jue 1y a3l dagl 5 Wlgn oS alies 3L 3550 (6550 dail 5 5 o
05 5 U (o3, 3l gl s s Ve ol js al 5 e JUK Jsb .l ol enls OLAS 4l Cond e 5 Slwle Ol
sV 3 o Ol oS ol ol Ol il gl s JUS I ol a8 S 13 JUES s o 5l al ab ) sl
(Aghaee-Shalmani & L JUKS Ll I3 51 e Cows ol 55 0L > izeen 5 Ll sdowsy oS Sibane 5 o
plod 3 gl Jlab ol ze v/Y0 Ll s ol badis plad 53 0L 2 Ges 2 V/0 il JUS 5 e Hakimzadeh, 2015)
el o i a5 el e Doty S 5 el o eslial 35 (60 kil ol e /Yl s ol bagslude
Slp S Do ps w0l Bl Ol o B S > 5 Sl Gar 5 5T s 55 4 Jlw e (0550 Ll 2
o 5> OO (53,0 b5 I Rigid-Lid &) sows sl3T mlane (5ladie (51 5 VOF? 55, 51051 mlaw L 0L 2 (3badute
g 503 G 3 @B sy 5o NH o oS > Rigid-Lid 3ludde 53 05l 65,0 b3 ol sl eslinl NI
i o3 ol e Doy 4l gl a5 JUES S 5 Laeslges bagssladite s 3ls o8 o OISl 31 bl s L s
Slaad b calises (guaSld an ol (oade Jde sl ol Sl 5 S soas adde oled 53 UK 53 0L o ccoul sl
S ol Ol b S ad 4B S ks (G o08) LEX 108 5 (husie a$2) 1X 108 (s a58) 5 X 105452
oS 4 Ogehe S Jald Sl S sl BB 8 L s e 5l sl s s st SO R e osls
LaaSod oS15 oS ol 0 plnil (6 mmd 41 uaSed o Ol (a sy cnl Slagssloans sl () JK2) dalaze Jats

AEl (BB eIl Ay el glag e Do lme 53

Bl S gn 5 llons Olds gl 31 Kled (glod ) IS5

Entry _

Fig 1. Schematic view of the pier, numerical domain and pier location

2 Volume of Fluid

7Y



‘O)Lo.o;'a dw 0490 s‘f‘f}l{.} @i 6'.044LOLw )é&dbé}g&‘)@

e g OYsles 5,8 -Y-Y

As oslizel RNG _Saasl gladae 51 SKasl oldde gl 5 oSamal — st SVoles 5l ol s g5lts s
S el el Oy 5 JSS itz slaasly SLBLOL 2 (3ldis ol Lo sla i s 50 RNG Jue i 5
Msas goae = B8 5l (6,8 e 6l 555 o ,Lil Wang (2010)  Salaheldin et al. (2004) El 4 Ol Rpives
© oz g bolle 5 ccnl e sdle sl o 3 sdome 436 V) Gl o8 ke (gledie lnl 3 0l sl gl bt
AT (il Oy St S e sl o T 1 ol Jaul ot e o8 Sk L ssds o L 5 L e
JoS Lo LS 6l 3L 3550 Oles S el SLL slaplS 55 0L o Sl is 0SBl s b e o Sen 5 03
sl 4B Y070 0L 2 (52555 S o (S 53 0L S 5 Sl Ole Jgb a5 L Slisle Ol 51 0L
Sl A8 o Joolm 15 0L Ik Jal 5 ooy Slals Olbee 5100 2 oS e 5L 0 dolee Ly 8 5B VYY Ol ks
L oslsl g gy Sl s ol tash g3de Jde ieons ol 0l eslinud VOF 5, 5l NH s 3l
JS & by e Salaheldin et al. (2004) tass 5l edd ol sl AL EE L gsde Jas 3l Jol mls anlis
5 0l Geo l Slasiis 5 Slabes Ol sl (mwions (sl Sl 0 plnil Dargahi (1989) Kbl
e YY UK Jgb  aalesl Jue s ol st 4§ b s a&alesl i Ll wlis SlS (63555 0L > Cs e
Slaie S oSl e /N0l k3 5 4l e /YN (63555 Ol Bwste o e /Y DL Ges e VO (50
35 AT 5 gode Jie 53 0L W gme 55 U O o Coo e Bl ad) 5 o5 Amlie Sl old Sls b S e
Ol s ol 0l ool (x/D=21,8) 4L cwspml s chie 53 5 (x/D = —0.73,-2.5) &L 3l |3 e 52
o be 3lad X/D = =25 Clabge 55 sl e sdalin wly CsVU s (LFY) IS 55 0Lz Ges 55 U S
Olaeen X/D = —0.73 cxd 50 3 3y g0 odalie dalf,i.ll.aﬂ @L:J 5 ol Pash gsde iledde j3 Lo s
Wl gl s 238 5 0L edias Ol LS S s e S Js 30l Bl oAbyl Je b gas Jue &b
b gsde e a5 s e 0l a3l due L OT Codlastl 5 e o ol 2355 o sdalie (s30e o 53 45 o
Sl B35 5 s Ll e el pl il 038 st ARG LGT i 51 S5 1wl cansVl s el a4l S
St Ssloma 53 (Saidl sladnl b 335wt 03 RANS ladie Ul pde poman 54U ol 55 Sl o2
5 X/D =21 Cxdgn 5o S0 ol ps das e 0L |y al sl 3 U Sy 831 Al go aslie (- Y) S il
Gildte s amlie das o 0L ) (o Gl ALl s L O ol 5 sy Ly IS K2 x/D=28
—o3l pde sa ARLLST 2l b sade ildde 53 Ol Geo o Slavalie 5 035 St e b sln WS s3ue
L ol g3de Jde s JB Gillas sdasOlis maions gl ol 0l plonil alLe3T Jis 53 OF mlaws (slas S
el sl sl 5 VL 5 Ol Ges 53 S s w0 b Aoy V0 B0 Sl e o Sle Ll G
Gl Al L s e bl aU O 53 Ll Jo3 Sl3 8 68 b cnsVL 3 0L Jibr sb (pmes
(Fr=0L,> 55,5 Se O giledds s :lﬂcla.daﬁ-) (a.)&li:jg-};\ on Sl ol G 5 )l s
alie ol Ol Gas s a3le Cld 8 Ol 53505 e ste s o Up 053 o8 il ok 485 1555 Ug / 4/gh)
03 g 3ase LOL = S| aS ol cpl slael pl bl Ws ol /¥ 5 /Y0 /Y N0 /e b sde
Aghaee-Shalmani & ) <l o34 e3sde ol 3 gode b5 AK0lST glagsldie iz ol Slidss
oyl po e .(Hakimzadeh, 2015; Baker, 1979; Dargahi, 1989; Roulund et al., 2005; Salaheldin et al., 2004

slasde 53 gade gilwdde s %’TC)‘“;::’.'J;\).‘Q':‘U"“J" Soloms &S Sl sl as 58 sae 5l es g ol Ol

Al



w3151 i 0923 pas b 3929 1l oy p gue G5l e Slokd BT 9 oy 8 0005 Jaran!

5 S8 bl L5 e odipd ol (58 pl Sl eslinal oy o i 4 &S Fose 3 Kiles S BB Lo S5 S 55 8
s sl Ogin 53 il 0k o3 OLES e SV 53 oozl 350 Ol Slaseiie (1) sl o 1S sl s 55
S odind OL i S O s il 5 a0l cnSte 2 e 2 Ol (03 Q s Ot 5 30 s3ledibe Jled
S Ol Ges 258 e a6l sk cpl glagslede s ol b kB 5 0L > Ges (25,5 0L b gt

sl ol Bl JUS&:‘})‘})JJMWLSJ)))QQJ;—

Salaheldin et al. (2004) ,» gk A&l WL 2l Lags 5 0Lz Ges s (.jls o Jbs s A lis Y Jse
al cws ol (O 4l cwsL (I

020 —T—@ 0.20
1 \ O  x/D=2.1 Exp. ] O x/D=-0.73
_ : Exp.
0.15 0.15 1
: o x/D=8 Exp. g o x/D=-2.5 Exp.
= o010 1 = 0.10 1
\g/ b é(': —x /D=8 Present é @D = ¢ =xD=073
. study N i present study
i E ® E
0.05 T 0.05 t+
] - o wx/D=2.1 E x/D=-2.5
Present study 1 Present study
0.00 A —— 0.00 4= ——t——t—
0 01 02 03 04 05 0.6 -0.1 0 0.1 02 03 04 05 0.6
u (m/s) u (m/s)
(o (A

Fig 2. Comparison of the results of the vertical velocity profile at the flow depth in the present study with the
experimental results reported in (Salaheldin et al., 2004). a) Upstream of the pier, and b) Downstream of the pier

iz glagilwdds gl UK 55 O > Slasein -\ Jyu

Table 1. Flow characteristics in the channel for different modeling

No. of numerical Fr() Q@m¥s) Us(mis) h(m) D (m)

test
Verification A +/+VA AR AT /e
\ e IN% o /Y0 Y
Y /)0 /v AAS /YYE] AL Y
v Y AVE EAYY /Yo Y
¢ Yo VA ALY /Yo Y
0 Y AV EATVN /Yo Y

CJ’U}@L‘& -y

OQﬁQ)LEngTCEWQ\JxH @Mp.:;;jzwlgickwjgg\mﬁ wl Sbl 5oL = e S s
Yl g 5o :\)'Tcla_w alﬂcla.ﬂol.iﬁl.gwuw 05 el ol esls OLES () K5 s oy Ol b1 5l 550 rlixz BE
J}'J:L;a Jl"’-.’.‘ J‘)Tdﬂ.«)z ;JL’L‘)UI@ 4.:\,1 6@@)[&5}%)3)0.&]

4



‘O)Lo.o;'a dw 0490 s‘f‘f}l{.} @i 6LQ¢LOL~»A )é&duéﬁ‘)‘\b}c

S sl a2 BBl O o 13T e i Y S

L
v / \\ o ¥} Free surface

e e e

Flow direction
—_—

Bed

Fig 3. Changes in the free surface of the flow around a cylindrical pier

/N0 Ve ss b slael Gl b cews il 5 cesVU 3 OL L OB e 53 0L sl g Sl (8) IS s
Sl Lol sl o pl) it 05 o sdalie ISl 3 S glailen ol ol asls OLES /5 +/YO /Y
50l O e Ly Lol sl o IS 0l 3T e L1 0l iy o 5 sl 3 S e Ly Rl 558 50
S SL Sk 5wl sl 53 5L RIS L e Al ol 53 ol Gae Gl el 0L U sl
« .(Aghaee-Shalmani & Hakimzadeh, 2015; Salaheldin et al., 2004) wib 4l &yl 53 OL = Ges 53 XS,
Gor SR & e b el sk 3 Tl el Sty 5 LSS Ol sl ) S Gl Sy 3 Gas GRS L e
53 303l g S s sl Cen gl eVl s O cla.d WS 5 iy plie 5pd e sbml S S SLS s S
5 s sae 4 by aly casVU 5 OF e Sl VU o 2y (V) s bl ol 0 €151 (Y) Jsir
Ol el 2o /Y80 OT Sldie 5 355 30 ek 4 bye 5 b iy 53 O Ges %S 5 el e /YAY O llie
RYSEVN-RRYERY-A AtVRRRE S VNN I PRY) PR VA [ SVA DRV ARV e S NV R SV PG P P | o

ol do 3V 5 LA XY /) JUS glasl s Qgﬁwqngc\aﬂolJﬁ;j el aS ol e o/OAVY g o/NYY

Wb Sz ol 5 VU L3 al3T 0L o i -1 S
0.28 ;

Free surface Fr=0.1
------ Free surface Fr=0.15
- - = - Free surface Fr=0.2
= = -Free surface Fr=0.25
--------- Free surface Fr=0.3

027

0.26

0.25 PR R TR e u e

024

Free surface elevation (m)

0.23 1

Fig 4. Changes in free surface level upstream and downstream of the pier

70



e 15T gl 3929 par b 3929 7T (w2 s0ue 3l e Slokd BT 9 oy 8 0005 Jaran!

;|ﬂch.~¢.3l>): b Cwspml g cwdVl yickujl; LonS g i =Y J g

Table 2. Maximum and minimum free-surface level upstream and downstream of the pier in free surface mode

Fr The highest free-surface level The lowest free-surface
at upstream (m) level at downstream (m)
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Table 3. Numerical changes in vertical velocity for different landing numbers in both cases with and without a
free surface

Fr Mode u (mis) u (mfs)
=0.09 m y=0.2 m
\ Rigid-Lid Y\ AAE
/ Free-Surface JARN AMD
\ Rigid-Lid /Yoo AV
" Free-Surface Yiny JAAD
X Rigid-Lid EA ALE
Free-Surface /0N ALY
Yo Rigid-Lid /04 DALY
Free-Surface A YV
- Rigid-Lid Vo YV
Free-Surface CA (/g0

L (Z:00025 m) k_ﬂ.s Q)}teu ):y:() 4._34[;“ u)l}l Bl DL L;L.wbu! d\.l«a J}l& DL k:a.ojw CJ‘J.\&S g(/\) L}.iaj/‘)ﬁ
33,8 o a5 s S 4 Sk ol sl = 'ﬂjck“dj')"-'j Losldas o5 gl al casipul 5 candVL

Slie ol S s o |y e Jlie SO OT 51 e 5 ey o yio 4 a8l EalS Wl 4 00d Sosp s 0L S e

sl arsbosyd o W\J&;q\:}f sl Gl oS Col s Sopsbe s 4l VL s d:..ifﬂ gbfﬂlﬂbw

St polie B aly Coslaes 5o i Slhie 5l S Dl is al Sl 03 5,8 0 Dpsee wl sl 5o el a5, 0L

A



‘O)Lo.»;'é dw 0490 4‘?’?)‘{.} @“’ 6'.@44[.0@4 J° ‘503 ‘SLEQ)*Q‘) 4.1&0

Soslre 53wl el 3 Gl Jgb 0155 e wl iy s e Co s axb g bl wl Sl s Lol s
SLls mlade pl 53 S palie oS a3 e 0L NH o 03 5 L sl 53 5l ol s sl Cds |y e
Sy s Sosle 53wl sl 53 i b ol miy cann s ps Ol e ol oA b o
Rl 353 sl ek 53 5 ol ST e 05 0L 3Lde 51 S5 /10 5 e 58 slel (gl SI5T alan L (3Lt
oSSt sl SV s Sl b el ST e 05y 3L 31 S S ST b b (g3l (51 s
S5 sl o b 3ldite 51 S NH o O S3lde Sl Sl Jsb oS ax ST e e 0L (g3lde g4 5
il b anslis 5o ;ljcb.wuj.p Soldde 53 o Sl g a el Sl 5o S by 5 Sos sl Lo
Lol o3 a5 aab sl gl Sl pde 5wl Sty s Las Dbl 5l L6 Wl e Ul nl o NI oo b

3108 :\;chg\ﬁ:;:ﬁljgf;\,m@\ﬁ:; orl 3l e

Q‘gu:.c :3} slas! ‘5|5|4.3Z=0.0025‘9 y=0 ana:."u)a Jis u.a,ﬁ BE) @G}:‘}Tdﬂ.«&l.lfu bjﬁl S QI,:JG—I\ JS.:

Froude—0.1 Froude—0.15
0.4t . X 0.4 —— Rigid-Lid
ng"l_L":‘! Free-Surface
s Free-Surface 0.3
0.2 0.2
= o1 = o0a
£ £
= =
ot (1]
0.1 0.1
0z 0.2
L \ I 0.3 L -
-2 -1 1] 1 2 -2 -1 o
x(m) x(m)
Froude=0.2 Froude0.25
0.4 0.4 — Ricidlli
—— Rigid-Lid Rigid-Lid
Free-Surface Free-Surface
03 0.3
0z 0z
g 0.1 g 01
= =
=2 =2
o o
o1 0.1
02 0z
2 1 1 2

u(m/s)

oa| ~— Rigid-lid
—— Free-Surface

-0.2

0.3

1

L
-2 -1 o

x(m)

2

Fig 8. Variations of horizontal velocity u of free-surface and rigid-lid flow across the channel at coordinates y=0
and z = 0.0025 for different Froude numbers

£



w3151 i 0923 pas b 3929 1l oy p gue G5l e Slokd BT 9 oy 8 0005 Jaran!

G e -t

E LS el ;tjclgw;,}@,;‘jcbguu 33 53 bl Glaal Gl 0L > ) p a0 ol aadlas o
sde Sl L oS ol 0lis wl Ol bl s Sl o5 ol > ¢l RNG Szesl Jus s RANS 55, L gl 5l ol
o (I e 1l o b (g iy D] ;\jc@gﬂ”ﬂjcbp@uuj\ Jol s Db 3y
S sl 53 (Bl s piamen 5l OB bt s B s e adlpe o OVl il 5o ol 4 o, 0L~
35,8 008 Gl b sl 5o el w5y Ol s e e Sl 5 S LA 0L sl ss Slisle Ol 0O L s
ol & a lls /T s 8 sue gl gldde 33 )5 XY asmie 5 Bl Co e ad go ol Ao 3 VYl 0T
s ges 0L gl oslis Jie 53 53w Soysles 53 0L cewsVU 3 il Jb ol dos Yool 0T Sliis
S ol Ol sy onl Sl Jeol il .@\j:f,ﬁwsg\jcb.ﬂg‘_;;u,uj\ J\)'ch‘db‘jv\{ Sildde Gl Jsb ol Ll
Golde & Lol GBI OL = 1 o 1y placsles Ll e gods glagsladie s :\)'ch.ﬂcxéjfjﬁj); ple

.xs;t?%u\jcu_ﬂp

atf.u...l‘,se’u“w

L dlis pl Sl Ly S 5 b oadaly 5o eile LS g oS L5l e pohel Wl o8
Wosls 4w wd

b S dal 8 Sl s J s sl 5 L 4l b 31 s ool s el eslinl @L:j)l.m;lz
OB s 5 o5l

‘;"'BI w\g )\j)‘fﬁ B aosls 6)}]@.? E) dﬁ":"’-.'. ‘wtv.'zdb}) Q‘J::J)K..! ‘;;w &ui WLA K) gf."'if GJ‘J'J:W‘ ‘54.6.0

aosls (5 oslmer 5 oSS e (il s (ol 5 plasaly (o 1 Slals

cl.:.o
Aghaee-Shalmani, Y., and Hakimzadeh, H. (2015). Investigation of the local scouring pier of the bridge with variable
cross-section. Ph.D. Thesis, Sahand University of Technology, Tabriz, 268p. (In Persian)

Baker, C. J. (1979). The Ilaminar horseshoe vortex. Journal of fluid mechanics, 95(2), 347-367.
https://doi.org/10.1017/S0022112079001506

Chen, S., Zhao, W., & Wan, D. (2020). CFD study of free surface effect on flow around a surface-piercing cylinder.
In ISOPE Pacific/Asia Offshore Mechanics Symposium (pp. ISOPE-P). ISOPE.

Dargahi, B. (1989). The turbulent flow field around a circular cylinder. Experiments in fluids,8, 1-12.
https://doi.org/10.1007/BF00203058

Flow Science, Inc. FLOW-3D® Version 10.0 (Computer software). <https:/www.flow3d.com(2011)

Geng, Y. F., Guo, H. Q., & Ke, X. (2020). The flow characteristics around bridge piers under the impact of a ship. Journal
of Hydrodynamics, 32(6), 1165-1177. https://doi.org/10.1007/s42241-020-0082-5

Graf, W.H. and Altinakar, M.S. (1998). Flow and transport processes in channels of simple geometry. New York, 678P.

Istiarto, 1. (2001). Flow around a cylinder in a scoured channel bed. Lausanne, Switzerland: Ecole Polytechnique
Federale de Lausanne, Master's Thesis, 263p.

Kahraman, R., Riella, M., Tabor, G. R., Ebrahimi, M., Djordjevi¢, S., & Kripakaran, P. (2020). Prediction of flow around
a sharp-nosed bridge pier: influence of the Froude number and free-surface variation on the flow field. Journal of

'


https://doi.org/10.1017/S0022112079001506
https://doi.org/10.1007/s42241-020-0082-5

‘O)Lo.o;) dw 0490 s‘f‘f}l{.} @i 6LQ¢LOL~»A )é&duéﬁ‘)‘\b}c

Hydraulic Research, 58(4), 582-593. https://doi.org/10.1080/00221686.2019.1631223

Kara, S., Kara, M. C,, Stoesser, T., & Sturm, T. W. (2015). Free-surface versus rigid-lid LES computations for bridge-
abutment flow. Journal of Hydraulic Engineering, 141(9), 04015019. https://doi.org/10.1061/(ASCE)HY.1943-
7900.000102

Khosronejad, A., Ghazian Arabi, M., Angelidis, D., Bagherizadeh, E., Flora, K., & Farhadzadeh, A. (2019). Comparative
hydrodynamic study of rigid-lid and level-set methods for LES of open-channel flow. Journal of Hydraulic
Engineering, 145(1), 04018077. https://doi.org/10.1061/(ASCE)HY.1943-7900.0001546

Khosronejad, A., Arabi, M. G., Angelidis, D., Bagherizadeh, E., Flora, K., & Farhadzadeh, A. (2020). A comparative
study of rigid-lid and level-set methods for LES of open-channel flows: Morphodynamics. Environmental Fluid
Mechanics, 20, 145-164. https://doi.org/10.1007/s10652-019-09703-y

Launay, G., Mignot, E., Riviére, N., & Perkins, R. (2017). An experimental investigation of the laminar horseshoe vortex
around an emerging obstacle. Journal of Fluid Mechanics, 830,257-299. https://doi.org/10.1017/jfm.2017.582

Li, D, Yang, Q., Ma, X., & Dai, G. (2018). Free surface characteristics of flow around two side-by-side circular
cylinders. Journal of Marine Science and Engineering, 6(3), 75. https://doi.org/10.3390/jmse6030075

Nasif, G., Balachandar, R., & Barron, R. M. (2016). Mean characteristics of fluid structures in shallow-wake
flows. International Journal of Multiphase Flow, 82, 74-85. https://doi.org/10.1016/j.ijmultiphaseflow.2016.03.001
Raudkivi, A. J., & Ettema, R. (1983). Clear-water scour at cylindrical piers. Journal of hydraulic engineering, 109(3),
338-350. https://doi.org/10.1061/(ASCE)0733-9429(1983)109:3(338)

Roulund, A., Sumer, B. M., Fredsee, J., & Michelsen, J. (2005). Numerical and experimental investigation of flow and
scour around a circular pile. Journal of Fluid mechanics, 534,351-401. https://doi.org/10.1017/S00221120050045079

Salaheldin, T. M., Imran, J., & Chaudhry, M. H. (2004). Numerical modeling of three-dimensional flow field around
circular  piers. Journal of Hydraulic  Engineering, 130(2), 91-100.  https://doi.org/10.1061/(ASCE)0733-
9429(2004)130:2(91)

Shaheed, R., Mohammadian, A., & Shaheed, A. M. (2025). Numerical Simulation of Turbulent Flow in River Bends and
Confluences Using the k-w SST Turbulence Model and Comparison with Standard and Realizable k-¢
Models. Hydrology, 12(6), 145. https://doi.org/10.3390/hydrology 12060145

Stipa, S., Ahmed Khan, M., Allaerts, D., & Brinkerhoff, J. (2024). A large-eddy simulation (LES) model for wind-farm-
induced atmospheric gravity wave effects inside conventionally neutral boundary layers. Wind Energy Science, 9(8),
1647-1668. https://doi.org/10.5194/wes-9-1647-2024, 2024

TANASE, N. O., BROBOANA, D., & BALAN, C. (2014). Flow around an immersed cylinder in the presence of free
surface. Scientific Bulletin, Series D, UPB, 76(2), 259-266.

Wang, J. S. (2010). Flow around a circular cylinder using a finite-volume TVD scheme based on a vector transformation
approach. Journal of Hydrodynamics, Ser. B, 22(2), 221-228. https://doi.org/10.1016/S1001-6058(09)60048-2

\A


https://doi.org/10.1080/00221686.2019.1631223
https://doi.org/10.1061/(ASCE)HY.1943-7900.0001028
https://doi.org/10.1061/(ASCE)HY.1943-7900.0001028
https://doi.org/10.1061/(ASCE)HY.1943-7900.0001546
https://doi.org/10.1017/jfm.2017.582
https://doi.org/10.3390/jmse6030075
https://doi.org/10.1016/j.ijmultiphaseflow.2016.03.001
https://doi.org/10.1061/(ASCE)0733-9429(1983)109:3(338)
https://doi.org/10.1017/S0022112005004507
https://doi.org/10.1061/(ASCE)0733-9429(2004)130:2(91)
https://doi.org/10.1061/(ASCE)0733-9429(2004)130:2(91)
https://doi.org/10.1016/S1001-6058(09)60048-2

Technical Strategies in Water Systems
https://sanad.iau.ir/journal/tsws

ISSN (Online): 2981-1449

Spring 2025: Vol 3, Issue 1, 72-86
https://doi.org/10.30486/TSWS.2025.1209996

¢a‘."‘“°a"'
st ems

7o @ = A
&, v e
,b’egies ‘\\'\‘N&

Research Article
—

Assessment of water quality deterioration trends in Zayandeh Rud River
using the SIAQUA-IPH model

Mohammad Reza Fadaei Tehrani!'”, Mozhgan Mirzaei’

1 Assistant Professor and Faculty Member, Isfahan Higher Education and Research Complex, Niroo Research Institute, Iran.

2 Assistant Professor and Faculty Member, Department of Environmental Engineering and HSE, Daneshjooyan Pishro Non-
profit Higher Education Institute, Isfahan, Iran

Corresponding Author email: mfadaei@nri.ac.ir
© The Author(s) 2025

Received: 06 Apr 2025 Revised: 02 Jun 2025 Accepted: 13 Jul 2025 Published: 16 Jul 2025

Extended Abstract

Introduction

This study investigates the deterioration trends of water quality in the Zayandeh Rud River using the SIAQUA-IPH
model within a GIS environment. As one of the most vital water resources in Iran's central plateau, the Zayandeh Rud
River has been severely impacted by human activities and the discharge of industrial and urban wastewater. The
primary objective of this research is to evaluate the effectiveness of the SIAQUA-IPH model in simulating qualitative
water changes, including parameters such as BOD, DO, nitrate, and phosphate, resulting from point-source pollutants
like the Isfahan Steel Company, Mobarekeh Steel Company, and Polyacryl Iran Corporation. Given the critical
importance of the Zayandeh Rud River for drinking water, agriculture, and industry, assessing its pollution levels and
proposing management strategies is essential.

Materials and Methods

To conduct this research, the river's drainage network was divided into 411 sub-basins using GIS and the STAQUA-
IPH model, with hydrological characteristics extracted using SMADA software. Pollutant concentration data from
seven sampling stations along the river were collected and used as model inputs. Simulations were performed for two
different seasons, and the results were compared with measured data. Model accuracy was evaluated using statistical
metrics, including the correlation coefficient (R?), root mean square error (RMSE), and objective function (Fobj).

Results and Discussion

The simulation results demonstrated that the SIAQUA-IPH model exhibits high precision in predicting BOD and DO
parameters, with correlation coefficients of 0.94 and 0.98, respectively. This high accuracy underscores the model's
capability in simulating organic pollutants and dissolved oxygen. In contrast, the model showed moderate
performance in simulating nitrate and phosphate, with correlation coefficients of 0.60 and 0.66, attributed to the
complex biogeochemical cycles of these elements and their dependence on factors such as temperature, pH, and
microbial activity. Further analysis revealed that the three industrial complexes significantly increase BOD levels (by
approximately 58%) and reduce DO levels (by about 50%) along the river, severely degrading water quality. The
discussion of results highlights the relatively good agreement between observed and simulated data, confirming the
reliability of the STAQUA-IPH model for point-source pollution assessment. These findings align with previous
studies that employed water quality models to simulate oxygen-related parameters and organic pollutants. However,
challenges in modeling nitrate and phosphate mirror those reported in other research, stemming from complex
processes such as nitrification, denitrification, and phosphate adsorption-desorption by sediments and organisms.
Additionally, the recent drying of the Zayandeh Rud River since 2015 has limited more precise modeling,
emphasizing the urgent need for optimized water resource management and pollution control measures.
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Conclusion

In conclusion, this study underscores the importance of integrating GIS tools and simulation models to understand and
predict the impacts of point-source pollution on river water quality. The obtained results can serve as a foundation for
management strategies aimed at reducing pollutant discharge and improving the Zayandeh Rud River's water quality.
Future studies should combine qualitative and quantitative water models while considering the effects of climate
change and recent droughts to develop more comprehensive conservation strategies for this vital river.
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Fig 1. Location of the Zayandeh Rud watershed, the river network, and the monitoring stations
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Fig 2. Simulation results for different pollutants at the upstream section between Pol-e-Kaleh and Lenj stations
during winter (March 5, 2015)
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Fig 3. Simulation results for different pollutants at the upstream section between Pol-e-Kaleh and Lenj stations
during spring (April 7, 2015)
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Table 1. Statistical coefficients for evaluating model performance during the calibration period.

Fobj = RMSE R? Il 5 Juas e
YRR +/A /4 AFAY Olivs s BOD
VAL /0 /A0 VAT Olios DO
o/ +/AA VY VYAY Sl <l
Ve V/EY v /Vo \YAY Olies Slaws
/e Al </AA \Yae e BOD
o/ A AV Yas e DO
et s 4 148l ol s
o/renq VAx3 JAY Va8l Slins

OYagaLine) 5l 5s LAl ool o3 sdome 4l s 3 S gla iie (g3leand — IS

=== DO (Smulated) ====DO (measured)
8
7
- 6
%
—~ 5
=
on 4
g |s
2
1
o]
o] 10 20 30 40 50
(e shS) alols
DO (v
= P04 (Smulated) ====PO04 (measured)
18
16
5 1
12
~
=
= 10
an
g g
=

10 20 30 40

(o 5hS) dols
olaws o

= BOD (simulated) = BOD (measured)

20

. 18

% 16

.

~ 1
=

S @

E 1w
=

8

6

a

2

0

o 10 20 30 50
(o sls) alols
BOD (.l
=== NO3 (simulated) == NO3 (measured)
25
: 20 X
.

= 15
=
on

g 10

5

o

o 10 20 30 50
ol s (C

Fig 4. Simulation results for qualitative variables at the upstream section between Pol-e-Kaleh and Lenj stations
during autumn (November 5, 2015)
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Extended Abstract
Introduction

In the design of engineering systems such as water conveyance channels, minimizing construction costs and maximizing
efficiency are of paramount importance. A key challenge in designing open channels is reducing the risk of flow overflow.
Composite channels, which feature varying side slopes or non-uniform roughness coefficients on different surfaces, are
widely used due to their design flexibility. This study investigates the optimization of a composite trapezoidal channel
cross-section with different roughness coefficients for the sidewalls and bed. The primary objectives are minimizing
construction costs (including excavation and lining) and reducing the probability of overflow, considering freeboard as a
decision variable. This research presents, for the first time, the optimization of composite channels under this approach.

Materials and Methods

The study formulates a nonlinear optimization model with two objective functions: 1) minimizing construction costs and
2) minimizing the probability of overflow. The main constraint is the Manning equation for uniform flow. Design
variables include bed width, flow depth, side slopes, and freeboard. A constrained multi-objective programming technique
is employed, and the problem is solved using Wolfram Mathematica. In the numerical example, the design discharge is 10
m3/s, Manning’s roughness coefficients for the sidewalls and bed are 0.1, 0.015, and 0.03, respectively, and the bed slope
is 0.0025. Two scenarios for lining costs (uniform and non-uniform) are examined.

Results and Discussion

The results indicate that as the probability of overflow increases, the optimal bed width decreases while the flow depth
increases. Additionally, the freeboard decreases with higher overflow probability, which aligns with previous research
findings. Regarding side slopes, differences in lining costs significantly influence the optimal slopes: for a sidewall with
higher lining costs, the optimal slope increases to reduce the lining area and overall cost. Conversely, for a sidewall with
lower lining costs, the optimal slope decreases. Construction costs also decrease with higher overflow probability, as the
reduced freeboard requirement lowers expenses.
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Conclusion

This research demonstrates that optimizing composite channel designs with varying roughness coefficients and non-
uniform lining costs can lead to reduced construction costs and improved hydraulic performance. The findings suggest
that narrower and deeper channels increase overflow probability, while greater freeboard reduces it. Moreover,
differences in sidewall lining costs directly affect the optimal side slopes. These insights can serve as a practical guide for
engineers in designing more economical and efficient composite channels.

Keywords: Optimization, Freeboard, Composite channel, Construction cost, Design variable
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Fig 1. Cross sections of a trapezoidal composite channel with total free height
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Table 1. Results of solving the optimization model with different roughness coefficients and the same coverage cost

P z C b Y Z] Zz F
v/eYo V4. AV/AVA /Y V/YYo YV JEYA AVANAS
v/r 00 \ALo AL/YVA 0/VYY AT VAR /e V/e gy
+/*Vo ALY AV/AV 0/0+¢ V/EEN /YYVY V/EAE v/480
ARN VYAV Y4/AY 0/YY1 V/EAL V/YEN v/0Y /AW
/Yo \VAL-XX2 VYANAQ 0/\VY AVIARS VA AN +/0)4 A
v/V0 AT Natatis 0/+Y+ V/ooe +/Yo0 v/oYE VYA
/Yo +/AYET Yo/YYo £/ V/OAY +/¥Y v/oLV /A
AN DIZSAVA Yi/o £/VVA AVasR2 +/¥Y74 v/ +/AY
+/YYO /Yooy VY/AOQ 17N} \/ALo +/YVA v/oV\ v/oVY
/YO0 +/AVEo V/Veo t/00Y Vv APN! +/OAY 2/OYY
+/YVO ASEY Vo4 Y L/EVY V144 +/YAO +/04A r/EA0
AR v/OYEE 470+ A [ 7AR 22 V/VYA +/YAY TATA] AT
+/¥Yo +/EOTA WELY [7ARAY V/vaq ALNG AN VYV
Al AYAYA N\ IZARAY V/Aes YeY A AREN
+/YVo ARVNY i £/v00 V/AYY DAY +/AYo ARV
Vi +/YOYY 0/YYYV Y/ang V/AY VYNY /A ARNY
v/EY0 +/YAQY ALY YAV /AL LVARNY /AT ANV
v /80 VAR K-NY AY/YAN AALY AVARA YY At TARN
v/EVo V[TV RAVARAY AVAZNY V/404 +/YYY ALY o[0T\
v/0us DVEARE) VYV Y/AYA V/AA /YY1 +/Ato LVARRY

Sl g aupr s Dl g5 ol b e s Gl S glaka e 055 Bl L dus e S =Y Jus
Table 2. Results of solving the model considering excavation and cover costs with different roughness coefficients and
different cover costs
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Fig. 2. Changes in channel bottom width for different weir probabilities
OLaS 1y sl 5 QLSS iy iy pn S 3 53 5y e el s sl (13l O o Gas Dl jeiS Sl 5l (7) ST
W .b)‘.l..v dbﬁf L}o&f LSJ:‘U Lho)\Jo- 9 S JL.J:ﬁ @.ﬁ Q}LL: ¢.>_}~Zk5a odalie Jgd Lﬁ‘ B 45)}1@[.‘;.% .Lé.)do

Solite 5w OVl G154 OL o Ges Ol puii Y SS

2/2
21 |00 OhS by anpeDglite (55 walre
g_ """ Gylile Gilgy A ya-Dslile (6 ) il o e 8-
1/8 1 » .’_._._.-.-.
16 + s a0t
b ] n.‘-’—"",—
% s oot
2 ] e
12 3
A T S S

0 0/05 0/1 0/15 0/2 0/25 0/3 0/35 0/4
sy SVl

Fig. 3. Flow depth changes for different weir probabilities
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Fig. 4. Changes in free height for different weir probabilities
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Fig. 5. Changes in lateral slope Z; for different weir probabilities
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Fig. 7. Changes in construction cost values for different weir probabilities
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