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ABSTRACT: In the present study, the effect of vertical drop, gradually expanding and vertical screens ~ Review History:

are investigated to increase the energy dissipation efficiency of the flow. The experiments were carried  Received: 2019-08-04

out in a horizontal laboratory flume with a rectangular cross section, two vertical drop heights, and the  Revised: 2019-08-14

wall expanding ratios of 0.5 to 1, the porosity ratio of the screens of 40% and 50%, and the range of  Accepted: 2019-08-17
Froude number of 0.86-0.92. The results showed that the use of screens and the expansion of the walls ~ Available Online: 2019-10-28
would increase energy dissipation and decrease the pool and downstream depths. The application of

expanding wall, screens and the effect of simultaneous use of screens and expanding walls increases the  Keywords:
efficiency of energy dissipation by 25, 44 and 48 percent, respectively. The porosity ratio of the screens
is not much efficient in energy dissipation, but it reduces the pool depth and increases the downstream
depth. Under the same hydraulic conditions, with increasing drop height, the energy dissipation rate due
to the higher impact intensity of the jet passing through the drop or its downstream floor increases and
the pool depth decreases. By increasing the discharge, the hydraulic jump formed in the upstream of the = Screens

screens with a porosity ratio of 40% is submerged and moves upstream. However, in screens, 50% ofthe  Pool depth

Vertical Drop
Energy dissipation efficiency

Gradually Expanding

jump is free and moves downstream.

The design of energy dissipator in downstream hydraulic
structures to reduce deterioration and erosion effects is
always an important issue for hydraulic engineers. Vertical
drops are the energy dissipators structures used in irrigation
and drainage networks. Screens are a porous plate, which is
placed vertically in the flow at a specified distance from the
supercritical flow generator. Many studies have been carried
out on vertical drops [1-3]. Recently, the screens are proposed
as energy dissipators in the downstream of hydraulic o 0em shem 5em
structures [4-7]. Sereen

One of the topics studied by various researchers has been

1. INTRODUCTION 0} Drop M @ 3
|
|

Reduces Box u|
to propose methods to increase energy dissipation efficiency Flow S I ’
in energy dissipator structures such as drops. In recent years, : proe " | 1 NG
alternative methods of hydraulic jump and stilling basin have Reduces Box wg
been explored, including the use of vertical screens along the
flow path. In the present study, the effect of a vertical drop, Fig. 1. Vertical drop equipped to vertical screen with gradually
gradually expanding and vertical screens to increase the expanding
energy dissipation are investigated.
shows the important parameters of the present study.
2. DIMENSIONAL ANALYSIS Important parameters on energy dissipation can be written
Various parameters affect energy dissipation in a vertical as:
drop with a vertical screen and gradually expanding. Some
of which are more important thar;g other p};rameters. gections AE =/1(p.pg QW PN tdy e (1)

zero and 2 are considered for the energy relationship. Fig. 1 Yo:B.yasyp)
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Where, AE energy dissipation, p Mass density, 4 Dynamic
viscosity, g Gravitational acceleration, Q flow discharge,
W channel width, P drop height, N porosity ratio, t screen
thickness, d Distance between screen and drop, y_ critical
depth, y, upstream depth, B = b1/ b2; gradual divergence
ratio, y, downstream depth, and y, pool depth.

Finally, According to the Buckingham- nt theorem, the
relative energy dissipation can be defined as:

AE

E—0=f2(N,B,%> 2)
Also, the relative depths of the pool and downstream the
screen are expressed defined as:

yP: Ye
P fS(N’B’P) (3)
Yd _ Ye
P f4(N7BsP) 4)

3. METHODS AND MATERIALS
3.1. Experimental Facilities

Tests were carried out at the rectangular flume with length,
width and height 5, 0.3, 0.45m, respectively. The flume’s bed
and walls are plexiglass to improve flow visibility and reduce
friction. The flow in the flume is generated with two pumps
with a maximum flow discharge of 450 lit/min connected to
two rotameters with +2% accuracy. Fig. 2 is a schematic that
displays the experimental setup.

The vertical drops and gradually expanding were
created from glass and vertical screen created from dense
polyethylene. Table 1 illustrate dimensional and hydraulic
experimental parameters of the experiment.

Fig. 2. Illustration of the vertical drop equipped to vertical screen
with gradually expanding

Table 1. Dimensional and hydraulic experimental parameters

B=by/b, | N(%) | P(m) | yo(m) | y(m) | Fro | Q(L/min)

1,0.8,
40, | 0.15- | 0.021- | 0.092- | 0.68-
0.68, 150-800
05 50 0.2 0.068 | 0.058 | 0.92
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Fig. 3. Comparison of results of vertical drop with previous
researchers

4. RESULTS AND DISCUSSION

In the present study, experiments were carried out
on a vertical drop with two heights of 15 and 20 cm in the
discharge range of 150 to 800 lit/min. The results of this
experiment were compared with Rajaratnam and Chamani
(1995) and Esen et al. (2004) results. Fig. 3 shows the relative
depth downstream and energy dissipation parameters with
the researcher’s results.

As can be seen in Fig. 3, the results are in good agreement
with the studies of Rajaratnam and Chamani (1995) and Esen
et al. (2004).

4.1. Influence of vertical screen with gradually expanding on
vertical drop energy dissipation

Creating a gradually expanding at the cross section
can be a suitable solution to reduce the depth required for
the hydraulic jump. On the other hand, the application of
gradually expanding coupled with a vertical screen can also
reduce the cost of stilling basins. Fig. 4 shows the combined
effect of the vertical screen with gradually expanding on the
pool depth, downstream depth and the amount of energy
dissipation passing through the vertical drops.

It is observed that the application of gradually expanding
the wall and place the vertical screen at downstream of the
vertical drop increases the energy dissipation and decreases
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Fig. 4. The combined effect of vertical screen with gradually
expanding on downstream hydraulic parameters

the pool and the downstream depths. By comparing the
porosity ratio of the vertical screen with gradually expanding,
it can be seen that increasing the porosity ratio in fixed
gradually expanding wall has little effect on each other in
energy dissipation, but decreases the pool depth and increases
the downstream depth. At constant screen plate porosity
ratio, increasing the gradually expanding wall case that
increases energy dissipation and the pool depth and decreases
downstream depth. Applying the gradually expanding wall
and screen, on average, increases 48% of the current energy
dissipation efficiency downstream of the vertical drop. Fig. 5
shows the flow through the vertical drop in the presence of
the screen and gradually expanding wall beneath it.

As the discharge increases, with the constant gradually
expanding wall, the hydraulic jump in the screen plates with
a porosity ratio of 40% upstream tends, while in the screen
with a porosity ratio of 50%, the hydraulic jump moves
downstream. The jump formed after the drop is V-shaped
despite the screen plates. The reason for this is the uniform

Q=250L/min
B=0.67
 N-50%

B

Q-450L/min
B=0.67
N=40%

Q=450L/min
B=0.67

Fig. 5. The flow through the vertical drop in the presence of
screen plates and gradually expanding wall

Q=150L/min ==u
B=0.5

N=40%

—

Fig. 6. Jump V-shaped formed after the drop with screens and
gradually expanding wall

distribution of velocity and depth in the transverse section of
the channel due to gradually expanding wall (Fig. 6).

5. CONCLUSIONS
1-The gradually expanding wall created downstream of the
vertical drop causes turbulence on the jet sides, the uniform
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distribution of depth in downstream it, increases the pool
depth and By increasing the pool and the downstream depths
of the drop, it increases the energy dissipation efficiency by
25%. As the discharge increases (y_/P increase) the amount
of energy dissipation due to the submergence of the flow
decreases in downstream.

2-Increase the height of the vertical drop at a constant
ratio of screen plate porosity, the energy dissipation increases,
but this increase is negligible and results in an average 4%
increase in energy dissipation efficiency.

3-The downstream depth in the screen plates with a
porosity ratio of 50% increases due to more flow pass than the
porosity of 40%.

4-Simultaneous application gradually expanding wall
and screen plates, on average, increases 48% the flow energy
dissipation efficiency in downstream of the vertical drop.

5-Based on the results and observations of the present
study, it can be concluded that the application of gradually
expanding wall with screen plates can reduce the cost of
construction of stilling basins.

REFERENCES
[I]Chamani, M., and M. K. Beirami, Flow characteristics at
drops. Journal of Hydraulic Engineering, 2002. 128(8), p. 788-

791.

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

[3]Ghaderi, A., M. Dasineh, S. Abbasi, Impact of Vertically Constricted
Entrance on Hydraulic Characteristics of Vertical Drop (Numerical
Investigation). Journal of Hydraulics, 2019. 13(4), p. 121-131.

[4]Sadeghfam, S., A.A. Akhtari, R. Daneshfaraz, and G. Tayfur,
Experimental investigation of screens as energy dissipaters in
submerged hydraulic jump. Turkish Journal of Engineering and
Environmental Sciences, 2015. 38(2), p. 126-138.

[5]Daneshfaraz, R., S. Sadeghfam, A. Rezazadeh Joudi, Experimental
investigation on the effect of screen’s location on the flow’s energy
dissipation. Irrigation and Drainage Structures Engineering
Research, 2017. 17(67), 47-62.

[6]Daneshfaraz, R., S. Sadeghfam, and A. Ghahramanzadeh, Three-
dimensional numerical investigation of flow through screens as
energy dissipators. Canadian Journal of Civil Engineering, 2017.
44(10), p. 850-859.

[7]Daneshfaraz, R., S. Sadeghfam, V. Hasanniya, Experimental
investigation of energy dissipation the vertical drops equipped with
a horizontal screen with the supercritical flow. Iranian Journal
of Soil and Water Research, 2019. (in Persian). DOI: 10.22059/
ijswr.2019.269301.668053

HOW TO CITE THIS ARTICLE

DOI: 10.22060/ceej.2019.16493.6265

B. Nayebzadeh, M.A. Lotfollahi-Yaghin, R. Daneshfaraz, Experimental study of Energy
Dissipation at Vertical Drops Equipped to Vertical Screen with Gradually Expanding at the
Downstream, Amirkabir J. Civil Eng., 52(12) (2021) 753-756.

756



75 g0l (1308 (wikigen g uli

FAVY B Y08 Slio YA Jlo Y o)l BY 0593 S yusl lpos cwigen 4l
DOI: 10.22060/ceej.2019.16493.6265

b o3 oo axiio 4 je2m0 @51 (slo (i 53 (65 51 S (B0 3T (o)
Coawd ol §0 (0 (2155 g

T 3laiils Jgu,y o oty ) cala) e dese Flooly ol plige

Ol e o ol&iils ¢l pos 0aSlisls Sdgyoup sleojlu g ol Slyes 625 gl \
Ol 5y s oEIS ()] yas guwiiges 0uSCailS Sliwsl T
U‘)"‘ 54.C|).a s4£‘).n oliwlo ‘LS”J"L'Q’Q 9 L.?d odiw ‘«) ‘u|).o.c st;\.‘.e(o 05; Ol.a.w‘ v

TR 2B
YWWAA-Y-YY cél o
WA B-TY (5,55t
YWWAA-O-Y8 : o pdy

VYA« F—e A eyl il

5 N @S @i OS5 ot lelgs 31l 2 (6551 SHeial Glanly (al8l (6l pol addllas o iaMS
a5 g0 b e dalats alaio b 38| __alSiulojl psl Xy 50 b ialoj] (28,8 )18 sy 2 0590 w3l Siten i
ojj_é.).\;ooj.\mﬁz(h jzf‘ Mul}&wd?d?uwuﬁ\ G-/0 o)|yé@|;|56uw)éjw5léuxnw
51 Sz il ey o o150 2l STy 5 S lmis 5 ooliias] a5 ol (L gl (2,5 ol <Y b +/8A

)‘uu)Ahobm‘)uLABMUW‘@‘;BOJ?)&;}&do;@wbwbwsﬂ@‘d&cwws
G 33,5 0 (65,80 Sl Jlassly (0o )0 FA 4 FF V0 iolidl el o 5 4y 1515 0930 5 Siin lriao

(euadls wlals

5 S

(559 Sl o
N 2T

Ol Bos (iali8l s il Ges ralS cely Jg sl (6551 Sl (g9, 0 sliz 5l St Slas ol
Sl B0 b,z 658 Sl e S8 e L5 Gl L ey (S pane byl 8 00,8 oo ces
Ll oo 2al5 2l Gas g G5l 0T s Gl GBS 05 e (5, 3l e QxS i )55

O " Q 2
il Gos 039: § s £33l o yd Fe SIS Cond b Sidie Do VL 5 00l JSCAS (S0 Sy o0 Gl

g 052 331 & g o dloul i Ao y0 B Sie Olras (o aS Conl (b ol a0 S eVl a4 g

doddo—
Cawd ol 0 oz G55 Gle eansS g (b
o Sl Gels Gaa b Jlee 358 ob,e W s ojle

Sly ojlged Cass ol (Sdgyiee sloojle » ol (auluyd

& oS Shpte (g,
sl alpl (o2Se) 5 (k]

&5 5 Gyl aez 5 ol g adal b s ndy Giale 3

6&5 o)'L.u P J9|..\.'J.A 4.14>)‘

kSL““S-?-:’ o AS A 63)-;‘

ey SIS ee 4 azgi bl ojle cpl sl e soliiul OIS
i 55l el 5 ol 4 YL el Sl o st sl
Glo aSis g b JUIS o aigy ce o Jloel 5 o bginw 5 56

I T IR FY g T O O LR VA V- PP W

Sz b sl J U joail oo Cosnl 3> Sy y0ue awiige
Oy stk o b JUI s ( S Sldas oo (g5l 4
oy b et S)lse 5l (pan po azlin 05 (oo Jolie
PV gl 51Ol sl gl casl 5 aws JUIS S 6l p3Y s

Lo 58 [V ]0isS o 00l 50 s ) 5 0l o &

Ol 3 olow | Gl da ol (ol Caws b jo ok s PRt
o, Kal, 5l oolaiwl L1 .01 oo 9929 &0 JUIS (slaolax 5 i

Ol ey ol @5 4 g adl als (b 6580 (il conlio

) 1 Drop
Saa by g ohy) S lgie 4 Sdee Slorio b GralS 3 lotfollahi@tabrizu.ac.ir :lsle Jouge saims

(Creative Commons License) oo o (Sosis 31 Luilacd o allie oyl .ol 00 0010 1S ol ol8ils ol )Ll ay 126 B g S ot g5 4y el (358>
Auileyd s hittps:/www.creativecommons.org/licenses/by-nc/4.0/legalcode ol 5l uilucd cpl bz gl sl 48,5 )8 Loy o 2 10 BY NG

Yool


https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

sl OS5 ced 5o 655 il Gl 2 Blse le 0,
logan Lialsdl a8 ols i b ile] s axsla,y s aile
Sl DV Jaws oo Gl 1) (6551 S (e alold 5 250
2 S e 55 2 6 ol 2l ey @ T Sen
2 G bl 45 8l i T gl sl (65,1 BT e
&5 Olesily (gauo ) YeoN0 ol cely )y slo aly s,
b bl gy @ GlSen 5 shazils [1V]sa 5
w6550 il (e 0 St Dlrio (5558 e
St Slrao 1 oslaiwl WYl oles (gl aS oy lis
3 i Olas cpl 5l eolaial 1 LG (65,50 Sl e
QUi rizeen il (o Ol5T (b ) (U o (658 Slel
033l g il ¥l ) Sie Oloras 0 ,Slos 84,8 dae il 58] a5 wssls
5 5haals [Y]aas o rals 65,50 SHlpiwl o 1) Slxis (]
Sl s Jalse 5 56 6531 il gy 4 TS0
WSS 5y St azmbo 5 Ssb Sy iy eainS Sletens
S92 sae Sy slp wls plas e Jae sl 655 Sl (o) 2
Syt S5 0 Jan dy Cod 1+ St amiio Joo w2ols
oon oeimen WS o Slptue il lo amdg> 0 )
b e glo Sl 5l e T o a5 Ll Juw ol ol b Jow
G &5 Il col oad osliu] St Slio |
GrS DS (oo slml S'sly (g Jblie sl Jow 4 o
2 ol Spe glo il g adlle 4 Ken 5 ol
olts @l sy (B g)ld g glaSd (5 ouisS Sl
o oSl gl 4y Sloe Gos Comd Rl L a5 ol
Gl s Sty O Gas g ol adyl (5531 @ 6551 Sl
sl Sas K5 st coyp 4 oKen 5 6,08 VAol oo
DS @38 S ol Sy e Dlasin g9 1 (59959 o
Oil8l el (635,96 S S5 099 aS ol olis bl ol
e GBIl S et 4 9 090 (o0 05D ek A 50 e
axbosbml 5 Gl 8ol el Glo o bgin J1 o o>
oml iz @l rals el s g Of LY I 6 i

PEile] ) @ o Len 5 shasils Voo S o cans

6 Torabi et al.
7 Daneshfaraz et al.
8 Kabiri-Samani et al.

Shete S lore @ 0] Jome cnis 9 (Sdgyone iy Jees
Slz Ve sl o3l s (il g o wilBsg) 50 Sge (555l oaisS
[Y]ewsl ouds (Byne (Sl 358
oads plwl b (5o o Sloogas (g5, sk Sllls
F] b oo plil sl i 4 Ol (50 9550 O 5l 45T o
Sl b aly 52 il dalllas 4y 'K 5 oyl g0d 0 L3I [+
sl sl 5 b n @B sle (S8 cod Cewsimly o alite
Ogd 9 b S (6l Cwd Gl (o Gee g Rl (oo Goe
S aY 6,55 5l eolawl LT ) Ses 5 (cex[V V] wisges &l il
ooliinl b il (S8 i )o Al Arwgs (s S g SO
Oliee ez sl Sl 093 L3 Geims (pBlej] b
w3y 00 @B OSS cad Sl e Gl e 35T S
Slllas” )Kea 5 Siea[ VY] wio S @l Sl 5 by
Slsyien Slasie 5g; p s Gmb ot b L s
Jsb a5 ols plis gl wssls plowl b (S5 s 5l 5500 0Ly
2 s Olie GRIBI L B )55 0 550 5 (L) 055 oo
Tolen g [ VW] ool andly Gl oS8 ot Cend ol
SHpe sloyahl gy, caws Vb o SISl oy @
Sl L aS ol oLt gl gl a6 gle S5 o
g 7l Ol Gas i Ges polie CusoWl (s g 09,8 ue
GBS L Ca 093 p Jore dlols 5 alS S 0595 1 Al
S8y 2Ll s &f LSen 5 ol Golo [VF]al o
5,8 dae o3l ;o Sl 358 Ol b azlse o St Do
(s—lPe Be—8 l,m 99,8 due B, 0 AD LY/
e ool Gloall s, S 5 Slrio calize )]
GOy 90 B A S «Sdie Slmio a5 ol las Ul zls .o
ol 5 s gt 5l Sl s 5 ST (g yaee
Orizme 2,10 80t alyl ) G (55540 0 Shes Slmio g0
Ol o 1y 095 o Slas (i oo Fr oo b St Do
o5 25 Ghsl[N0] wes (oo plas 355 51 (65 S
O iz (sl alold 5 ple cilie slo 2y 3B oy

Esen et al.
Chamani et al.
Hong et al.

Liu et al.
Sadeghfam et al.

G LN =

Yoo



FoVY B Y08 doio V¥R Jlo VY 0)leud @Y 0593 ¢S ool (lpos suoite & pis

SIS sl lse a8 9P e Yy B85 K o bl o
] oo Candy 23 Syge w4 (V) dm o alal,

d y. vy, ¥
:fZ(RGOBFrO’_B_a_?y_’y_dB_p9NJB) (Y)

Yo Yo Yo Yo Yo Yo

3as g 39,8 dae sarad lis o 4 Re 3Fr. ol jeas
Sge dn o9 glaelly 505 )l (re (glp 0l (oo jal5h)
alal) )0 9790w (o syl ) (B e g g5l 0ol L

1368 (oo Jol> pj &0 4 (1) aal) 2 0 ()
AE td oy, y, ¥
E_:fé(ReO,FrO;_,_’y_ay_d3_p;NsB) (Y‘)

ol by sl oe 7000 < Rey <35000 o bl salos o
s3a ik o g3l S5l s 5 e0s pbdlie Ml ol >
55,5 Slallhe gillae CassYU Gas g S 0310l b (yaizmon [YY]
sdmlin [YF] (S cod ad 1o Ol Bos )10y, 13" Hgmgld
0.68 < Fryy <0.92 63500 10 35,8 dae Slisle;l  soles ;0 a5 0
Ol 55l 5 sVl 89,3 sue S oS edgaze 4 ax gl il oo
A Gre b S8 ced (Slg e e aasine gy, 2 el
Caled el TSl g Sy oldlas 5k V4] 055 o
$ipl el 2 Fge e syl plpe 4 St Olrio
3 S lmio Caalies Sl 5l plply ol 0l B yee
alols 13U 51 cpiomen [YO-YFlogs o a5 o 5 Gudios ol
e 51 Sl (555 2 O U e oo & St Slnio
05 OLL Gos U8 pas Jds a4 [V0]00 5 (o0 Sl B0
A e bocnlple ad Sl Gye b Cews Gl (e Bos
b o 31 Sl g5 (o0 sy sae g 99,8 dae 5l (p3,8
23,5 B s pj ol Ojge @

AE
E—=f4(N,B,y—}§) )

0

gh (o0 Ol 2y Sy dm e sl CeeS el 5 58 Side
Yy

3 fs(N,B,y—lﬁ) )

1 Grant and Dawson
2 Cakir
3 Balkis

Fel

sl plas bl b sl Slhou 398 bye bl o il
Cely B slo S ol jo 88 St Dlao (ol 5l oolazul a5
S50 Sl g il ped Bas (Cawd ol omd Bos il
GilS el (prizmen 00,5 oo 00l @3B (S o Ay Sl
[Ye]o0,8 o0 el g ojlo Bl g il azeds> b
OL I W Sl 5z y0 yole (Sl oS g o6 3olo
b by cpl 2 1y 6551 Sl p86 g oy S las g53
IARN RHYSPUE;

4l it pbaze lawgl aslllas 8,90 Slegige 5 S
s ol o 65 il plesily al8l Gl alas,
sl Jlo ol ooy o) cuds wile (65,3 0uisS Slgne
ol dmogm 5 Sy i oRle le iy, n5
dJ..¢>)‘ QL:)D-M)QMUL%M)‘ ool wl 48 ous ey
o 5 o Ll iy b ol 538 Sl il
el 00l ploxl Siiie Dloras g 05l990 (2 05 25T

ol RJBT-Y

sla (58l 3 (655 el Bl 2 (Al la il
UPPESVRCNOUS IPUSRVCIIP I GO | IS UG P SRS |
ablin 555 by sl ol it el ol 4 Cos o ]
Slanl sy sl yiol)ly ) USE sl o 435 55 Y 5 Lho
S oo plis |y ol b
wibize il (28,5 515 0 5 lialos] Lulyd )y b
Ay Sppo 4 ol o0 ) 5 SVl 2 38 5T gla el

AE = f,(p, pt, 8, O, W,P,N,t,d,y,.,¥y,B,Y4,,) (V)

Sy ool ogars oy P uss il S AE ] o o5

P oy Wtz 00 Q oy G5 ol & o Sealis
Calied b oStn dmio 550 cond N oS8 i glis)|
Gos Y, ¢ 0S8 ad b Sitoo o alold d (Sotis Slrio
&Sy Cams b /by =B S o cawdVl o Y, Sy



[(0) Drop (1) 2) 3)
' Screen ! !
! 1 [
! \ 1
| Hydraulic Jump i |
y I8 1
1 1
_I. I
. o, [I I
"o Yol ! I
) v I, Ya
v ¥ ;4
] ! I
40cm 120cm 60cm 25cm
i o o o Screen
Yy LL L LS Z DY, ya L L L ya /
Reduces Box B 1 u /
Yy a1
Flow b2 i
Dl'Op b1 = > W
v »>{le
Reduces Box v L =
rd r & 4 r A A A A A A A 4 S 77 r i A 4 A 4 777 I 4

0,190 21,519 b Sl lxbo 4y jozmo 318 (S s ) S
Fig. 1. Vertical drop equipped to vertical screen with gradually expanding wall

N ($15519 051920 9 Sukien Gilimio 1 54m0 @51 (S s (owdid 9 (Slgyiap Slaslo ) Jgua
Table 1. Hydraulic and geometric characteristics of vertical drop equipped to vertical screen with expanding wall
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Table 2. Comparison of results of vertical drop with previous researchers considering the evaluation criteria
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Table 3. Coefficients of estimating the parameters of the parameters of the relative pool depth, the relative downstream
depth, energy dissipation and evaluation criteria
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