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a. Q=11 (lit/s)
Type Experimental CFD-2 Phase Error %
Section Right Center Left Right Center Left Right Center Left
2 15 145 15 1495 14.99 15.03 0.33 3.36 0.19
3 17 205 16.8 16.31 19.30 16.53 4.06 5.84 1.59
4 181 173 18 16.94 16.99 16.93 6.39 1.79 594
5 193 175 19 17.10 17.12 17.13 1141 2.14 9.86
b. Q=56 (lit/s)
Type Experimental CFD-2 Phase Error %
Section Right Center Left Right Center Left Right Center Left
2 234 23 235 2435 25.76 24.01 4.06 12.01 2.17
3 26 33 26,5 29.66 31.03 29.30 14.08 5.97 10.56
4 281 295 285 27.03 27.88 26.84 3.82 549 582
5 275 275 275 26.30 26.68 26.50 4.35 2.96 3.64
c. Q=113 (lit/s)
Type  Experimental CFD-2 Phase Error %

Sectio Right Center Left Right Center Left Right Center Left

2 308
3 33

4 334
5 347

30.5 30.7 29.42 32.52 29.28 4.46 6.61 4.63
39.6 32.8 37.14 38.65 37.18 12,53 2.39 13.34
36.5 33.533.47 34.24 3358 0.20 6.19 0.24
345 34.832.61 33.25 32.58 6.01 3.62 6.38

d. Q=177 (lit/s)

Type Experimental CFD-2 Phase Error %

Section Right Center Left Right Center Left Right Center Left
2 416 42 42 38.46 38.84 38.46 7.55 7.52 8.43
3 424 422 426 40.22 41.72 40.11 5.15 1.13 584
4 40.9 41.7 40.8 39.05 39.32 39.22 451 5.70 3.87
5 412 41 412 3853 39.39 38.63 6.48 3.92 6.24

Table 1. Cross sectional flow depths (cm) for different discharges
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Fig. 4. Comparison of water surface profiles in the center line

le ol 3 el 4B S S VOF g, S gl )
e 3 dangys J e 8 s b o3 SOl s o
L) Jsdor 5 (8) IS8 a4 5 L S o oo g5 5051 o
Sl 53 3 Jies (osdes (gilwand 3l el ks Eb amlie
23S 5 e edalin o 0j e LB 4S5 (3l 5 (53 S
S Gl a il am s s 0L ) 4t
ssb i) M SUOl el 1 0L w0 63005 Sl e
ol as syl sy ol maw it 53 (os b o gie
sl (55 B 5ol 4l opl s (3lss Jde g s Ses
A3 110 o353 Jds JUK (5 50 6500 bl S 53 (Kl
035 Shmtos & a5 bl ool 25 ) 56 SO e il
Sty 53 s bLi 55 O Gas alie i 3550 alis
b LB g 22
sloesls 0L 2 Gas palie anglis 51 (V) Jsr 4 a5 L
;.j Gos p3lie oS 358 0 odalie JUK (glanl 5s @waj
5 (o, 8) usl oo JUS (55 50 o 5 S Lao,lS s
S e S S e JUS sl a4 b w3
Slalls o 5,55 Adedalin 50 ode Jde 53 &S shailen
s il 5 Al e ol a3 (alees S S 5 (A
SN Pt 03 638 Jde gd 350 (S3laind szl



UL 5 (6252 % sLage

el 5 ST OL o (S ssde 5 Sas o (g5lands

NG

) Sl am ez 5 L (Salosydos Jdod e
Al abees 8 SCis a4l 3 0L e slals
VU a5 SaSe 255 5 b b 5l 0L > s
35 S Sl el 33 s o ge dliens ol S (EL s
ol 53 S sls 5L b s e 0L Sl e oyl
55 dal il b

y-z sl 3l Y dﬁiﬁjsgliﬂcﬁ;ydbm)l;ﬂ.'\ Jss
000 028 056 084 112 140  1.68

0.0
0.062 0355 0648 , 0941 1234 1527
Y(m)

a. Q=11 (lit/s)

0.02 0.28 0.55 0.82 1.08 1.35 1.62

0.54

Z(m)

0.27
o.oJ
0.062 0355  0.648 0.941 1234 1527
Y (m)
b. Q=56 (lit/s)

0.54
Z(m)

0.27

0.0
0.062 0.355 0.648 0.941 1.234 1.527
Y(m)

¢. Q=113 (lit/s)

0.00 0.22 0.44 0.65 0.87 1.09 131

0.6
Z(m)
0.3
0.0
0.062 0.355 0.648 Ye m)0.941 1.234 1.527
d. Q=177 (litls)
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Error
11 6.56 22.29 x=1.16
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177 1.70 4.24 x=1.17

Table 2. Pressure error on the floor
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Type Experimental CFD-2 Phase Error %

20 Right Center Left Right Center Left Right Center Left

2 234 23 235 25.48 27.63 25.53 8.88 20.11 8.62
3 26 33 26.5 31.85 33.73 32.27 22.49 2.22 21.77
4 281 295 285 2831 29.30 28.30 0.75 0.66 0.69
5 275 275 275 27.74 28.12 27.15 0.87 226 1.28

Q=2000 m*/s Jsles o5 -

Type Experimental CFD-2 Phase Error %

Se(r:]tio Right Center Left Right Center Left Right Center Left
2 308 305 30.732.02 34.02 32.02 3.96 11.54 4.30
3 33 39.6 32.837.55 39.23 37.6513.79 0.93 14.79
4 334 365 3353396 34.27 33.97 168 6.10 1.41
5 347 345 3483341 33.12 33.17 3.71 4.04 4.69

Q=3140 m¥s Jsles _o>- z

Type  Experimental CFD-2 Phase Error %
Se(r:]tlo Right Center Left Right Center Left Right Center Left

2 416 42

3 424 422 42.640.68 42.72 40.67 4.04 1.23 4.53
4 409 417 40.839.01 38.94 39.02 461 6.61 4.36
5

412 41 412 38.78 38.81 38.86 5.87 5.34 5.68

Table 3. Cross sectional flow depths (cm) in prototype for
different discharges

42 37.96 38.07 38.04 8.74 9.36 9.42
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Abstract:

Three-sided spillways attract crucial attention of designers due to their characteristics in significant
reduction of costs and operating problems, in comparison with the other kinds of spillways. Three-side
spillways are type of outlet works at dams that are from the best options in storage dams with specific
topographical conditions - despite their hydraulic limitations and construction problems. This kind of
spillways are applicable in locations with limited available space for overall width of spillway and in
locations where excess volume for flood overload. On the other side, where modification and capacity
increase are to be necessary in existing spillways, this kind of structure is recommended. However,
inappropriate conditions in water channel - such as flow turbulence and impact of water on bed and lateral
walls of the channel- result in poor performance of these structures. In the present study, flow pattern of a
U-shaped spillway, the channel and the end sill are evaluated using computational fluid dynamics software
(FLOW-3D). RNG k-& model is implemented for simulation of turbulence. Comparison of numerical results
with experimental data shows the ability of this model to predict three dimensional flow patterns over this
kind of spillways. Hydraulic performance with reducing the pressure fluctuations in side channel is an
important issue in the design procedure of these spillways. Regarding important effect of air entrance in
hydraulic structures, two-phase analysis is performed in this study. Numerical results show that two-phase
analyses have a better performance in comparison with one-phase simulations. Studies show that changing
the inlet flow rate results in maximum error for estimating the water level and pressure profiles at bottom of
the channel at low discharges. In addition, the maximum numerical error is observed in the area where bulge
exists. By considering the actual dimensions of the model, scale effects are studied on physical model scales.
The findings have some major implications of civil, environmental and sanitary engineering, because most
hydraulic structures, storm water systems and water treatment facilities operate with Reynolds numbers
within ranging from 10° to over 10°. In a physical model, the flow conditions are said to be similar to those
in the prototype flow conditions; if the model displays similarity of form, similarity of motion and similarity
of forces. The present results quantitatively demonstrate that the dynamic similarity of two-phase flows
cannot be achieved with a Froude similarity unless working at full-scale. So that physical models are not
good in predicting air entrainment and the amount of air entering depends on Reynolds number and does not
follow Froude similarity. The largest amount of free surface profile variation due to aforementioned reason
is observed in air entrance and bulge formation zones. This variation decreases as flow moves toward
downstream or as discharge value increases.

Keywords: Numerical simulation, Three-sided spillway, Two-phase flow, Scale effect, Flow 3D
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