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Figure 1. Images of half-cylindrical and cylindrical gates in submerged flow (a) half-cylindrical with a
diameter of 200 mm (b) half-cylindrical with a diameter of 200 mm.
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Figure 2. Schematic of the laboratory flume.
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Figure 3. Fitted Eq. (8) to experimental data in free flow (a) half-cylindrical with a diameter of 63 mm (b) half-
cylindrical with a diameter of 90 mm (c) half-cylindrical with a diameter of 125 mm (d) half-cylindrical with a
diameter of 200 mm.
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Figure 4. Comparison the calculated and the measured discharge in free flow conditions (a) half-cylindrical
with a diameter of 63 mm (b) half-cylindrical with a diameter of 90 mm (c) half-cylindrical with a diameter of
125 mm (d) half-cylindrical with a diameter of 200 mm.
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Figure 5. Fitted equation (8) to experimental data in free flow (a) cylindrical slide gate with a diameter of 63
mm (b) cylindrical slide gate with a diameter of 90 mm (c¢) cylindrical slide gate with a diameter of 125 mm (d)
cylindrical slide gate with a diameter of 200 mm.
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Figure 6. Comparison the calculated and the measured discharge in free flow conditions (a) cylindrical slide
gate with a diameter of 63 mm (b) cylindrical slide gate with a diameter of 90 mm (c) cylindrical slide gate with
a diameter of 125 mm (d) cylindrical slide gate with a diameter of 200 mm.
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Table 1. Numerical constants of Eq. (8) and mean relative errors for free flow condition.
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Figure 7. Calculated discharge versus measured discharge by using Eq. (22) for half- cylindrical slide gate for
free flow condition.
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Figure 8. Calculated discharge versus measured discharge by using Eq. (23) for cylindrical slide gate for free
flow condition.
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Figure 9. Fitted equation (18) to experimental data in submerged flow (a) half-cylindrical with a diameter of
63 mm (b) half-cylindrical with a diameter of 90 mm (c¢) half-cylindrical with a diameter of 125 mm (d) half-

cylindrical with a diameter of 200 mm.
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Figure 10. Fitted equation (18) to experimental data in submerged flow (a) cylindrical with a diameter of 63
mm (b) cylindrical with a diameter of 90 mm (c) cylindrical with a diameter of 125 mm (d) cylindrical with a
diameter of 200 mm.
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Table 2. Numerical constants of Eq. (18) and mean relative errors for submerged flow condition.

(constant coefficient)  (constant coefficient)

s K

(types of gate)

s gl [JrQL:‘ EUISEY i
MRE%(Q)
2 0.913
3.6 0.943
2.7 0.752
4.7 0.812
2.9 0.771
4.9 0.677
4.5 0.693
3.1 0.402

o PY ki L glail grales
half-cylindrical with a diameter of 63 mm
Fades PV a3 L gl sl
cylindrical with a diameter of 63 mm
ok Ar Sk L glailgrales
half-cylindrical with a diameter of 90 mm
o v a3 L sl
cylindrical with a diameter of 90 mm
n g VYO 3 L gladl sl
half-cylindrical with a diameter of 125 mm
e e VYO a3 L (glail gzl
cylindrical with a diameter of 125 mm
Sk Yor R L leil sl
half-cylindrical with a diameter of 200 mm
Sades You L3 L glail i

cylindrical with a diameter of 200 mm

2.676

2.526

2.691

2.199

2.694

2.34

2.836

2.858

O Ol Bl Gas 5 sVl T L
(& Ls\{,\j;_.ﬂ\m_} RS Sadom )3 3 (e 23
YY) @ S e e Tor YO & BT L
J=e8 Gladl gl 328 Glaase )5 5 5 Lo 3 YT
OO Y 5 ja e oo Yoo YO & BY L
A (S A s 4 Sl o 3 OA 5 0V
RO ICH
Slrazm s Gl o= 05 A malr oy
Gl o el Y ) IS5 4 olS il gl U 538
3 AYA (S er o s il ol 3 S

VAL o TE e s llas o Sile slha 5
w
o.,\_ATC,._.wJA..: MJJV/\C Lﬁbwé\ﬂj'&p)b

R

&=1.066(H°_y3 )0.37(2)0.122 %)
w w w

LS[_AA_?:LL‘)J LS\J—’ meT g;..wa..: Ja_:\J) MLE.& L
adaly) sladlakel, b fassy cnl 55 o n 250

-)3

H _
G S uolde 2 23 Aoy Sassl
w

Glrazm s ¢l — y—vj S5k Sl
nhe Yoo S AT0 QP s L slail sl
S ol as 3 V8 o ANY AV Y (o Sa e e
A Yl sl sl slesl b o s )
Lo 3 YA FV FO A o Ja e oo Yoo 5 Y0
iy a5 b S Ssleas ol w2l
el jsliean (h5e 0 5 Sl Ges O
23S a5 il sl 58S Slaan 5
Lyl o s s o siS A b JelS lal 2l



IYAE (1) b louds (YY) s SB 5 O Cblis gloing}s 4 i

Codty do 3 VIV (5908 (23 ness (Sl 5 Lo du%)bd\ﬂ‘}i\—&:@&@&&{\)
sl kel sdal 53 YO alaly (S oy 5 &gl b 528
H D FRIANA LM%ML@\)J_\):«S@\
&=1.087( 0-V3 )0.354(_)0.029 S ,
w
0.025 v =X
+%10
0.02 o
g
3 _0,
Y5 0015 %10
4=
ER:
1, z 001
=
0.005
o r=
0.000 0.005 0.010 0.015 0.020 0.025
kfb.....l_'u; e
Calculated discharge

(SHalie g3 plp 53 Gl suled 228 Glaaz s 55 Slubs (g5 p3lie )Y Jss

Figure 11. Calculated discharge versus measured discharge by using Eq. (25) for half-cylindrical slide gate for
submerged flow condition.

0.025

0.02 +%10

D OO
0.015 ' 0
orEERa0 -%10

i

Measured discharge

0.01 ea_.. :

0.005

0 %

0.000 0.005 0.010 0.015 0.020 0.025
(Hhalas 2

Calculated discharge

(Salin g5 plp 53 IS a) gl (o938 laam ;3 53 Slwbes (g5 pslaa VY G

Figure 12. Calculated discharge versus measured discharge by using Eq. (24) for cylindrical slide gate for
submerged flow condition.
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Abstract

Background and Objectives: Gates are among the most common hydraulic structures in open
channels that are used for flow control and water level control. The vertical slide gates suffer
from lower contraction coefficient and thus lower flow rate capacity. In this paper, the hydraulic
performance of a new modified gate, combination of a vertical slide gate with a cylindrical edge
(Drum gate), has been studied.

Materials and Methods: Laboratory tests of this study are performed in Hydraulic Laboratory
of Water Engineering Group from University of Ferdowsi in Mashhad, in rectangular flume
with length of 10 cm, width 30 cm, height 50 cm. In this study, totally, from nine gates that
include four cylindrical slide gates and four half-cylindrical slide gates with diameter of 63 mm,
90 mm, 125 mm and 200 were used. The dimensionless stage-discharge relationship was
proposed based on dimensional analysis and using the incomplete self-similarity concept in free
and submerged conditions. In these relationships, flow rate is related to the upstream depth, gate
opening and the cylinder diameter.

Results: Finally, the development of the relationship of Ferro and Buckingham theory and the
Self-Similarity Theory, relationships to estimate the flow rate of a half and full cylindrical gates
for free and submerged flow conditions were presented separately and with proposed correlation
with experimental data and statistical evaluation of acceptable accuracy were examined and the
experimental data were analyzed. The proposed equation is accurate and practical so that it
removes the need to consider the discharge coefficient. Results showed that this equation can be
fitted to laboratory data very well. The mean relative error for estimation of discharge in the free
and submerged conditions was less than 2 and 5 percent, respectively. Therefore, these
equations can be used as a design tool for slide gates with cylindrical edge.

Conclusion: Since accurate estimate discharge increased management function of water
distribution network and also leads to an increased executive certainty in gate design, it can be
concluded that the combination of dimensional analysis and the self-similarity theory can
estimate the discharge obtained with high accuracy.

Keywords: Incomplete self-similarity, Sharp sluice gate, Contraction coefficient
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