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ABSTRACT: The supercritical flow as the inflow at upstream of the vertical drops can produce a
considerable impact, destruction and erosion at the downstream of drops influence by fall and collision.
Therefore in this study, with the aim of evaluation and prediction of the general behavior of hydraulic
parameters in vertical drops with the supercritical flow at upstream, 55 experiments were carried out
with various discharges and Froude numbers. The experimental results indicated that in the supercritical

flows, by increasing the relative critical depth and Froude numbers, the relative length of drop, the

relative length of splashing and the relative total length of the drop were increased. However, by  Keywords:

increasing the relative critical depth and Froude number, the relative depth of the pool initially increases v, a1 drop

and then decreases, and the relative energy loss is initially reduced and then increased. By increasing the .
. .. . . supercritical flow
Froude number at a constant relative critical depth, the relative length of the drop, the relative length of

splashing, the relative total length of drop and the relative energy loss increases, and relative depth of the relative critical depth

pool decreases. Also, in a constant Froude number, by increasing the relative critical depth, the relative ~ relative depth of the pool
length of drop, the relative length of splashing, the relative total length of the drop and relative depth of  energy loss

the pool increase, and the relative energy loss decreases. Meanwhile, the results of the present study with

the larger range of Froude number were compared with the previous studies and were studied the reasons

for the agreement or disagreement.

1. INTRODUCTION

A vertical drop is a hydraulic structure that reduces
the longitudinal slope to the level of the design slope. This
structure is used in areas with mountainous topography to
transfer water from the upstream to the downstream of a
canal. The inflow, as an important design parameter, is usually
sub-critical in the upstream of the vertical drops. However,
in some cases due to the topographical conditions of an area,
installation of a gate before the drop, or construction of drops
with short longitudinal distances, the flow pass through the
upstream of this structure with a supercritical regime.

The most of the studies on vertical drops by researchers
such as Gill [1], Rajaratnam and Chamani [2], Chamani et
al [3] focused on the hydraulic parameters of the vertical
drops with a subcritical inflow at upstream. But there are
also some studies on investigating hydraulic parameters of
vertical drops with the supercritical flow at upstream such as
Chamani and Beirami [4], Tokyay and Yildiz [5], and Liu et al
[6]. An overview of these studies indicates the differences in
the results presented for the vertical drops with supercritical
flows. Therefore, the current research was carried out with
the purpose of studying the behavior of hydraulic parameters
in a vertical drop with an upstream supercritical flow and
comparing the results with the former research.

*Corresponding author’s email: daneshfaraz@yahoo.com

2. MATERIALS AND METHODS

Experiments on vertical drops with supercritical flow
were carried out in a laboratory flume with a length of 5 m,
a width of 0.3 m and a height of 0.45 m. In the Table (1) the
main characteristics of the vertical drop with a supercritical
flow are presented.

3. RESULTS AND DISCUSSION
3.1. The total length of the drop

The distance between the splash point to the brink of the
drop, which is known as the total length of the drop in the
supercritical free overflow, is calculated as the sum of the
impinging jet distance to the bottom from the brink and the
length of a splash. Fig (1) depicts the relative total length of
the drop with respect to relative critical depth and Froude
number.

The results show that the behavior of total length of drop
with respect to the changes in relative critical depth and
Froude number are similar to the parameters of the length
of drop and the length of the splash. With an increase in
relative critical depth and Froude number, the values of these
parameters also increased. Moreover, for a constant relative
critical depth, the relative total length of the drop increased
with an increase in Froude number. For a constant Froude
number, increasing the relative critical depth leads to an
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Table 2. Characteristics of the experimental model

Model’s description

Supercritical flow generator gate

vertical drop

Opening’s Height Thickness Height Width(cm) Height Width Length
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Fig. 2. Variation of relative depth of pool versus: a) Relative critical depth; b) Froude number

increase in the value of this parameter.

3.2. Pool depth

Fig. (2-a-b) represents the relative changes in pool depth
below the falling jet with respect to relative critical depth and
Froude number. According to Fig. (2-a), it can be observed
that for a constant gate opening, by increasing in the relative
critical depth and Froude number, the relative pool depth
increases initially and then decreases.

The results show that by increasing Froude number
for a constant critical depth, the relative depth of the pool
decreases. Also, for a constant Froude number, increasing the
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relative critical depth leads to an increase in the relative pool
depth.

3.3. Relative energy loss

Relative energy loss, which is the main function of vertical
drops, usually occurs as a result of jet impact to the bottom
of the pool and turbulent flow in the pool below the jet. In
vertical drops with the upstream supercritical flow, the strike
to the bottom happens with a higher intensity as a result of
the higher velocity of flow, which leads to a splash of water
after the jet strikes the bottom of the pool. The splash in
the downstream section, can increase the energy loss by
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Fig. 3. Variation of relative energy loss versus: a) Relative critical depth; b) Froude number

increasing the turbulence and the air-water contact surface.
Fig. (3-a-b) shows the changes in relative energy loss with
respect to relative critical depth and Froude number.

According to Fig. (3-a-b) with an increase in the relative
critical depth and upstream Froude number for a constant
gate opening, the amount of energy loss decreases initially,
then increases. Also, the results show that in a constant
relative critical depth, with a decrease in the gate opening and
the increase in Froude number, the amount of relative energy
loss increases. Also, for a constant Froude number, increasing
the opening of the gate, which has a direct relationship with
the relative critical depth, leads to a decrease in the amount of
relative energy loss. The reason for the increased energy loss
after an increase in Froude number is the increased amount
of flow splash.

By comparing the behavior of relative energy loss of the
present research to the research by Chamani and Beirami [4]
it is found that the results of the present research are in no way
consistent with the results obtained by Chamani and Beirami
[4]. Apparently, the reason for the great inconsistency
between the results obtained by the two studies is that the
effect of the flow splash after the jet strikes the bottom was
not accounted for in the research by Chamani and Beirami
[4]. Also, the comparison between the energy dissipation
behavior of the present study and Tokyay and Yildiz [5]
indicates a similarity in the decreasing energy loss with the
increase in Froude number up to 4. However, the amounts
of relative energy loss obtained by Tokyay and Yildiz [5] are
bigger than the laboratory results of the present study.

4. CONCLUSION
The following results were obtained for hydraulic
parameters of vertical drop using the laboratory model of the

present research:

1- The relative length of drop, relative length of the splash,
and the relative total length of drop increased with an increase
in the relative critical depth and Froude number.

2.Increasing the relative critical depth and Froude number,
the depth of pool initially increased and then decreased. At
the same time, the relative energy loss initially increased and
then decreased by increasing the relative critical depth and
Froude number.

3. The results of the present study with respect to the effects
of the upstream Froude number on the behavior of relative
energy loss were in no way consistent with the research by
Chamani and Beirami [4] and the only similarities with the
results of the study by Tokyay and Yildiz [5] were the overall
behavior of energy loss for Froude numbers smaller than 4.
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Table 3. The range of measured variables in the vertical drop model
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Table 4. The relationships of evaluation criteria

n

Y olae <)) sl
- ’
RMSE = [ (X o~ Xy ) Slaye eSle i sllas

nZX expX Cal_(ZX exP)(ZX C“’)

R =( ’ et G

P X=X ) 1 QX2 =K )’ o s

RE_|XeXp_XcaI s
j Xexp Ca €

b X (Sidypad sl oot aalone polie X oy 5 alfinlol polio X o« alinlejl slaosls oluss 11 51 5o a5

Ol 0955 dgame (gl culpl Bl (oo Pl AT L cr 0 )95
o S1os S all el ol s Ghe sl oSl wb alals
2 bogd ad S A s e SO asile (S8 Gl ad Sl g5
5 9555 o oonlie 1,0, ) iy o el 585 s
5 (V) adsl ey Jsle g0 @iuﬁ: Logs ons b a8l alols
oty 01 (K (O s 15 ) el 95 el S
ol b alols o Jsb arsle cuz ) Ly, 5l Oly o

19905 00laiwl (KD ol oand Jobo)

L 2

—==V,[— )
h gh

L, 2y,

—:F]/’ E— (\°)
h N

do & SO ed (g Job a5 wes (e plas (V) alal,

Dl (S CewdVl Bes g 99,8 dae (S o gl Jule
Wy Glyz @99 998 dae Jole 90 4 5 SVl Bes
3 858 das (0n d9zse 4 4zl b a5 (Y, C GFT) ooy
) Obyr @ g osnled Gleie a ]y Sl Ges (g o0 alal,
5o sl 0 5 e i 2 555385 o[£

Sgai Sl CawsV

L,
—“ oc Fr, =< Ay
i 0

5 S 58 oz o b 65 o s (1) S5

1Yy

o g mbs Y
sV 5o Glzm 398 sle Gl b el sle oS8 et o
S 0l Vb S p S 4 S e ad 5l 0l e b
Ol e ars iy sl alold o (538 cr o Sl 5 sl by &
Slaseie calis [V0 ) ] 0w o byt (6505 3,95 0 argls b
98 (59,55 Jodd 4 ojlsen Sl &S a4 L S 0,5
V] ggils) ol sogr el Bl cavs Gl o Al ol
0 e bgin LUV ] o) e g Luge Y] (60165 5 (gl
Ced 50 4 0l 2 0Tl 095 2 5l a5 5l 31 4y (polidl >
ol o0 Sl g Sl Byl 4y 5l (e 45 358 g0 o
Al s 4y (S Gl il o0 Ol s b Cees
WLl S il Bes osims Gl (Lol adlge lgie @
90 4 095 ol Sl 4 a8 bya oliee A O] il ons
Sy Pl G L e 0595 agly 5 63959 Olz o ble
(Sygee S )93 p dugly g (20 GRIPBIL Ay ek 4 el ond
oz IVl o (8l bsis Jl 0 c iy Sl Bes
S 4 e glays S o abojle cal 5o 6550 Sl

[A ,a] Sl 00 GS)MWﬁ) )m;u‘ ) Ub)'> pJG)Ls).?!a.MJ‘

O s Jobo Y=
Jbo 0 co 0,55 oo b S0 ol o 8l g alold
s oo wiLiE (S8 Lo b lsie 4 45 Al GS | bk
3 2 (Sl JuS g b (S s (b 50 eee 65k



WAY b \WVE doiuo VYAR Lo &Y 0yl OY 093 epusS pual 3 yas (wvbites &yl

® gate opening=1.3cm [

gate opening=1.7cm @gate opening=1.3cm o gate opening=1.7cm Agate opening=2.1cm

A <>° .°
2.5 1 P
AA<><>o
Ao ®
E 2 A AAO.
= A ©
- A O o
A °
1.5 - A O O
A%o.
O o
i e
1 - 0.
Al o
AOO
0-5 T T T T 1
0 2 4 6 8 10
Fr

Cawd¥l 89,8 due (0 g (o (Sl Boe (Al 4 Cond (Sl (oo Job Ol i ¥ K%
Fig.3. Variation of the relative length of the drop to a) Relative critical depth and b) Froude number
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@®gate opening=1.3cm ¢ gate opening=1.7cm Agate opening=2.1cm @®@gate opening=1.3cm ¢ gate opening=1.7cm Agate opening=2.1cm

3.5 - 35 -
[ ] [ ]
37 o’ <><> 4 3 4 <>°o ¢
A A
2.5 4 ® <><> 2.5 - qo.
d o ab Ao
° © )
= 2 - PRI = 2 1 ado
\& o A \& D
® o aa b, ®
1 5 ] .. OAAA 1 5 -1 A‘A [
&A AANO
1 ° % 1 - °°o
A
g% W52
[ 3¢ Qe 0

05 { *344 L 0.5 - ad’e -

0 T T 1 0 T T T T 1

0.1 0.2 0.3 0.4 0 2 4 6 8 10
y./h Fr

CawdVl 39,8 due (g (o Iy Gos (W &) o (Fawldly (o Job Oyt O S
Fig. 5. Variation of the relative length of splashing to a) Relative critical depth and b) Froude number

Ol Rlsp badl (oo bode Jlo 5o plyz ol @pad g 4 SVl e Gl ) obr b et e S8 el o
39 oo sl Koo alabie 4 ahabie S 5l )] a8 L.;)m“ Jesl 4 Od o g Saaly ade el oaii o )Lal L > Sanily 09>

O Sl 38 obr e el (S e (Shb el Sl B9 sle Gl e ARl WS L e 555l Gl >

1Yvy



WAY b \WVE doiuo VYAR Lo &Y 0yl OY 093 epusS pual 3 yas (wvbites &yl

3.5

/
/
/
3 - Relative Error=7.23% 4
Max Error=30% +15% ,’ 27
A e
’ /A A t’
2.5 A 4 AA /s
/ /
/ A A 7
/ 7/
-15%
V4
= /
§ 7 /A /,
= Vs
O 1.5 1 , e
S 70/ &
5 7 Ak
=] ‘,,/ (i
d A Relationship data
0.5 1 J A Test data
4
0 T T T T T T
0 0.5 1 1.5 2 2.5 3 3.5

L, /h Experimental

o llxs yrolio b 22 _al8it Lol yolie dmnlio 5 IS5
i

Fig. 6. Comparison of laboratory values Ly with computational values
h

sP

L 0.627
2=0.609 (%j (Fr)"™ 10.183

QA

YIYY QT g bz lhugie a5 ol las OT odd Fam e

J.MJL)LSAM)QY‘ Sg>g0 6Ua.>)..5|..\:>5mjo

5 s S S Yo

b oS oS8 o ad 5l 0l (Fandl 955 oo alold
ST sle )38, Sl 358 Bl 0 0b e IS S5k plgie
ad 5 GS & 65,55y o alols per Jols 5w e azslis
355 oo drlmo (Ly =Ly +Ly,) (Sawsly Job b oS5 oot
Sl Bee Jlie ,0 058 et IS s Jobo (V) Jsis [V ]
D2 oo lii ],y 09,8 Sue g (grd

S, amo o lis ol ikl sla esls 4 jghilen

338 g o (Sl Gee Olpa b S cod (IS Job sl )b

S il o Job (0) S ol coenl glyls el )l ol Job
Sl 5 0513 GLES T, 053 806 5 e Sl Gae Mia o ooy
o Job 39,8 00 g oed Slon Ges Gl L S o)l
i om G 3 St
dae i)l L as 00 5 o sanline (g AI-0) JSo Gillas
ORI (Saebly oo Jsb Coll (o Sl Bes G 50 0958
o 5l Sl 59,8 508 Sy 5 o e B el b 85
IS8 anlie a5 el Jl o cpl il oo Jial38l 58 (Sansl
Gt Sl s Job Gl 3 Sl s Sl 5ac
P Sl 098 008 Sy )3 (oed Sl Bee SRIPBI 5L @
YY) s abal, ‘Scelf..i._ll.aﬂ sl ools sloslatnl b puzman 0l 0
39,8 09 g (omd Gl Bes cep by (SeBl 0y

:.x.;.o)f 43‘)\

1Yve



WAY B AVED doxio AYAR Jlo &Y 0yl DY 095 ¢3S ol () yo (saobie 4yl

@gate opening=1.3cm < gate opening=1.7cm Agate opening=2.1cm @gate opening=1.3cm ¢ gate opening=1.7cm A gate opening=2.1cm

o o o o
° ° A A o ®
° °
5 4 ° o A 5 A A %o
<
° O L4 Aoe
o
4 . o at 4 - A;o .
O A = A

= =
< ° SN = A0 o
= ° o A Ay ®

3 - A 3 ad

o Ca A OO0
<o
L4 00 A %‘0 i
2 - i gAA 2 A A%) i
e 9 Ao o
° 2‘ all AAO ° Q
o8 ade
1 T T 1 1 T T T T 1
0.1 0.2 0.3 0.4 0 2 4 6 8 10
y./h Fr

Cawdl 89,8 due (0 g (oo S o Boe (Al ) Cond S ol (LS (s Job Ol s Y ST
Fig. 7. Variation of the total relative length of drop to a) Relative critical depth and b) Froude number

6
/
Relative Error=3.96%
Max Error=8% A7
5 A A /
/7

4 -
%)
=
=
)
=
@
SERE

a
o
A Relationship data
2
A Test data
1 T T T
1 2 3 4 5 6
L, /h Experimental

L -
Flolmo palin b = L5 polio dmglis A S

Fig. 8. Comparison of laboratory values of L, with computational values
h

YYvo



WAY b \WVE doiuo VYAR Lo &Y 0yl OY 093 epusS pual 3 yas (wvbites &yl

®  gate opening=1.3cm
0.6 - °

gate opening=1.7cm
A gate opening=2.1cm
Rajaratnam and Chamani (1995)
0.5 1 = = —Esan et al 2004)
< 0.4 -
=S
AA
0.3 -
% Soe,
0.2 -
al)
0-1 T T 1
0.1 0.2 0.3 0.4
y./h

@ gate opening=1.3cm ¢ gate opening=1.7cm Agate opening=2.1cm

A‘AA
0.4 - A "
A Ap
A A
4 00
ab 0 %004
A" o0 »
0.3 1 A ° '
¢ oo, ©
= o ° °*, ©
B ® PY .0.
° ®e
0.2 -
&
0-1 T T T T 1
0 2 4 6 8 10
Fr

Cawdl 89,8 due (0 g o S o Goe (Al ) S il (owd Gos Ol s A S
Fig. 9. Variation relative pool of the depth to a) Relative critical depth and b) Froude number

polie 5 )8y g5 50 (IS 0glis 2525 [VF] a5 LS5 5 [0
olas DV ol 5 ez 45 (6l a5 4y 020 (oo L | el )y ol
s (S e 9 Ol 39,8 Sue 4 Il (oo Gae 45 sl
JESSW PN SV R J IEVRVARNIPYIR g% JPC 1| PR O oW
2Eaalejl polie e s S lo 3958 sae I it |,
S DVF] 5l 5 LS5 Lags 2elly ol sl 00 (6,05 o5l
ST VWl PR (1] ol 9 Sz b_asli,i:%uﬂ polie 3l i
b 5o ca 5l Gos el )y (nl s ys (S Gy gz okt
OB et Byl (e et )0 e LG Olge 4 b
28,5 )18 60 ojlail o5 Sl ok ad (S0 50
ﬁ.j)&lé&wdﬂgjomo&Lu(gjdl—‘\)Jﬁ
il (o0 99,8 038 5 (i (G20 Boe 4 S g > 0 Cx
o Sz Glee! sl 30,5 o odmlice (il -) JSb illas
Sigo b o alin Lol Sl i Gos 5, ST
Slp Dol e g ool g [A] oz g plsl o, Lawgs 4338
sae Ll b as el Jb s cnl il oo Shew ) ol
B j5b 4 el (o Gas ylaie 0-F o5l 4 )] (a5 99,8

428l (oo (Sl Jsb g (SO et Jsb el g9 asile 39,8
Febl onljlade 093 dae g (oo Slow Boe GlPI L a5 sk
ORI L ol o Gl Bes o 0 (rizmen il (oo Sl
Sae sl il oo Rl S el IS (o Sk 05,8 S
Lyl crl jlade (o Glmm Goe (il b 5 cb 098
PEglojl glo 00l Slosliinl b ad 10 055 (50 9 4ug) il
1200 )5 )l 058 cod (IS (o Jsb (S i 12 OF) 4l

L 0.7193

0213335 | 2o | ()PP 40.7044 O
h h

2olie b 055 o (IS (oond Jsbo (88203 0lie alia
\EAYRA] s gl lawgie a5 ol las ol e S e

Aok (o by A 3gzge sl JiSTas g s o

il Gec Y-F
Ol 5o il gl Bes Al 40 43S O o Olalllas

A



WAY B AVED doxio AYAR Jlo &Y 0yl DY 095 ¢3S ol () yo (saobie 4yl

A Relationship data

A Test data

0.5
Relative Error=4%
Max Error=10.6%
0.4 1
"]
k|
> Vs
= cad
o 7y
= /
= s A
= V
>n-3 N i P
/ /
WY o e
£/t
, s
K
A/
0.2 T
0.2 0.3

0.4 0.5

¥y, /h Experimental

liloo ol Yp (aIRagLojT yolio dumlio Ve JSCi

h
Fig. 10. Comparison of laboratory values Yp with computational values

o O polie b sVl 898 sue g oond Sl e s
il et o gllas g 45 ols ol (V0) alasl, Loy o
PEiolos] polie duslio yizmen .ail (oo 0o yd VYO Slake g0
Ol (1) U8 5o ol osdh gy o ol b bl (oo G

g 0o, ¥l i Gl hogo a5 o)l oo Lo g ool cols

DO (oo by V[P 55250 sl yiSTos

&5l Sl -0
slo S8 cod (653 el dse p3 485 890 Slalllas
ol 9 s ey had cansVb jo Sl 398 L b oS8
o 9 oz ol 4y Syg0 DVF] ki g WSy 5 V]
e e bl boas wols plas aaslesT owyp U D
32 b oo el Sl 5 ol 4 Cand 6550 Sl
398 e 3l Jits 1, (55,31 SOl NVF] 00l 5 5LS's5 S
655 SNl polie d92g (pl b eis S Lo (Kb ol cunsVl

Shes Shew G398 ol sl olal sl &.Lc}] 5 ol Cwdy

vy

h

(555 2 0ky?) (S5 p (20 Gl ol a5 el GBS L cr
Al oo by b )5 o ] B o
i3 b el s ol Lt 55 (Ll -3) U5 4o S shailen
SIS ] s o 1ol (e S G S 53 09,8 506
e gl et Gl L 5 Sl 35,8 506 s sl il e
9o ) dmlie uizmen Wb (oo SIS Rl (oo Gos
s Sl Gos bl o Lol Bihod o Sl (el Bes
ol Sy D el 5 (cozr @l b gnen o5 wms o ol
Gyt sl o ooVl 39,5 sas pyolie 4 dily LS el
e 398 sl b Glp Sl s Ges (L8, S G
Ayl CawoVl 99,8 dac 5 o Slpe Bos >  (10) alaf)

=

1390,5

—2.6395y—“j

¥ 1.9342 (
7”:17_86 [%j (Fr+1.6374) " A\ o)

DV ol g oo andllas ;o 5] cond Gos polie duslio



WAY b \WVE doiuo VYAR Lo &Y 0yl OY 093 epusS pual 3 yas (wvbites &yl

@®gate opening=1.3cm < gate opening=1.7cm Agate opening=2.1cm @gate opening=1.3cm ¢ gate opening=1.7cm Agate opening=2.1cm

0.7 1 )
°
°
00. °°
) O
OO
0.6 . o .
°
=) PY [ ] <o A‘
jus] ° <o AA
< . o s
= L 000 ad
A
000000 A
0.5 N AA A
A A
A
A A,
A
4 <l
0-4 T T 1
0.1 0.2 0.3 0.4
Ye/h

0.7 1 )
°
°
o® ;°
Y &
00
0.6 1 SR
° ° Ay
= ®e OO s
< [ A
& i OOAAA
000000 A
0.5 N A A
A
A A‘
A A,
AA
<
0-4 T T T T 1
0 2 4 6 8 10
Fr

CawdYl 89,8 due (0 g (o (P Goe (Al Cond (s (65 ) SHw! Ol s )Y S
Fig. 11. Variation relative energy loss the to a) Relative critical depth and b) Froude number

Az, (Sadil e (Il L as 00,8 e cdwlin (¢ -V)Y)
Szl Gl 3l od Sl Bos b soniinws dala)l) oS
a5 8l Glg oo 0 Sle 4wl o GRelS o (555
s Sl Sl o palS MBS oo Sl pm Fee I
o 1y bl cnl lade j3 (ol Bl A 55 098 sae AalEl
polie a5 1S sl oo ol Fuadilh eled lp el ol
Sl 00ialS il Col o5 098 26 g (o S0 Gas
i (55,5 200) swins il Sy 2 (o Sy 3o8) (555
Sae 9 Gz Ges (R (S s5 e3game S sl &5 WS (o
Las cool Jb> 0 cpl sl oo Jals s (6550 Sl 04,3
Ol el )b ol (Sadih o 50 o Gl Gee by
Lol g S oo arde ol oasals’ ey (5 Sl oains
551 Sl Grals e w358 (oo (s (5551 SVl (2l B
5 ol (Fabih o 50 (o Sl Gee (5 0099me SG sl
555 o el o8 Wil o ol (Fordly Sl 36 GB35 o
Rl bl adls gl n5 e obz L) 4 4l (g)l8, a5
Sl 39 0br ln 6551 Sl 5 evgazme (nl )5 3529
e o Sl Gos GRBIL sl jli Sl ns 0z
Sdlgawl polin 0-F 59,8 sae oogasme 3l am g ol gl Saisl

oeyar o 4idS Slallls g V] el 5 e asdllas 3 i
bl oo Sl 25 Ol

S esliiul Ban (p 5 e Glyie 4 (o (555 SVl
Al S 4y 2 gl 55 51 g s Voo B (6l S5
slo OS5 ool )3 a8 (o0 &) S pj Pl 3 Ol ob
4 S & 6005 p (S wpd etV 5o Sl 398 Gl b el
) 45T 4B pdy Oy (i Dud b by iy Sep o
205 o0 IS L Zx 055l am by (Sadl sel Jole
MRl g b2 GBIl 092 wtews (ol po plyr (Sadl 3525
S5 095 oo 535 Dl Gralidl sl lso b O oles o
S (o (65,8 SVl Dl s oaims lid (o g I -VY)
Al (g0 098 3 5 (o (Sl Bes @

Sl oas 00ls lias 5 (o g @l -VY) USKG j0 a5 jghailen
S5l Sy 50 CawdVh 08 a5 (o (Sl Gee RIBIL
o g R Il (e (55 SOl Gliee Sl Az
(W01 U8 Billae ol 53 a0 03 (izmon il (oo 2158
e G015 L Sl s S oe S o 45 33,5 s 0aalie
6551 Sl (liee 3518 898 dae b (ouSe aball, &5 Sadsly

58 Bl 5 b 99 sue Ko sl ik o0 1P (o

YYYA



WAY B AVED doxio AYAR Jlo &Y 0yl DY 095 ¢3S ol () yo (saobie 4yl

0.8 7
/
- /
Relative Error=2.85%
+10% 7
Max Error=7.3% 7
/ /
0.7 N / /
/ 7/
/ 7/
Vs 0 4
g 7 A" 7 0%
Z 0.6 V. S
= / /
o 7 Ay
= A
= / A 7
o , A ,
= / A 4
J / 7/
0.5 / QAA /7 A Relationship data
/ aas.”
/ AL, A Test data
/
7/
/7
0'4 T T T
0.4 0.5 0.6 0.7 0.8

h; /H, Experimental

h
SHlslona yolio b 7 pKglosT ol mglia Y JSCi
0

Fig. 12. Comparison of laboratory values Iy with computational values

T PR W =\3|)| @‘;9:.)

Ve
0.2083+2<
h, ]

-0.694 (
0091 | 22| (Fre0912)
H h

0

Q9]

YING o] e sllas lawgie a5 ol olis ol oo oo i

S5 Azt ¥
Slgyen slo el (plalel (g & Gais cpl o
by eVl jo gl 398 Gl b B le oD ol
@l 99,8 olael g o o b Liulesl 00 slyx! bl sus
(OSS d AS b« (Sandly Jsb (oSS et Jsb sl el
b izmen (285 18 (o) 9590 (555 SVl 5 5l Bes

ol S o e 0 ok sl la (28U 84>y 4 ax g

yyva

0

o sl ape 508 GRSl el cnl e il (oo 181 (55
3k oo Gl (St 5l AU RbE Sl g Sl S
b yols Gaios (oo 6551 Sl el 3, aslie
5 65 5 DN el 5 oz g 485 050 la oS
S e 429 gyl Badow ol a5 aas e olas [V F]
At oyl D s 5 oz by a8 S0 Gidow
OB S s pas (Baod 90 Dglite Ll By s v (o0
57 gl 15 US4 S 5,95 3l am bz (Soeil 5b
polie 55 s e il o [V sl 5 (sex g
ol 9 oz §BS 5l ity Yl pol oS (6550 S
ol gains (65,50 Szl L3, anslie men il o [V]
ls 8, 50 alis sg2g 5l olas VF] a5 LS5 Gaiwi L
30 ol Bl oo ¥ oogasme 04,8 sae ial38l b (65,50 Sl
35 DVF] ol 5 LS5 oo (6550 Sl palie a5 el >
abaly Geizmen a5l ooyl Behod Lo nolie 5l i

398 sl b,z lp (o 655 SVl (i Gl (V9)



WAY b \WVE doiuo VYAR Lo &Y 0yl OY 093 epusS pual 3 yas (wvbites &yl

Sl IVF] ol g
39,8 sae oL o alisle;l la sols 18,5 s o L -
GBS s h S b 8 T 550 sl Geiod pla 5l 555
B9 ol b ol e S8 Gt (Sdgpaee eyl LS,
20,5 &l a8 LB oL, sl lxe b als ) cowsVU jo Sl

(o) JUB 2 e B

(o) S Cawo¥l ahaie o JS 08 Hy

(o) ol S L Cr 0)55 0 Jome Slomy S a2
Db f

(W () Vb ogpoue Py

(450 j9dzme ) (o) (ol I LS g

(o) bl glis)l A

dob b ooced ad b o 0)95 p e alold
(o) (b

(o) b et IS b L,

(o) (Sl Jsb L

(a5l posSe po) IS 20 O

(a8 2 @ye o) JUS (2ye 02lg p0 20 ¢

JU oy oy jo sl Job a4 iy oo
(46 2 @ye o)
(A (o) jolsin, oue Re

4.

(o) (Sbds CawdV Gas )
(o) (Sbuds CuwoVh Gas
) Slw Gos )
(Po) e nj sl Gos )
o) 55l Sl iy
(e yio 1 0,5 5kS) Ol Logase o>
(58 )3 @y 2 Fod) Sesld gy p

&L

[1] Chamani M. and Beirami, M.K. (2002). “Flow
characteristics at drops”, Journal of Hydraulic Engineering,

791-788 (8)128.

Gl )3 a8 S Ojgo sla agh b pol Giod mls byl
Jae 009 by o az g b ol ooy 4 p3Y 1000 )5 aulie 4t
a o yial )by coles @) 5 ool 50T gl uley 5529 b 5 0 4|
A e ools by n Baiow (nl gildane )3 wn (e D90
Slisio plxl g Guiod (pl @l 4 4z g b uimen ol 0395
ol gl lae oo ;5 b9y ol 5l eolitl wanyl o e
oo 95 » ooldie Sl g 098 plxl by Gl s3le Joe
23,5 oy ol aisle

Slgid sl jial )l 5o 39,8 sue 5l ogas 0 ) @
2 Do & pol> G allilejl Jas slp o SE o
o S &l

s Job g (Sl (oo Job (0SS ced (oo S5l )
Bl 998 d0e 5 (e Jlpu Fes SRIPFIL S8 et IS
Aol e

sl 2ol Gos 09,2 302 g (ooad Sliou Goe Sl L Y
Szl a5 el I 5l il o SIS s 5 il
9 el ol 998 a5 (ornd (Sl Bee GRIPIL (oo 655
il oo Rl B)

598 dae il b el s Gl Gee o s Y
Jsb (Sotl (oo Jsb (S et (o ok slayul il
e o 3 Gl Bl (oo (6551 Sl 9 (S8 ek (S (o
RURPOINL SN

sla el )b ol 098 302 )3 (o (Sl Bae Gl L -F
B o ok (Sl o ok (OSE ced (o 5k
s §5 Sl g Gl il (oo Bae 5 S
b oo SRS

2 SVl 3958 sae 3l ogas 0 Lol Gudss gls -0
S Bl (o Job (S8 o (oo Jsb sl al)ly L8, s,
Al o VPl ol 5 GLS5 s b ganed (S8 ok IS Jsbo s
L o Gaod 0l 5o Sl (oo Bos )18, el Jl> 50
ol ety VF] ol 5 LS9 b plie g N (il 5 (o ol
b (St a2y g (o 65581 Sl 4 b o @l iz
Sy i g sl [V el 5 oz gy 438 5 & jg0 ui
LS5 @l b (oo alas ¥l 2858 09,8 sas ojly o o IS

YA



WAY B AVED doxio AYAR Jlo &Y 0yl DY 095 ¢3S ol () yo (saobie 4yl

(2017) “Flow characteristics of grid drop-type dissipators”,
Flow Measurement and Instrumentation, 306-298 54.

[13] Sharif M. and Kabiri-Samani A. (2018) “Flow regimes at
grid drop-type dissipators caused by changes in tail-water
depth”, Journal of Hydraulic Research, 12-1 (4)56.

[14] Tokyay N.D and Yildiz D. (2007). “Characteristics of free
overfall for supercritical flows”, Canadian Journal of Civil
Engineering, 169-162 2)34.

[15] Liu S.I. Chen J.Y. Hong, Y.M. Huang H.S. and Raikar
R.V. (2014) “Impact Characteristics of Free Over-Fall in
Pool Zone with Upstream Bed Slope”, Journal of Marine
Science and Technology 486-476 (4)22.

[16] Chanson H. and Toombes L. (1998) “Supercritical flow
at an abrupt drop: Flow patterns and aeration”, Canadian
Journal of Civil Engineering 966-956 (5)25.

[17] Rajaratnam N. (2008). “Turbulent jets Elsevier”, 5.

[18] Hager W.H. and Bremen R. (1989). “Classical hydraulic
jump: sequent depths”, Journal of Hydraulic Research,
585-565 (5)27.

[19] Chow V.T. (1959). “Open Channel Hydraulics”, Mc Graw
Hill, New York.

[20] Chanson H. and Gualtieri C. (2008). “Similitude and scale
effects of air entrainment in hydraulic jumps’, Journal of
Hydraulic Research, 44-35 (1)46.

[21] M. Mossa, A. Petrillo, H. Chanson, Tailwater level effects
on flow conditions at an abrupt drop, Journal of Hydraulic

Research, 51-39 (2003) (1)41.

[2] Gill M.A. (1979) “Hydraulics of rectangular vertical drop
structures’, Journal of Hydraulic Research, 302-289 (4)17.

[3] Bakhmeteff M.W. (1932). “Hydraulics of open channels’,
McGraw-Hill book company, Inc, New York and London.

[4] Moore W.L. (1943). “Energy loss at the base of a free
overfall”, Transactions of the American Society of Civil
Engineers, 1360-1343 (1)108.

[5] White M.P. (1943) “Discussion of Moore”, ASCE 108
1364-1361.

[6] Rand W. (1955) “Flow geometry at straight drop spillways”,
In Proceedings of the American Society of Civil Engineers,
13-1 (9)81.

[7] Chanson H. (1995). “Hydraulic design of stepped cascades,
channels, weirs and spillways”.

[8] Rajaratnam N. and Chamani M.R. (1995) “Energy loss at
drops”, Journal of Hydraulic Research, 384-373 (3)33.

[9] Chamani, M.R. Rajaratnam, N. and Beirami, M.K. (2008).
“Turbulent jet energy dissipation at vertical drops”, Journal
of hydraulic engineering, 1535-1532 (10)134.

[10] Esen II. Alhumoud J.M. and Hannan K.A. (2004)
“Energy Loss at a Drop Structure with a Step at the Base”,
Water international 529-523 (4)29

[11] Hong Y.M. Huang, H.S. and Wan S. (2010) “Drop
characteristics of free-falling nappe for aerated straight-
drop spillway”, Journal of Hydraulic Research -125 (1)48
129.

[12] Kabiri-Samani, A.R. Bakhshian, E. and Chamani, M.R.

J. Civil Eng., 52(7) (2020) 1765-1782.

DOI: 10.22060/ceej.2019.15655.5985

R. Daneshfaraz, S. Sadeghfam, V. Hasanniya, Experimental investigating effect of Froude
number on hydraulic parameters of vertical drop with supercritical flow upstream, Amirkabir

e gyl o ol &) digSy

YYAY






