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h,=d, (0.6 + 0.17Fr,)
h,=d, (1.0 +0.056H)

An6 H. Chanson (2015), Hydraulic jumps and stilling basins
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Katnyopiec vopavAkoy GALOTOC

1.

Kvuoartogwéc (undular)

AcBevéc (weak)

Aovoopuevo (oscillating)

Movipo (steady)

Ioyvpo (strong)

I<Fr,<1.7
1.7<Fr,<2.5
2.5<Fr;<4.5
4.5<Fr,;<9.0

Fr,>9.0
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F,. =1.7-2.5 Weak jump

Oscillofing  jet
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F,=2.5-4.5 Oscillating jump
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F,=4.5-9.0 Steady jump
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T n s = i

F, =9.0 Strong Jump
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Koatnyopieg vopoviikon aAuatoc (2)

Type of Jump | Froude Number Range Description Energy Dissipation Flow Schematic
ump is impossible because it viclates
Pre-Jump Fr, < 1.0 sy ot M/a M/A
the 2 Law of Thermodynamics.
Undular Jump Fr,=1.0-17 Standing-wave about 4y, long < 504 BT A H_: —=
Y S
Weak Jump Fr,=17-25 Smooth surface rise with small rollers. 504 - 1504 [ T
Unstable: each irregular pulsation
creates a large wave that can travel
Oscillating jump Fr,=2.5-45 downstream for miles, damaging earth 1504 - 4504
banks and other structures. Not Efien
recommended for design conditions.
Stahle, well-balanced jump that offers
SR T best performance and actior: L5056 70% ] _;:—.',"?'"f—"
S g L e insensitive to downstream conditions. ) e i e
This iz the bestdesign range. T T
Rough, somewhat inte rmittent but S
Strong Jump Fr, = 9.0 7084 - 8504 et !
good performance. i
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Mnkoc¢ & pop®1 Tov VOPOLAIKOD AALOTOC
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Y opovAko dAl0 & KOTaoTPOPT) EVEPYELOC

Relationship between Tailwater (y,)
and Sequent depth (y)

vz = sequent depth,
¥, = tailwater depth

j l l'z
T Sp—

Class 1
T.=Tailwater depth = | Jump
® o | roting
- _t—-' B 5
e | Tailwat
] Jump ratings B TR
2. T @ tuFl-Eu'rlr rullﬂnq ﬁ, rating
f &
w
Discharge Q Discharge Q

y, tailwater depth (BdOoc
poTg 6TO KATAVIN) i case3 i

' ' ¢ | Tailwoter
: rating E : roting
i o 5
(=] Jump o o Jump
8 rating ] Toilwoter 4 rating
& & rating 2
2 | 3
w l.l'l

Yy, sequent (cLLLYEQ) DaaseQ e e

Fra. 15-10. Classification of tailwater conditions for the design of scour-protection
works.
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Yopoviiko Al & KoTaoTpopt) EVEPYELNC (2)

1. Idavum mepintmon, dev yperaletor Kappio
mopéufaocmn otn por). AVGKoAo va
emitevyOet.

2. M>M,, ypedletar avnon g opung oto.
KOTAVIT TTOV EMTVYYAVETOL EITE PE TNV
KOTOGKEVT] KOO0V EUTOOI0VL, €iTE (e
taneivoon mluéva Aekdvng
npepiocems, ite pe cuVOLAGUO KoL TOV
dvo.

@) ¥==¥:

(1) ¥z = ¥

Case 1
B
o
] 5 08 :
g Remark: For entire discharge range - Ideal
5 el
= tailwater rating
o
Dhscharge O
Casze 2
= | Jump o
T | rating 2 : :
| f/’___.--' ¥z > ¥: for the entire range of discharges,
£ protected apron, sills are used to create
g Tailwater jump within the basin
j ral
@
Discharge ()

EMM-AMMS SxoAr MoA. Mnx.
Maenua: d®payuata, AIDAOKOVTEC
NI MouTtapng, MN MNanavikoAdou



Y opovAKo aApa & KataoTpopn evepyetac (3)

, , , Case 3
3. M <M, ypetdletar avgnon g opung 6To. | Tallmcer_~
¢ ‘ " = ¥z < ¥ for the entire range of discharges,
avavrr’l oV 8TCITU'YX(XV§T04} MS G’PEJT]GT] S o /\/ (i) Sloping apron above the bed level
MG KAONG TOV ay®yoD, glte peimwon % / (1) Drop in the channel floor
moluéva Aekdvng ’
Ié 14 4 14 D:Is Q
4. Meydhn KAion yio TIG LEYAAEC TOPOYEC KO
GAno TAve otnv KALoT, EUTOd10 Y10, TIC )
IKPOTEPES TTOPOYE 7 =
H p p C_; p X C_; ’ S | ‘:rIatinz; ¥a= ¥: imitially for lower discharges
A S A 2 W) ¥z > y: tmunally ¥: = yzlater for higher discharges
5. Ewtorfno Y10l TG usya?usrg TOPOYES, LKPN o & Sl o L
BoOion Yo TIC pUKpOTEPEC. me
Drischarge Q
Case 5
| Taulwater
:" rating -
o g N\ 7 vz < ¥: initially for lower discharges
(v) ¥2 = y: initially g = T ¥t = ¥z later for higher discharges
¥t = yzlater o mﬁn}é Stilling pool
E: i
o N
Dizscharge Q)

Fig. 32.1 Classification of tailwater conditions for the design for the design of

scour-protection works
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"EAey)0G VOPUVAIKOD GALOTOS — VTEPYEIAOTIG
AETTNC OTEYNC

5
Fry

Fig. 7-15. Control of hydraulic jump by sharp-crested weir (After Forster
and Skrinde [1950])
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‘EAeyy0C vopavAlkod GALATOC — VO ®GT)
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Fig. 7-16. Control of hydralic jump by abrupt rise (After Forster and

Skrinde [1950])
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‘EA&yY0C VOPALAIKOV AAUOTOC — TATTEIVOON

robueva (1)

Minimum
B-jump

B-jump

Wave train
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‘EAeyyoc vopavAikov aALOTOC — TOMEIVOOT
mobueEva (2)

Wave jump

A-jump " w Ea
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2. AEKAVEC KUTOUGTPOPTNC EVEPYELNG T
AEKAVEC NPEUGEMC

[ovoyrwtng THomovinoroou
Av. Kabnynmg
2yoin Hohtinwy Mnyovirwy EMIT
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AALO VS AEKAVT] KOTOOTPOPNC EVEPYELNC

1.7<F,<2.5 (acOevéc dipo) n Aexkdvn npepiceme ion Le to
LLKOC TOV

2.5<F,<4.5 (oovovpevo aApa) xpetaletal ANYn HETP®V Y10 TNV
ATOGPECT] TOV KLUOTICULMOV TOV LETAPEPOVTIAL OTO KATAVTN,
vy’ ovTO N TEPLOYN avTh Ba TPETEL VoL AmOPEVYETOL

To povipo aApo givon EEQLPETIKE OTOTEAECULATIKO GTNV
KOTOOTPOPN EVEPYELNG KOl £Y0VV LEAETNOEL O10LPOPOL TUTTOL
AEKOVOV NPEUICEMC UE UEIOUEVEC OLUGTAGELC, OTIC OTOLEC
OEV UEIMVETOL ] OMOTEAEGUOTIKOTITO, TOV QAALOTOC.

F,>9 Kataokevn Aekavav npepicems moAd oamavnpn
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Aekavn npepicemwc SAF

4.5
Mrnrog kexavng L, = o |2 1.7<F, <17

1

Ydog Aendvng | 72
v, :(1.1-&} 1.7<F, <55

y, =0.85y,; 5.5<F, <11
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=l1-—— | 11<F <17
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USBR type 11
q<50ms SN ﬂ

F,>4.5

Dentated sill,

Ghute blocks-, 0.02D0z == H Il
] ]
¥
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{ See Figure 12 )
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USBR type II (cuveyein)
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USBR type 111

q<20m?/s
F,> 4.5
V,<20m/s

F
hy = (0.6+—1le
6

AN

~GChute blocks

= = 0203
4 .--Baffle piers
'4‘

End sill -,
1

~ 1+ Slope

L
b mm——m e mmm T TSR

{See Fig.12]
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Froude numbsr
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USBR type T =

20 e 20

O10.0TACEL : =L = g
g gfiz o i ey = 1:@‘
2

[B} Minimurm tailwater depths

—

4 = i 4
e

i Q

4 T 1 L] 1 L] 1 1 ] I I I 4

~Baffle block height, iy End sill height, h,

R l____%__—d': = |
5 2 —— . s 2 &
£la =|= T ol
[T} Heights of baffle blocks and end sill
L1 1 | [ I (I Y 0

) 3
| L
= - [ ] ~ 5
_.-i"'"! {O] Length of jump
S | | ¥
4 f & 10 iz 14 16 14
Froude number

Figure 33.—Type Ill basin characteristics for Froude numbers above 4.5 and incoming
velocities less than 60 ft/s (Reclamation, 1987, p. 393). See Reclamation (1987) for
information related to variables as denoted in this figure.
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USBR type 1V

2.e OLWQOLYES EXTROTG
2.5 <F <45
Eppovion uopotiopmy
Evalortino:

AVUOTOAELS UOUATIOPWY
TOToL oyedlag (ratt type)
UL UAELOTOL AYWYOD
(under pass suppressor)

EMM-AMMS S0
Maenua: dpayuara,
NI MouTtapng, NN N

/”

VERTICAL W.5. FLUCTUATION IN FEET
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4 7 /4 4
MMKOC AeKAVNC KATAGTPOPNC EVEPYELNG
= e
. et
=1
! o i Type Il basin
T s S =t =
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_I_,.A"' - [
| . l- i - Type |l basin
B DA e i e
-
T
* Existing type |l basins
o Werification tests—type |1 basin
® Verification tests—type Il basin
B B 10 12 14 16 18 30
F=—k
'H'gﬂl.

Figure 20.—Length of hydraulic jump for type I, Il, and Il basins (Reclamation, 1984, p. 27).
See Reclamation (1984) for information related to the variables as denoted in this figure.
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USBR type V (sloping apron)

FIGURE 30.—Slaping aprons (Basin V).
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Oahe Dam Stilling Basin May 26, 2011

[TAnuuopa 6to Missouri River

EMM-AMMS SxoAr MoA. Mnx.
Maenua: d®payuata, AIDAOKOVTEC
NI MouTtapng, MN MNanavikoAdou



Flip bucket (katackeun extocevonc)

&) Karakaya Dam, Turkey

=l g g (R e
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Flip bucket (ski jump)

™~ B g(mre o)

w.@. 0417500 -

l 8.62 t~—5.90— 10.90 I 30.00 t=—5.00—
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Ski jump - definition sketch (Chanson, 2015)

a=15-35 12m<r<19m r/d=4Fr-15 (5.5<Fr<10)

Y Y Y
approach chute bucket |

take-off lip

Figure 5.1 Definition sketch with geometry and flow parameters of a ski jump.
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Ski jump types (Chanson, 2015)

' Type | ype
-~ _..-"-.
(b) Type 2 =) . Type 5

’ Type 3 f
" W Type &
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2Kitoo eKToCeLONEVOV PAEPOV amo ski jump
(Chanson, 2015)

Layout | with parallel side-
walls combined with bucket

Type |

R

(=)

-

(&)

Layout | with parallel side-
walls combined with bucket
Type & (Mason 1983)

!

Layout | wich parallel
sidewalls combined with
bucket Type 2
TR
= =
i
<a

=)

EMM-AMMS SxoAr MoA. Mnx.
Maenua: d®payuata, AIDAOKOVTEC
NI MouTtapng, MN MNanavikoAdou



2KIToo EKTOCELOUEVOV PAEPOV amo sk1 jump 2
(Chanson, 2015)

Layout 2. Contraction {or
C:_ I slit-type  bucket, Zhenlin
et al. 1988, Dai et al. |988)

(<)

Layout 3. Expansion
(e)
{f

Layout 4. Vertical deflector

{Juon and Hager 2000, Lucas
et al. 2013, Fig. 5.6h)
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Spillway of (b) Wivenhoe dam (Australia) during
operation (Photo H. Chanson) with bucket Type 1
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Chute end of Karahnjukar Dam sp111way, Iceland
(Chanson, 2015)

Plain end-overfall with oblique
takeoff lip equipped with
baffles) with 1in operation with a
discharge of some 300 m?/s
(Photos Landsvirkjun, Iceland).
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Jet trajectory (Chanson, 2015)

Jet features on a physical model, showing transition from black-
water approach flow to fully aerated jet (Photo VAW, ETH
Zurich)
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Scour depth (Indian Standard)

)]
\
55.
%‘f’(iﬂ
100+ 5 B \ﬁﬁ_ 15
80 1 MAITHON . i
T 2 PANCHET HILL _ . - G/ i
607 3 HIRAKUD (I ' ﬂg.u"k/
& 4 GANDHI SAGAR (1962 o e W]
Ef-ﬂ" S MANDIRA =
& 6 TiLAlIY A
- 30 -
P . ol - 21 FARKHAD
207 = - J 22 KONDO POGA
z o 23 GETALSUD
z 19_ o 24 PICOTE
S 10 8 | * 10e" » 12 SRISAILAM 25 KU KUAN
o 8 o al 13 PANDOH 26 WUCHIEN
: B UNG
% 6 — 2 / 1: mglmfnﬁ BASSA ig -:E:::!NG
= 1 A BA
{% )/' / " CA
) / GANDH| SAGAR (1973) 16 TARBELA 29 SHIHMAN
S 4 8 UKAI (1973) 17 TARBELA
E 5l 9 UKAI (1976) 18 TARBELA
G 10 DANTI WADA 19 CONOWINGO
= 11 R.P, SAGAR 20 ELMALI
2 T T T 1
100 200 500 1000 2d00 5000 10000 20000 30000

{ qH,)~ METRIC UNITS —=

FiG. 16 Desicy oF TRAJECTORY BUCKET — EsTiMaTION OF ScouR DowsNsSTREAM OF BUCKET

EMM-AMMS SxoAr MoA. Mnx.
Maenua: d®payuata, AIDAOKOVTEC
NI MouTtapng, MN MNanavikoAdou

P EOEL SI

org



BuvOiwouevo flip bucket

Re%erence

Bureau of Indian Standards
CRITERIA FOR HYDRAULIC DESIGN OF
BUCKET TYPE ENERGY DISSIPATORS
( Second Revision )

0L

f#} SOLID ROLLER BUCKET

T GEOUND T
sumFacE ; \POWER 'h

() SLOTTED ROLLER BUCKET m—

EMM-AMMS SxoAr MoA. Mnx.
Maenua: d®payuata, AIDAOKOVTEC
NI MouTtapng, NN ManavikoAdou



Bafftles

EMM-AMMS SxoAr MoA. Mnx.
Maenua: d®payuata, AIDAOKOVTEC
NI MouTtapng, NN ManavikoAdou



3. Yrepyeruotg Ogee unkoug L,
VTTOAOYIGUOC TTOPOYNG

0.50 l [

7
0.45 7

0.40 jl

0.35

0.0 0.5 1.0 1.5 2.0 2.5 3.0
P/H,

EMM-AMMS SxoAr MoA. Mnx.
Maenua: d®payuata, AIDAOKOVTEC
NI MouTtapng, MN MNanavikoAdou



AVOQOPEC

1. Noutoonoviog, I, Xpototodovrov, I, [anabavaciadng, Tnia 2007. Ydpaviinn avotutwy
oywywyv. Exdoceigc EMII

2. Bureau of Indian Standards CRITERIA FOR HYDRAULIC DESIGN OF
BUCKET TYPE ENERGY DISSIPATORS ( Second Revision)

3. Chanson, H. (Editor) 2015. Energy Dissipation in Hydraulic Structures, CRC
Press/Balkema (Chapters 4 and 5)

4. Federal Emergency Management Agency (FEMA P-679), 2010. Technical manual:
Outlet Works Energy Dissipators (Chapter 2)

5. Khatsuria, RM 2005. Hydraulics of Spillways and Energy Dissipators, Marcel Dekker

0.  Peterka, AJ, 1984. Hydraulic design of stilling basins and energy dissipators (8th
prmtmg) Eng. Monograph No. 25, US DOI, Bureau of Reclamation

7. Wei, CY, and Lindell, JE 2004. Hydraulic design handbook Chapter 18,
HYDRAULIC DESIGN OF STILLING BASINS AND ENERGY
DISSIPATORS. McGraw-Hill

8.  US DOT Hydraulic Engineering Circular No. 14, Third Edition, Hydraulic Design of
Energy Dissipators for Culverts and Channels. Publication No. FHWA-NHI-06-0806,
July 2006 (Chapters 6 and 8)

EMM-AMNME SxoAr} MoA. Mnx.
Maénua: ®payuata, AIDAOKOVTEG
NI MouTtagng, NN MNanavikoAdou



