Ledsd (3l gad) aladiindy A jaal) ilaall o1a) G 4y piidia A 33 128 S

LeB g8 (3 gadl aladinily An jial) grélaal) o a) Cpeuad 4y yiidia 4l )

S S B algl)

o bsa uda

aadAl

A JSLE any (ra (aldil) A glaa pea 7 tal) gribial) aladicdy 4BUal) 3ad Al 3 ) 138 B &
Cua Gl dgled B Al ggd) ClelBil) g qgual) ()9S5 Lia guad g cildiall oda (398 plall (la Mie gl
s Al uladl) (e 238y jal el Ala Joh o adalal) g e dgdaa (3198 (2 ) 13gd anii)
iy by ) A 5a s ilaall atha (il sad) (las) (b a3 4 2 JS (A g ¢ (331 sad) aladiud pa g g g e Rl
A Gl gad) a9 g ) g Aol sl gmadl e palAil) B gl gadl et ) i) il o LT Gy el Gl
LQ-A\M\.\.\QMLH\ MMGJM‘_MS‘JUNUJ‘_\&AA‘_UM‘HE\UAJMM AJAAS@M\MJUJQ
d.s.s,@u\uuﬁmwu_s”uu\uﬂ\wiu u\u&@\yﬁ\eimiu\@hﬂ & g af Las
A ypad e g mihall e dgba cl il ) ¢ ga g @il Juadl e J guaal!
iy jluadl) ¢ da gidal) ol gil) | ABUAN) aah | (51 gad) ¢ Ap el ilaal) ¢ AN cilalsl)

Experimental Study for Improving the performance of Stepped
Spillway using an Obstructions

Elham Majeed Kurukji
Water Resources Dept., College of Eng., Mosul Univ.

Abstract

In this paper the energy dissipation was studied using stepped spillway, in
addition to that the elimination of air pockets which take place at steps was also studied
by using obstructions along the edge of steps. These obstructions were made from iron
with square cross-section. Several experiments were conducted on stepped spillway with
and without obstructions. The results of the experiments showed that these
obstructions were very successful in eliminating air pockets. Their present in general
had a positive effect on energy dissipation along the stepped spillway. The results also
indicated that the use of these obstructions should be started from second step until the
middle step of the spillway.

Keywords: stepped spillway, obstructions, energy dissipater, open channels, discharges.
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N clbeald) G 2(2) Joia

A S | g3l
E E cyr% Cm?/sec gr; Cn\1//gec cEr; CnY/zsec Fr clfn2 AE% o&'-'j;i‘
1] 1] 22| 195 7.4 10.98 | 47.2 3.26 0.0383 | 7.41 | 84.31

2 | 37 | 1956 6.5 6.53 48.7 3.72 0.0465 | 6.51 | 86.64

3| 37 | 1956 7 6.53 48.7 3.45 0.0416 | 7.01 | 85.61

4 | 37 | 1956 6.9 6.53 48.7 3.50 0.0425 | 6.91 | 85.82

5 | 3.7 | 1956 6.9 6.53 48.7 3.50 0.0425 | 6.91 | 85.82

6 | 3.7 | 1956 6.8 6.53 48.7 3.55 0.0435 | 6.81 | 86.02 o

7 | 37 | 1956 6.8 6.53 48.7 3.55 0.0435 | 6.81 | 86.02 3

8 | 3.7 | 1956 6.7 6.53 48.7 3.60 0.0445 | 6.71 | 86.23

9 | 37 1956 6.7 6.53 48.7 3.60 0.0445 | 671 | 86.23

10 | 3.7 | 1956 6.8 6.53 48.7 3.55 0.0435 | 6.81 | 86.02

11| 2 1956 6.7 12.07 47 3.60 0.0445 | 6.71 | 85.73

12| 2 1956 6.9 12.07 47 3.50 0.0425 | 6.91 | 85.31
2 | 1| 42 | 3853 8.8 11.33 | 49.2 5.41 0.0582 | 8.81 | 82.08

2| 5 3853 8.6 9.51 50 5.53 0.0602 | 8.62 | 82.77

3| 5 3853 | 8.45 9.51 50 5.63 0.0618 | 8.47 | 83.07

4| 5 3853 8.2 9.51 50 5.80 0.0647 | 8.22 | 83.57

5| 5 3853 8.2 9.51 50 5.80 0.0647 | 8.22 | 83.57

6 | 51 | 3853 8.4 9.33 50.1 5.66 0.0624 | 8.42 | 83.20

7 | 51 | 3853 8.3 9.33 50.1 5.73 0.0635 | 8.32 | 83.40

8 | 51 | 3853 8.5 9.33 50.1 5.60 0.0613 | 8.52 | 83.00

9 | 51 | 3853 8.3 9.33 50.1 5.73 0.0635 | 8.32 | 83.40

10 | 5.1 | 3853 8.5 9.33 50.1 5.60 0.0613 | 8.52 | 83.00

11| 3.7 | 3853 8.3 12.86 | 48.7 5.73 0.0635 | 8.32 | 82.92

12| 36 | 3853 8.6 1321 | 486 5.53 0.0602 | 8.62 | 82.27 G
3| 1| 46 | 10164 | 96 2728 | 496 | 13.07 | 0.1347 | 969 | 80.47 3

2| 6 10164 9 20.91 51 1394 | 0.1484 | 910 | 82.16

3| 6 10164 | 8.8 20.91 51 1426 | 0.1535 | 890 | 82.54

4| 6 10164 | 8.9 20.91 51 1410 | 0.1509 | 9.00 | 82.35

5| 6 10164 | 9.1 20.91 51 13.79 | 0.1459 | 920 | 81.97

6| 6 10164 | 9.3 20.91 51 1349 | 0.1413 | 939 | 81.58

71 6 10164 | 9.35 | 20.91 51 13.42 | 0.1401 | 9.44 | 81.49

8| 6 10164 | 9.2 20.91 51 1364 | 0.1436 | 929 | 81.77

9| 6 10164 | 9.2 20.91 51 1364 | 0.1436 | 929 | 81.77

10| 6 10164 | 9.2 20.91 51 1364 | 0.1436 | 9.29 | 81.77

11| 46 | 10164 | 95 2728 | 496 | 1321 | 0.1368 | 959 | 80.67

12| 46 | 10164 | 95 2728 | 496 | 1321 | 0.1368 | 959 | 80.67
4|1 |605| 18229 | 106 | 37.20 | 51.05 | 21.23 | 0.2082 | 10.83 | 78.79

2 | 73 | 18229 | 10.7 | 30.83 | 52.3 | 21.03 | 0.2053 | 10.93 | 79.11 4

3| 73 | 18229 | 102 | 30.83 | 52.3 | 22.06 | 0.2206 | 10.45 | 80.02 3

4 | 73 | 18229 | 102 | 30.83 | 523 | 22.06 | 0.2206 | 10.45 | 80.02
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5 | 73 18229 10.4 30.83 52.3 21.64 0.2142 | 10.64 | 79.66
6 | 7.3 18229 10.5 30.83 52.3 21.43 02112 | 10.73 | 79.48
7 7.3 18229 10.8 30.83 52.3 20.84 0.2024 | 11.02 | 78.93
8 | 7.3 18229 11.3 30.83 52.3 19.92 0.1892 | 11.50 | 78.01
9 7.3 18229 115 30.83 52.3 19.57 0.1842 | 11.70 | 77.64
10| 73 18229 10.9 30.83 52.3 20.65 0.1997 | 11.12 | 78.74
11 | 57 18229 10.8 39.48 50.7 20.84 0.2024 | 11.02 | 78.26
12 | 5.8 18229 10.6 38.80 50.8 21.23 0.2082 | 10.83 | 78.68
1 7 26219 | 11.55 | 46.24 52 28.03 0.2633 | 11.95 | 77.02
2 8.2 26219 11.3 39.47 53.2 28.65 02721 | 11.72 | 77.97
3 | 82 26219 | 11.65 | 39.47 53.2 27.78 0.2599 | 12.04 | 77.36
4 | 82 26219 115 39.47 53.2 28.15 0.2650 | 11.90 | 77.62
5 | 82 26219 11.3 39.47 53.2 28.65 02721 | 11.72 | 77.97
6 | 82 26219 11.6 39.47 53.2 27.90 0.2616 | 12.00 | 77.45
7 8.2 26219 11.6 39.47 53.2 27.90 0.2616 | 12.00 | 77.45
8 | 82 26219 115 39.47 53.2 28.15 0.2650 | 11.90 | 77.62
9 8.2 26219 11.6 39.47 53.2 27.90 0.2616 | 12.00 | 77.45
10 | 8.2 26219 11.6 39.47 53.2 27.90 0.2616 | 12.00 | 77.45
11 7 26219 11.6 46.24 52 27.90 0.2616 | 12.00 | 76.93
12 7 26219 11.6 46.24 52 27.90 0.2616 | 12.00 | 76.93
1 7.8 27221 12.1 43.08 52.8 271.77 0.2549 | 12.49 | 76.34
2 8.8 27221 11.9 38.19 53.8 28.24 0.2614 | 12.31 | 77.13
3 | 88 27221 12 38.19 53.8 28.01 0.2581 | 12.40 | 76.95
4 | 88 27221 11.9 38.19 53.8 28.24 0.2614 | 12.31 | 77.13
5 | 88 27221 11.8 38.19 53.8 28.48 0.2647 | 12.21 | 77.30
6 | 88 27221 11.9 38.19 53.8 28.24 0.2614 | 12.31 | 77.13
7 8.8 27221 12.3 38.19 53.8 27.32 0.2487 | 12.68 | 76.43
8 | 88 27221 12.1 38.19 53.8 21.77 0.2549 | 12.49 | 76.78
9 8.8 27221 | 1255 | 38.19 53.8 26.78 0.2413 | 12,92 | 75.99
10 | 8.8 27221 | 12.25 | 38.19 53.8 27.43 0.2503 | 12.63 | 76.52
11| 7.8 27221 12.1 43.08 52.8 21.77 0.2549 | 12.49 | 76.34
12| 7.8 27221 | 11.95 | 43.08 52.8 28.12 0.2597 | 12.35 | 76.60
1 9.5 38183 | 13.55 | 49.62 54.5 34.79 0.3017 | 14.17 | 74.01
2 | 10.3 | 38183 | 13.85 | 45.77 55.3 34.04 0.2920 | 14.44 | 73.89
3 | 10.3 | 38183 | 1345 | 45.77 55.3 35.05 0.3051 | 14.08 | 74.55
4 | 10.3 | 38183 | 13.55 | 45.77 55.3 34.79 0.3017 | 14.17 | 74.38
5 | 10.3 | 38183 13.6 45.77 55.3 34.66 0.3001 | 14.21 | 74.30
6 | 10.3 | 38183 | 13.65 | 45.77 55.3 34.53 0.2984 | 14.26 | 74.22
7 | 10.3 | 38183 13.7 45.77 55.3 34.41 0.2968 | 14.30 | 74.13
8 | 10.3 | 38183 13.8 45.77 55.3 34.16 0.2936 | 14.39 | 73.97
9 | 10.3 | 38183 13.9 45.77 55.3 33.91 0.2904 | 14.49 | 73.80
10 | 10.3 | 38183 | 13.95 | 45.77 55.3 33.79 0.2889 | 1453 | 73.72
11| 95 38183 13.8 49.62 54.5 34.16 0.2936 | 14.39 | 73.59
12 | 9.65 | 38183 13.7 48.85 | 54.65 | 34.41 0.2968 | 14.30 | 73.83
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