Ve Ol m ¥ ooyle g VY 6y
FVOYAY (slaamin
DOI: 10.22059/jwim.2022.341971.983 N
ZL;:.AJ}; e
Gwmgd 33 Joaw 3l odliwl b Sg i gilw]aw 4 (wlide Ol )51
¥ o # . Y . \
Sl Jgtoze Jloz 7 g pllae (s € 6553 (oo € 5)4> 09
Ol ol s mye Sy oK1 (6 5y9LiS 0aSiild «ol e g gwdines 09,5 (6D (Sl Y
Ol el RS eyt Sy oI (5ygllS 0uSuisl ol Ca ppdo g (owkiges 095 ¢yLuild LY
) (R cmyhe Cap i oK1 (659l 01l ol ke g (widige 09,5 edliwl
VAN calie Bl ol VY salie by g,

oS>

g

e St (ladde dul b gs elide S Ll Ltz 0L 2 Salosssden Sl te Soo Gl gete Sl LIl (Sssdes cbd b
ORss 3l B asd e ats OL o (St Js Sl el el Sl e e 0l s s e U Sl Gl
Saiss @3 e Sl ool L oS ol (U0 5l oS sladde s Gl Olpe 5 Ol Slasiis s gl 6 s
S gl s e L btz s 1815 0, San JUIS (it JUIS s Sl 3 0k Saalysssion Sl 1l 55 s plol MIKE21
o BAUE 5o s Olys 5 anlie bl b ladis 51 ol mli 058 sde wliS (23 b e A (3lootnd Ve 5 oy 00 (55 8)
b as e pb 0 Co s Jibs e O Lol el 57U il b S sladie 53 0L Cs w355 5 Gos BN oS by DL 0 s
Ssbosl 51815 d e coiitons JUS 3 80 St b s S )3 o sl S sbar b oo 2l sl am s (211 L ulisis

el Gty Ao,3 YA ST Y s ply 5 54 (G10) Ve gl el a s

MIKE21 Jie ‘é Jae ‘CL;'-};‘ a3y ‘%Uf‘}ﬁ :lﬁaj‘gu\ﬁ.lf

Scale Effects in Hydraulic Modeling with a Two-Dimensional Numerical Model

Srwa Heidari', Bahman Fakouri, Mehdi Mazaheri®", Jamal Mohammad Vali Samani*
1. Graduated Master Student, Department of Water Engineering and Management, Faculty of Agriculture, Tarbiat Modares University,
Tehran, Iran.
2. Ph.D. Candidate, Department of Water Engineering and Management, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran.
3. Associate Professor, Department of Water Engineering and Management, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran.
4. Professor, Department of Water Engineering and Management, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran.
Received: April 21, 2022 Accepted: July 01, 2022

Abstract

Hydraulic models are often used as a tool for the prediction of the hydrodynamic behavior of flow. But scale effects in the hydraulic
modeling process due to deviations of the results from the prototype. This paper discusses to scale effect in the hydraulic flow model. The
goal of the research is to investigate the effect of geometric distortion on the flow characteristics and the degree of deviation of the results of
distorted models from the prototype, which is done using the two-dimensional numerical model MIKE21. First, the hydrodynamic conditions
of the flow were simulated in four models of straight channel, convergent channel, divergent channel and curved channel with four degrees
of distortion one (undistorted), two, five and 10. Then, assuming the similarity of the Froude number, the results of the models were
compared with the prototype and the relative error in the result of channels was investigated. The results showed that the difference in depth
and average velocity in distorted models with prototype is small, but the difference in transverse velocity profile of sloping model with
prototype increases with increasing degree of distortion. So that the relative error in transverse velocity modeling in straight, convergent,
divergent and curved channels with a degree of G10 was two, 29, 33 and 39 percent, respectively.

Keywords: Distorted Model, Distortion Ratio, MIKE21 Model, Prototype.
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Table 1. Prototype specifications

Channel Length (km) Discharge (m’/s) Depth (m) Roughness (s/m"”) Bottom width (m) Bed Slope  Side Slope
Straight 4 1490.44 5 0.035 150 0.0005 1:5
Convergent 2 1490.44 5 0.035 150 0.0005 1:5
Divergent 2 1490.44 5 0.035 150 0.0005 1:5
Curved 2 1490.44 5 0.035 150 0.0005 1:5
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Figure 1. Prototype plan and cross sections a) straight, b) convergent, c) divergent, d) curved channel
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Table 2. Scales in models

Horizontal Vertical Distorted
Models scale scale Degree
(X&) (Yr) (€]
Undistorted Model (G1) 100 100 1
Distorted Model 1 (G2) 100 50 2
Distorted Model 2 (G5) 100 20 5
Distorted Model 3 (G10) 100 10 10
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Table 3. Calculated values of hydraulic parameters using scales

Models Length Depth  Bottom Width Hydraulic radius Wetted Perimeter Cross area Bed Side
(m) (m) (m) (m) (m) (m?) Slope ___Slope
Prototype 4000 5 150 435 200.1 875 0.0005 5
Undistorted Model (G1) 40 0.05 1.5 0.043 2.001 0.0875 0.0005 5
Distorted Model 1 (G2) 40 0.1 1.5 0.085 2.038 0.175 0.001 25
Distorted Model 2 (G5) 40 0.25 1.5 0.198 2.207 0.437 0.0025 1
Distorted Model 3 (G10) 40 0.5 1.5 0.321 2.720 0.875 0.005 0.5
(Thxr Tpy) = pu? wn __ (A aaly) Silwamds S
bx» “by puy Juz+v2 v ey

pCNTZ+V2(U, V)
ot ( Sile § 3 wu o n Cp=gn’/h"7 S

)‘ T‘cy}Tvy LT‘QC j""j"’ LSLAL):MJ J.:Juaé w‘f.w.s JJJJ

]

Tow = 2(v +v) 22 (V4 dal))
T,, = 2(v + vt)Z—; (Ye abal,)
Ty =200 +v) 5 + 5 () <)

Ob > SKaisl gl o vy 5 Slei S8 v oS
Gl sl (SKaasl ladis © 3L of (gledde S e
253 ¢ (Lai, 2010) o o 40 i AeSIb
Sl Sl eslinal b ladie 5 Ui (6 5 oo
b3 alisis, ghuie AE 1 b AutoCAD
Shuphe LV lde b ladde (gl 5 gm0 5 O
$lr s plxil MIKEzero Jds 53 spe e 0/00
Flow Model Js3b 3l LadUls SCwlus syl (g 5luans
SF s cwVL IOk o5 50 Ll d L FM-HD
Sk asS M s ol e s sl o mlaw
Ll b (beslnd) 5o Cly 5 o ol 50 Sl
e AL s s Jleel Land (zero velocity)
5oL s s s Sk s Y Sl 65
Sl el JaS L il S sae Gk 5l dae ) Ses
S olal plaly S Al s L Yo

A ol YA Ol s b s e 5 o e

/
u’/t S

Ve Q‘LAUI YUL«&I \Y 09

YAr

-

3ok Sk ileand sl (ass ol Lo

Jdde s el MIKE2] gdx 55 (o4 Jda

Slapim 31 ks 151 s3leens sl MIKE2I
lalss ol dawlbes gy ol (dass &y poa o
Soladls SIapder annie bang bicwas (Jolsm
Sk bzl OF 55l sdd osls anuy
FlowModelFM-HD obus s s Joibe o 55 OL =~
5 sl Vol ool Sl el (ileans
sty (Y aal) 5 00 o) 00 aal) p st
o D pon 5 S SVl g3de s A e
Y 5 X S o 50 edded Jsle Ole spdoe

(DHI, 2012) Gl Gos 55 s i S eSilin

oh | A(hY) | O(hV) _

at ax ay 0 (V0 el
a(hv) | a(huv) | A(hVU) _
O adaly) T T el
_ 0z 0(hTy) | 0(hTyy)  Tpy
gh ax + dy + dy p
a(hv) | ahuv) | A(RVV)
(V) T ay
_ hﬂ + 9(hTyy) + a(hTyy) Ty
ady ax ady p

Gos h Oyt 8 Olaskey gx VU akaly ;s
53X S 53 s haugie o Gladilie V5 U ol
o 53 e Lo ge S5 Ty 5Ty T (JE i gy
352 o g S5z =z b (St 5 Sl
Sl JUS oy o2 G2 Ty 3 T ol S p
sl dles B OA) dlaly 5 b 3l oS

TW)

| < ru



S 93 3de Jue l eslial b (S g, goledae Hs wlie Ol §I

WOl e G| o3 Sgusba Byd o 5 e
2 Sl s bl clst dsns sl oS
B gl s RIBHL &S sladu
e JUB 53 ot Rl LA s ke
Tullis et al., ) 55 aals oy a8 0L > Gee
.(2020; Torres et al., 2018
L &Se8 Jhe 03 JUS 2e 55 Co i 55
03 bl sl QLIS 5 3,1 Ol Cubigs
ok gl el Sboss co i mis S sladis
23 s wals DL s S8 cl s 513
U5 35S 5 sladie 3 JUS ol (s
b s 5 cl s d= 5o 65 e b b s ol
Sl el b 3 S e JUES (655 5
23 e s el (o5 5 b b gel s LIS
b 2 i s b SRIBJUS S
L aSosbar wml @108 50 Jlew bele Laojlor
ol D 5 Lol ol b sel s L5
Joo bt phaie G @ phade a5 el JUS
AUl Cos o Jhsn ool S e
Wang & ) 5,5 o 51,3 JUS 58 6 5 o lux 5l alols
5l obl slaa=ls (8) Jsa> 3 (Chanson, 2016
FUssn 5 dbe (88 o s

RGN I W4 eb))T

S g b
Co o Gaf) 0L Slasie 53 Ol Ol
eleliwsy @l 5l (Co e 58 mis s b s
Sln &5 3 758 Jhe «ubisisn sy MIKE21 Jus
s RMSE R® (sla sl )b Loy 01 sba JUS

b s (Y 5 YT XY Lals,) MAE

RZ — [Z?=1(Xi_y)(yi_?)]2 (YY 4.14..‘))
S (%i-X)" S, (vi-7)” :

RMSE = [Zi=&i¥d? (Y el )

MAE = ZzaXvd (V8 alaly)

SHasdes gl bl 4 by e CSu Y 5 X &S
b laoals :\Mn;w\ %U)J_}ﬂ)d.h f.’)”'

i J61S”
s JUE 5 0L Ges olhand W
S (VS8 sl Ol el 5 LBWb O sea
Ol bgsn, b bdie Sl slelcasy Glasl
Sl 5 ek Joe 3 Gae 4S5k 315 oS Sl
s é sldis 5 el Gldee b
03 Ok Ges Sl 508 (oS Sl SV L 0L~

25 6.5
7 9 s | e Prototype = « = - Gl  ceceecences G2
g s o 1 - - = GI0
= ~
g 15 S 5.5
I kg =
> 1 2 ;3 YT —r T
o A puidpndhishhngupii-degpiucpe i ag bl
Z = B o o o e = ——— = T
Q )
> . 2
2 05 et Prototype == ¢ w= Gl eceeeeees G2 = 45
E - = =G5 - & =G0

0 4 . . . . . .

0 50 100 150 200 0 500 1000 1500 2000 2500 3000 3500
Channel Width (m) Channel Length (m)
Figure 3. Transverse velocity distribution of straight channel Figure 2. Flow depth profile of straight channel
- -
Shl el & ru
.’ Ll e

Ve Q‘S..«JUI YUL@JI \Y 09

YA\



Sbbe Jades dloxr (s pllae 5440 (55K ot (Sok> 09

A s sl beos co e o wss
s plrsel axr s Sl L Sy sba ol 4 S
S S S 53 JUS ol b SR
(Wang & Chanson, 2016) L e Jul58l 5 5 e

Gl 5l s a5 e (V) Jsdr las
G A shis 51 (Gl) 5,08 dde )3 Loy 5,0 155
Sla Lo gia sl Ao 3 /0N sl GBS 5 D
DG A s 51 (G2) 53 gl sl s b s 5> o
sl b s OF Jllie op 5t 5 Aos = bl
St sl s Aoy & 48 el JUE o5l o S,
) o Aod aw JUS S e o

W sy e sl Jagie (GS) gy ol gl s
55 G2 Jue tsles OF e 5 b & duy o doys
AL il oSl LS ojlu ol s slacs
et el Lo MV Ll JUE S0 53 5 Ao s
14 (G10) Ve gl amss 3 e (slas e g
03 immpn 3 Ao TY 0T Sl 5t 5 Ao
ar s Gl bl gl sls sl A3 Y JUK

(Heller, 2017) 4y o 2l 53 x5l

2
>
E16
2
‘512
s
o)
208
%0 —e Prototype == v om0 Gl s G2
b5 - - G5 - - G0
0; 0.4
<

0

0 500 1000 1500 2000 2500 3000 3500
Channel Length (m)

Figure 4. Average velocity of convergent channel

Table 4. Statistical parameters for the average
velocity in the straight channel

Flow Depth (m)

Models RMSE MAE R?
Undistorted Model (G1) 0.013 0.001 0.99
Distorted Model 1 (G2) 0.063 0.003 0.97
Distorted Model 2 (G5) 0.084 0.004 0.97
Distorted Model 3 (G10) 0.135 0.018 0.96
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Figure 5. Flow depth profile of convergent channel

Table 5. Statistical parameters for the average velocity in the curved channel

Models RMSE MAE R?
Undistorted Model (G1) 0.053 0.003 0.99
Distorted Model 1 (G2) 0.077 0.006 0.99
Distorted Model 2 (G5) 0.138 0.019 0.99
Distorted Model 3 (G10) 0.277 0.077 0.99
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Figure 6. Transverse velocity distribution of convergent channel at sections A to D
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Table 6. Relative error percent in the transverse
velocity distribution in the convergent channel

-

Models Min Channel center Max
Undistorted Model (G1) 0.01 0.04 0.58
Distorted Model 1 (G2) 0.25 3.0 9.0
Distorted Model 2 (G5) 1.84 11 18
Distorted Model 3 (G10) 2.26 20 33
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Table 7. Relative error percent in the transverse
velocity distribution in the divergent channel

-

Models Min Channel center Max
Undistorted Model (G1) 0.01 0.05 0.47
Distorted Model 1 (G2) 0.26 3.0 9.0
Distorted Model 2 (G5) 0.80 9.3 18
Distorted Model 3 (G10) 0.25 19 33
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Table 8. Statistical parameters for the average velocity in the curved channel

Models RMSE MAE R’
Undistorted Model (G1) 0.023 0.002 0.99
Distorted Model 1 (G2) 0.057 0.003 0.98
Distorted Model 2 (GS5) 0.012 0.014 0.98
Distorted Model 3 (G10) 0.180 0.034 0.90
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Table 9. Relative error percent in the transverse velocity distribution in the curved channel

Models Min Channel center Max
Undistorted Model (G1) 0.02 0.09 0.67
Distorted Model 1 (G2) 0.25 8 10
Distorted Model 2 (G5) 1.2 15 25
Distorted Model 3 (G10) 2 21 39
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