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Fig. 1. Flow pattern [1]
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Parameters sign unit value
Channel Width B cm 46.7
Blocks Width Wy cm 45
Blocks distance Ss cm 45
Gate opening V1 cm 1.91
Tail water Vi cm 17.4

Table (3) Common parameters in every model
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Investigated
Parameters

Block distance from

" e Y xb the gate (cm)
o /0 Y/AN hb Block height (cm)
Rectangular  Standard SH Block Shape
/8 v/8 ¥/e4 Fr Froude Number

Table 1 Characteristics of models

b Jbo wkia Slaseie ¥ J g

Xb(m)  hb(cm) Block Shape No.
191 3.81 Standard Model 1
191 15 Rectangular Model 2
191 5 Standard Model 3
9.5 3.81 Standard Model 4
9.5 15 Standard Model 5
9.5 5 Rectangular Model 6
40 381 Rectangular Model 7
40 15 Standard Model 8
40 5 Standard Model 9
191 381 Rectangular Model 10
19.1 15 Standard Model 11
19.1 5 Rectangular Model 12
9.5 3.81 Rectangular Model 13
95 15 Rectangular Model 14
95 5 Standard Model 15
40 3.81 Standard Model 16
40 15 Rectangular Model 17
40 5 Rectangular Model 18

Table 2 Geometrical characteristic of models
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JUs & 1y 0L, sl VL s alld O e
Al s mES, Ol Ol sy 4 el s aiS
b 03 R el e b b SOk YL
o oS XIYEE25 s> B aS Ll o 52y 4 LS L s
@ 5,5 Sl ey edd U ie Cor DS 0L s 35S e
)sljjjﬁq\sﬁ)eM&wMWQyicla.ﬂ
191 S e sl L S L 5 Ay 4l
—(V) IS gllae RWD 055 03 ans ol Slanad 6l
0) Lok 55 emie 3 OLx (9)

)J ‘J.:.:‘ (Z =

5 oboer Sldlae Sl Jolb mls Lo A e
spdgn ods (V) S5 Gillas s aglin (Y1Y) plalylo
Laals S (6,851 e anilys o9 S35 L gode Jds &S
S o b Lals S sk iaen
53 01 gl s 5 dds Osmel o it Sl
ol sl 4 (ITAY) (o) mlig ol 5 (6 phn anlllas

9]

);(2:0) JUSL}JJC,&J.A 55‘;3‘4‘")5""“\":’4"’;5’&);1 .0 JSJ
Model-1

4L Numerical Results
* Experimental data
sl i
7ok
s
% st
>
4k
£
2l
1k
0 1 1 1 1 . 1 1 1 L %
- 08 08 04 02 0 02 04 06 08 1
uU1
xly1=5(_all
a) x/yl=5
10 T T T T
sl Numerical Results
* BExperimental Data
sl g
7L
6
2 st
>
e
3t
2k
1k
0 | | | | | | |
- 08 06 -04 02 04 06 08 1
u/U1
xly1=15(
b) xlyl=15
10 T T T T
gl Numerical Results
*  Experimental Data
sl o
7k 4
G- <
Z st 1
>
4+ 4
£ 4
oL 4
1k <)
o

-1 -DIB -DIB -0‘4 -UI2 0 Ul2 UIA U.IE EI.KS 1
u/U1

x/yl=60(€

c) x/y1=60
Fig. 5. Dimensionless profile of horizontal component of
speed at (z=0) in Model-1

43



Soslis Ao ST Je dn 5 (6 pinr aabl

53 oslsen 0L (el S Gl Sldde 5l S Gl
S 3l S5 Slaial o, &S slbsle 5 Ll 0 DSJ =3
Ail S5 81 Ol S ST .le o RWI Ll 55 ol 508 AL
oS Ll Il s Ol SidS L bl Gas Sl 4
o AL 5y 55 3E Sy a5 LIS e Ol il O
DSJ Olawas O 2 el Sl 3 Ll Gas STl il 0o
WLl mals Ol Ges S5 ae S w e Sl bl
4 Ll s RWI 55 Sl o de 5§14 a8 Sl B 0L
18] w58 Llss ool Ll 5 )
adlae ol (gsde El &S L edalis adde sl b
V) i kil 5l el s L Ol i e e
Sl 5 (TT) O 5 plalylarl) a5 odd €1 (F
03 s e Olis |, pss ulles RWI 5 DST Sl sl
Sl 855 e e a4 ol ke Jas & -

Fr=4.59 I3l & o il SEPR R IPE

Fr=4.59

NO. S S1 S2 regime
Model 1 05 09 1.4 DSJ
Model 2 0.5 0.2 0.6 Bistable
Model 3 05 1.2 1.7 DSJ
Model 4 05 05 1.2 DSJ
Model 5 0.5 0.1 0.5 RWJ
Model 6 05 038 15 DSJ
Model 7 05 15 1.7 DSJ
Model 8 0.5 0.4 0.7 Bistable
Model 9 05 20 20 DSJ
Model 10 05 09 1.4 DSJ
Model 11 0.5 0.2 0.6 Bistable
Model 12 05 1.2 1.7 DSJ
Model 13 05 05 1.2 DSJ
Model 14 05 01 05 RWJ
Model 15 05 08 15 DSJ
Model 16 05 15 1.7 DSJ
Model 17 0.5 0.4 0.7 Bistable
Model 18 05 20 20 DSJ

Table 4 Regime of each model in Fr=4.59
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Fr=25 I3l & LAL;...{L:)'T =3 Cy'\ NPECS

Fr=2.5

NO. S S1 S2 regime
Model 1 2.0 3.3 3.7 DSJ
Model 2 2.0 1.0 1.9 RWJ
Model 3 20 46 4.4 DSJ
Model 4 2.0 2.1 3.2 DSJ
Model 5 20 0.6 1.6 RWJ
Model 6 2.0 2.9 3.9 DSJ
Model 7 2.0 54 43 DSJ
Model 8 2.0 1.7 2.2 Bistable
Model 9 2.0 7.4 5.1 DSJ
Model 10 2.0 3.3 3.7 DSJ
Model 11 2.0 1.0 1.9 RWJ
Model12 2.0 46 44 DSJ
Model 13 2.0 2.1 3.2 DSJ
Model 14 2.0 0.6 1.6 RWIJ
Model 15 2.0 2.9 3.9 DSJ
Model 16 2.0 54 43 DSJ
Model 17 2.0 1.7 2.2 Bistable
Model 18 2.0 7.4 5.1 DSJ

Table 6 Regime of each model in Fr=2.5
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Fr=35 I3 & ba_tlesl o5, g5 0 Jax

Fr=3.5

NO. S S1 S2 regime
Model 1 1.0 16 22 DSJ
Model 2 1.0 05 10 Bistable
Model 3 1.0 22 27 DSJ
Model 4 1.0 1.0 1.9 Bistable
Model 5 1.0 03 09 RWJ
Model 6 10 14 23 DSJ
Model 7 10 26 26 DSJ
Model 8 1.0 0.8 13 Bistable
Model 9 10 36 31 DSJ
Model 10 10 16 22 DSJ
Model 11 1.0 05 1.0 Bistable
Model 12 1.0 22 27 DSJ
Model 13 1.0 1.0 19 Bistable
Model 14 1.0 03 09 RWJ
Model 15 10 14 23 DSJ
Model 16 10 26 26 DSJ
Model 17 1.0 0.8 1.3  Bistable
Model 18 10 36 31 DSJ

Table 5 Regime of each model in Fr=3.5
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Abstract:

The hydraulic jump takes place in both natural and manufactured systems. As it can be seen in streams,
rivers and water distribution and irrigation networks formed downstream of hydraulic structures such as
spillways, sluice gates, and drops. Generally, it is necessary to construct special structures downstream of
flow in order to prevent damage caused by the high energy of water in supercritical velocities and also to
dissipate the extra kinetic energy of hydraulic jumps. Stilling basin is one of these structures which is
constructed downstream of spillways or waterfalls. Baffle blocks are often used to stabilize the jump,
decrease its length and increase the energy dissipation. In order to make stilling basin with its dissipating
equipment effective, the design should be in a way that the tailwater depth becomes greater than or equal to
the sequent depth, otherwise, the jump doesn’t occur completely and will be swept out of the basin, resulting
in scour of the downstream channel. If the flow rates become more than the design discharge, the tailwater
depth will be greater than the one required for a free hydraulic jump. These situations are common in low
head hydraulic structures including low diversion dam spillways and gates. Under such conditions, the
hydraulic jump will be submerged. For submerged hydraulic jumps with blocks, two different types of flow
have been observed, the deflected surface jet regime (DSJ) and reattaching wall jet regime (RWJ). There was
also a transition state in which the flow could be changed from one state to the other by some external
disturbance. In this article, a numerical study was conducted to investigate the influence of some parameters,
consist of block height and shape, Froude number and distance of blocks from the gate, on the performance
of submerged hydraulic jumps with blocks as energy dissipators. 3D RANS simulations have been applied
by Fluent software. RSM turbulence model was used which illustrated much precise results in verification.
In total fifty-four models with different geometrical and hydraulic situation according to the four mentioned
parameters have been created and the percentage of dissipating energy is presented in each case to find the
most effective condition. It was observed that the Froude number is the most important factor in the study of
dissipating energy; such that the percentage of dissipating energy increases almost ten percent per one unit
raise in Froude number. Furthermore, the existence of a slope at the back of blocks does not have an effect
on energy dissipating, but it can be implemented to avoid cavitation. In addition, the percentage of
dissipating energy goes up as the blocks are mounted closer to the gate and also provided the condition
which leads to the deflected surface jet regime. The more turbulence in the deflected surface jet regime
makes the desirable condition in which baffle blocks perform more efficiently as energy dissipators in
comparison to reattaching wall jet regime. Finally, it can be concluded that for effective energy dissipation,
block dimensions and all conditions should be provided in a way to form submerged hydraulic jump as the
deflected surface jet regime.

Keywords: Energy dissipation, submerged hydraulic jumps, baffle blocks, numerical simulations, stilling
basin.
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