Yol
SB g ol cblis glayiag s &yl
IPAT gl a5loend 0 )log 9 Conmny Al
http://jwsc.gau.ac.ir

U9y SLJLE Jous 49 sl po g0l i AL 3T andline
b2 Olasin  Julaiwe g g4k 590 ablio U

d N . A # )
29350 b juans 9 lidags a9 ¢ saale Mg
ctn g5 o3 (DT g 0,5 Ll case ) ol (O pwdige 05 8 Ll i S (g gl
sl G KNS (Ol mitige 05 S Sbskil

QOMNNY 2y b £ Q0T il s fls
oS
© Olg e OF dex 31 Ldjls glos 1S las S Sl Gsb b0l > 3 LS la LS idda 5 able
JUsl Oley L2als 5 Lolus 55 JUS o,e S2als ( Ly glasm 4 i KT GladUlS 5 0L > JUa)
Cootl 5l Gla b mlsal WSE5 Sl G slall r aalllae 53 58 o5 L31 OV W gladUls s OL
3358 Qb oo n o o300 4 OF gyl (il Wses el cpl an s 5 A5 ol Sls, 05 5 (VL
5 eog el g Lw‘gqc\u ol lsenl 5 Cews ol JUIS 51 s o3 dome 3 O 2 208
ot 33 Sl 4 bl el JUS S 5 Laeyl s Sl 4 jzie Ll o JUS s > b 458 o
ala IS ol Jiass 5s s S of Jlml oletily j2alS 5 eSS w0 by e sladusa 03, YU 5 0L >
350 AL Gladie (5,550 b s 5 (slaisso ablie b 5Ly, JUS o Ko sla ot 55 glas o
23S A e
Gloanwdin b Jte 033155 S gla s 3 sl el (Sosbed sla sl ooy o slatens (o g, 9 310
IYAQ) baelgs b o agsly 5 (e ) 5 0/V0 0/0) L slaeslss oge Jsb s a8 8 5S4 &slie
Ladde aep 53 ol Sad Cd e g ol fags 5o andlas 5550 wdin gla iie (a3 40 5 W0 (£0
sladde 53 ol |25 glay 0 glsel il bl s (glabas Loy 5 glB) ke A b S L s/l
A (6 Sl Y/Y0-A/YY 63 gioms 53 Cilies 53, sde Lz Sl S
sl e C\j,a\ St slly )5 Sy LA e &5 Ji.:l.u |J.<AA sl s s s s pSo3lul slie tlaaily
Sl &8 25 olen mge plBS) 1 5 S Al L sl Gty e g S5 (mizen 0
23 Slays glael glis) S sl Ol s s Dglite 5 DS de Ol pas L) (S il slaanta
s wblis & ol a5 80 ITA s by bl gl mblie b S as s Jois
23 Sl ps gl S S izen (Sl EaIS ds s T/ 5 088 AL/A Ol sea s (ool s
(Sle sba Jans ablie & Cond S S0e e ot 6Llss bl slaiisd ablie LS gla b

j-behmanesh@urmia.ac.ir 4315 J ytne *

AR



ﬂ‘f\ LJ.L-/L\: b)‘ﬁb QL«../Q J}Ja 9 g;;u Jjj.é Sde 6\)\4.: k:aﬁL_!‘ ‘J,:'.A[S M)J \-\/o )V\/-\ ch\/\ Q‘ﬂm g_,.JJJA.:

23 SO Sl 7 53 n Fte reed 3 el es Gl Zlsel (55 Sl Sl L sl b a5

J)J.é SAe u)js.)uﬂ b)‘ﬁb J}Jo 6‘)‘4.: 6\4.:}..,9 C\‘y‘\ 63]"‘ sl J.,JLL: 6&)}.\94.: LA o.,\AL:..AJ:A +/0 e)\ﬁé Jj.la

Al sy

b Al G S Sl 53 o 5y 0T S0l s lsel ST a5 S (sla b oo 105 S Ao

Ob o 25,8 sde LS ioman 5 LS oolps ose dsb il (ol ol (b ol Al s

.,\..Irl.: .,\.LAJ}M: )L:.wa J"‘};Lfd C\J]a WJ\..@_A Lﬁ‘)"j‘pb u,:..ihjj.i 6L§4§3L1 LJJJJJL;A LSJ\JJ'”j@"

o dgb (Gl G5 0L (bl ksl d SKes LS sl o sl igutelS (slaosls

S b ALl 5 s sl
$0 B YY/0 le'l‘)) o b LAJL:[S v_é‘ju B J‘J’u
Laufﬁil,aﬂ b s s ol 13 asdllbe 5)se 4 s
S8l LU 355 53 of Comd g 5 gla 0
L oodkel Cowsay JA@.{U)'T ol sed el g
o o e Gl 3o s5 Glabss s
s skeay (VAAY) (g slr 5 (o3laWL () 54
151 5 1K sl s 5 Sl G 0L~
Bl e 0L o ol 4 S Jass gie (sdru s V¥sles
Gde sy sl eslaad L, YL;,&{,S le.a;.j BE
¢ . Lt
9 LS 6)} 4...1]4 OCLJ"” LSL’“““" L: &AJ}S&A
o.,\.iré);e)'\.l::\ pelde L c,l:., awslie Lssel >
Saliulpydn &y goas LS G)'j.?lqrsjazla ol
39y Calle &A&:«itﬂji 9 8oke c,L“q O S
LY L;E.JGL‘A L g’j‘*‘"“ 9 JJGLA 4:.2_; L RGIWAEY
o B Jue clly sy 0L Sadlis
5 S (1) ap Ol e Ly 535 (sileand
laeyl s 5SS 0s,8 G L (1448) O

3- Shallow water
4- Mac-Cormak (MAC)
5- Explicit
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1- Cross Wave
2- Shock wave
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1- Finite Difference

2- Diffractor

3- Classic Shallow Water
4- Extended Shallow Water
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Table 1. Hydraulic characteristics of the experiments.
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o Water height in the head tank (m) Discharge (m’/s)
3.25 0.39 0.030
5.20 0.61 0.038
7.26 0.76 0.042
9.23 0.92 0.046
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Table 2. Geometry of utilized models.
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Figure 1. Schema of upstream cross section of experimental models.
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Figure 2. Downstream view of the contractions (a): model 3 (b): model 6 (c): model 9 (d): model 12.
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Figure 3. Formation of shock waves in the contractions for Fr;=7.26 (a): model 3 (b): model 6 (c): model 9 (d):
model 12.
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1- Dissipation of turbulence kinetic energy

Y4

CS o sldel s e gl b 0 ISSS s

03 Frimviv ghile € gas Olseas (las 0 ala
BL) GV IS AP u;',{LN \Y B q4 Ay L;Lad.u
BB ol Cogud sz 5l sk She IS
o )2 jb}.‘l‘g Q\JJ 9 s )\ 6J3§eJ|JJ‘ aleds
Lﬁd.,\,d dod Ls\j" e.,LdT Cewddy LSLQJJJJ:’. J.ZL:L;A
S A S0k il o eSS Gla s zls!
)\ &ji Aol L: S oo )\JJLA J‘}«:JL-;G odaline
S IR 4y Oy Sl ey 5 a8l 580 2
lya 5 o Lol Bls 5 S o il @ gt
Byhe O Com alS Col pge phe
Jos S sl b Olsen a0 s Ojlen
S Jbos 2 sl bl Gl S
)\ M)L&ASLQ.%;J]G_:)J ‘j’"‘ 4:>L:jb U‘};d‘
uj,_ﬁls a>=L 5 (Jsl a=b) Co uj,{\}é\ o>
S Jsb s J.<.1: S .(ps a>l) Ce

Olr b ocom o sl s n Sl sl



. ——x=0.1 -=-x=02 x=03  ——x=04 |
3
z/d %7
1
0
0.4
——x-0.1
g .|
6 4
z/d*?
2 4
0 r ')
0.4 0.6 1.2

—+—x 01 —=x02 —=x03 —=—x04
25
2
1.5 A
z/d
1 4
0.5 A
0 :
0.4 0.6 0.8
ulu,
(1)}
(a)
—+—x-01 —=x-02 —=x-03 -—=x-04
5 -
4 X
X
X
AX
3 A X
AR,
z/d Paa
o 2 x A B
x Ao
x -
X A a .
1 X P -
X K @ *
x -
X -
0 T .
04 0.6 _ 0.8 1.0
u/u,
@
©

AY Jae 1) 4 Jhe () N Jhe () ¥ Jbe (AN Fry=V/M slila b Jias s gla o mlgol o Jbg 5 -0 K3
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(d): model 12.
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Figure 6. Free surface profile of shock waves for the models: 3, 6, 9 and 12 for (a): Fr,=3.25 (b): Fr,=5.2

(¢): Fr,=7.26 (d): Fr;=9.23.
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Table 3. Reduction percentage of maximum height of shock waves in the trapezoidal sections compared with
the rectangular ones.
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59.1 59.6 58.7 60.8 57.1 0.5 45
43.9 45.6 44.6 453 40.1 60
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Table 4. Reduction percentage of maximum velocity of shock waves in the trapezoidal sections compared with
the rectangular ones.
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Table 5. Comparison the effect of side slope and curvature of the transition wall on maximum height of shock waves.
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Table 6. Comparison the effect of side slope and curvature of the transition wall on maximum velocity of shock waves.
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Figure 7. Free surface profile of shock waves in the contractions for Fr,=7.26 (a): model 3 (b): model 6

(c): model 9 (d): model 12.
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Figure 8. Effect of Froude number on free surface profile in the contractions for (a): model 3 (b): model 6

(c): model 9 (d): model 12.
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Table 7. Calculated values of relative energy dissipation in the contractions for Fr,=7.26.
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Abstract

Background and Objectives: Contractions have many uses in supercritical flows, such as flow
conveyance from intake channels of dams to tunnel spillways, reduction of chutes width and
reduction of flow conveyance time in the flood conduits. In supercritical flows studies, the formation
of the shock waves has an important role. Technically, production and development of the
mentioned waves are undesirable due to water depth increase because of several times increasing of
inflow water depth, its spread at a wide range in downstream of channel and water surface
roughness. Any weak design of channels under supercritical condition can cause to scour channel’s
bed and walls, damage to equipment in the flow direction, raising maintenance costs and reduce
water conveyance efficiency. In the present research, the formation of shock waves in converged
transitions of open channel with rectangular and trapezoidal sections was investigated using
laboratory and physical models.

Materials and Methods: In order to investigate hydraulic parameters of shock waves in the
converged transitions, twelve models with different geometries were used. In the present research,
the studied geometric variables were the diagonal length of transition walls (0.5, 0.75 and 1 m) and
side wall angle (33.69°, 45°, 60° and 90°). In all used models, the convergence ratio was 0.5. The
height and instantaneous velocity were measured in different points of formed shock waves in the
mentioned models for four different Froude number in the range of 3.25 to 9.23.

Results: The measured values in the converged transitions showed that the velocity distribution was
not uniform in the vertical direction of shock waves. Also, the results showed that by traveling wave
front toward downstream cause to reduce wave velocity and increase wave height so that for various
geometries, the changes trend was different. The results showed that on average, and for side slopes
angels of 33.69°, 45° and 60°, the maximum height of shock waves was reduced 64.8%, 54.3% and
39.6% respectively in the comparison of trapezoidal and rectangular sections. Also, in the converged
transitions and for the mentioned side slope angles, maximum shock wave velocity was reduced
39.1%, 31.6% and 16.5% respectively in the comparison of trapezoidal and rectangular sections.
Increasing of side slope angle was accompanied with energy dissipation increment of shock waves
for a constant Froude number and transition wall length. Also, maximum value of energy dissipation
was seen for 0.5 m of wall length. The values of energy dissipation for the mentioned length,
Fr;=7.26 and side slopes angels of 33.69°, 45°, 60° and 90° were achieved 14.69%, 15.43%, 16.34%
and 18.72%, respectively.

Conclusion: The analysis of the velocity profiles and free surface of shock waves showed that in
general the reduction of side slope angle (increasing side slopes) of the transition wall, increase of
diagonal wall length of the transition and reduction of Froude number have a direct relationship with
the reduction of waves velocity and height. Since channels are constructed in the form of
trapezoidal, the obtained results of the present research can be very useful for designer engineers.
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