Pevotounyavik

Pon
GE OVOLYTOVS OY®YOVS




Ewcaymyn s

Pon o€ avorytovg aymyouc (open channel flow) : por pevoto¥ oe
QLOIKO/TEYVNTO AY®YO, TOL OTOIOL N AVAOTEPT ETLPAVELD BpiokeTon eEledBepn
VIO TNV ETLOPOCT TNE ATUOGPUPIKNG TIEGTC

ITAéov cuvnBeg atvouevo pong otn VoM (Totaua, Kavailo, Bpoyn-otéyec,
VTOVOUOL, KTA.)

Enevépyeia 000 (2) ovvauewv 1. Bapimra (exttdyvvon g pong)
2. IEmdelg dovvauelc (pEVGTO-TOLYMOUATAL,
emPpAovvon g pong)

AvaAivon moAvTAOK: —> Pon o€ 3 dwootdoelg
= Mn otafepn) daToun aywyov
= Mn o100ep6 Vyog eEAehOEPN G EMPAVELNG
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Ewcaymyn §§:

u(y) HEDT] A
= A

LOOTOYEL

HOAAUAES

I
Yympuo. Kortovourn toydtnrog 6€ (o €yKapoio O1TOUT) oVOIKTOD KOVAALOD

toyaiog owtounc. H péytotn tayvtnta (v,,,«) eneaviCetor Atyo kdtwm
amo TNV eAEVOepPN EMPAVELN TOV PEVGTOV.

AlMNe-MnA Mnxavikj PeuoTtwv 3



Classification of Open-Channel Flows | se::
e Open-channel flows are :.

characterized by the presence of a
liquid-gas interface called the free
surface.

e Natural flows: rivers, creeks, floods,
etc.
¢ Human-made systems: fresh-water

aqueducts, irrigation, sewers,
drainage ditches, etc.

e In an open channel,
the flow is 3D

u=0 on bottom and sides of channel
due to no-slip condition

Velocity is maximum at the midplane
of the free surface

In most cases, velocity also varies in
the streamwise direction
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Tropazoidal  Chonnal

Norrow
Rectangular
Sectlon

Shallow Dikch

Watumai Treaguiar Chamne!

Yympuo. Koatavoun toyvutntov yio Sideopa TpoPil KavoAldv
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Atatoun
v Méeon tayvnta (fi2, m?)
[Tapoyn pOTG OO TNV
(Flow rate) EMUPAVELDL A
(cfs, m3/s) (ft/s, m/s)
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Ewcaymyn ces

[ ™V EQaEUoY] TMV NORQOCROMIAWY EELOMOEMV 0TI UEAETY] TWV (PULVOLLE-
VOV QONC, OL CUVTEAEOTEC OLOPBMONC KIVNTIANC EVEQYELOS O ®al OQUNC B, BEWOOU-
VIOl OTL LV LOOL IE TN MovAdd, 1, vroBeom mov OeV VAL UOXELA CITO TV TOOY-
HATLAOTI T, OUUPOVOL LE OY ETIHEC TELQUUATIREC LETONOELC.

‘Onwg avageépdnze oL Hoveg SuVANELS OV ACuPavovTal v’ Oy ot HEAET
TV PALVOUEVMDY QONC elval oL duvduels Papivmyrac wal 1ohic. O addotatol
TOEAUETOOL TOV TTAQLOTOUY TNV £midQUoN TV duvduewy Paoitnrag ®at TN
elval o apbpog Froude, Fr, xal o agifpog Reynolds, Re, avtiotouyo.
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Eiwcaymyn

A DVOUELS  QOP0; velag

Ap.Froude =
Auva,ugzg Baporn rag
L2
pL3 pL2 =
M o e "\ ite
L2u2 = u_ — Fr=—2 = (WRi)
L3 g L g Jhg

Ri = Richardson number

Fr>1 (ueydAn toydnra, younio aboc) vaepkpioiun pon

Fr=1 «piowun pon

Fr<1 (uwpn tayvmnra, peydho Pdbog) vrokpiciun pon
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I'sopeTpio KavoilOV 43

« Kavovikig owatoung (regular section)
(n yeopetpio TNG O1TOUNC OV UETOPAAAETOL KOTE UNKOC TOL Ay®YOD)

e AKavovioTtnc owatoung (irregular section)

Opwopot :

® YOPOLAIKN SLAUETPOC d, = %
A
® YOpavAikn axKtivol R, = ﬁ
A: Bpeyoduevn datoun I1: Bpeyxduevn mepipetpog
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Koatnyopieg pong 6€ avortovs aymyovg oo

e H pon umopei va etvon otpot, petafatikn, 1 TopPooNg avaioya LE
Vv Tur tov apfuov Reynolds

e OTOV

Re — puRh

p = mokvotnTa, | = 1EMOEC, U = UECT TAYVTNTO, Iu
R;, = Yopavkn aktiva= A/l

A = Bpeyouevn otoun

IT = Bpeyopevn dduetpog

Ipocoyn:  nvopavMkn owaperpog sivan Dy, = 4A/I1 = 4R,

(apa Yo otpoT) pofj Re <500, 6y <2000)
(onA. n D, oev sivan 2R,)
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Tagwvopnon g pong

Moviun ponj (steady flow): H taydtnta kot 1o fdOog tov pevotod ot
Kka0e onueio mapapévouv otabepd pe to ¥povo.

Mn povipn pon (non-steady flow): Toyvtnta kot BdOog petafdariovral.

Opowopopen pon (uniform flow):To BdBog tov pevstov dev
ueTaPdAletor KoTé UNKOC TOV Oy®YOU.

Avoporopopoen pon (varied flow): To BdBog tov pevstov petafdiieton
KOTO LUNKOC TOV Qy®YOL.

BoOpaia 1 toyvtata avoporopopoen pon (gradually or rapidly varied
flow)

Xrpoty pon (laminar flow) : Re <2000 (500 ywa Ry)
Tovppoong pon (turbulent flow): Re > 3000 (750 ywa R;)

Nonuniform

Uniform

Nonuniform
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Classification of Open-Channel Flows | ¢

e QObstructions cause the flow depth to vary.

e Rapidly varied flow (RVF) occurs over a short distance near
the obstacle.

e Gradually varied flow (GVF) occurs over larger distances and
usually connects UF and RVF.

UF | GVF |  RVF | GVF | UF
I Uniform flow (UF)
encountered in long
—_— straight sections where

head loss due to friction
is balanced by elevation
drop.

Zy-Zy=hg

ﬂ




EXAMPLE 15.1

Calculating Reynolds Number and Classifying Flow
for a Rectangular Open Channel

Problem Statement

Water (60 °F) flows in a 10 ft wide rectangular channel at a depth
of 6 ft. What is the Reynolds number if the mean velocity is
0.1 ft/s? With this velocity, at what maximum depth can one
be assured of having laminar flow?

Define the Situation
Water flows in a rectangular channel.
B=10ft,y = 6ft, V= 0.11t/s.
Properties:
Water (60 °F, 1 atm, Table A.5): v = 1.22 X 10" ft*/s.

State the Goal
1. Re #= Reynolds number

2. yn(ft) ®= maximum depth for laminar flow

Generate Ideas and Make a Plan

To find Re, apply Eq. (15.4). To find y,,, apply the criteria that
laminar flow occurs for Re < 500. The plan is as follows:

1. Calculate the hydraulic radius using Eq. (15.5).
2. Calculate the Reynolds number using Eq. (15.4).
3. Let Re = 500, solve for R;, and then solve for y,,,.

AMNO-MMA

Take Action (Execute the Plan)
1. Hydraulic radius:

B 10 ft)(6 ft
Ry=—t VIO s
B+2y (10ft) + 26 ft)
2. Reynolds number:
VR 0.1 2727 &t
Rel O )~ 22,400

v (122 X 10°ft¥fs)
3. Laminar flow criteria (Re < 500):

Re = VR,/v = (0.10 ft/s)R;/(1.22 X 1077 ft}/s) = 500

R, = (500)(1.22 X 107" ft¥s)/(0.10 ft/s) = 0.061 ft

For a rectangular channel,

R, = (By)I(B + 2y)
(By)[(B + 2y) = (10y)/(10 + 2y) = 0.061 ft

Ym =

Review the Solution and the Process

1. Knowledge. Velocity or depth must be very small to
yield laminar flow of water in an open channel.

2. Knowledge. Depth and hydraulic radius are virtually the
same when depth is very small relative to width.

Mnxavikj PeuoTtwv 13



I'seopeTplo KOVoALQV

e Opboymvikn olatoun

44 4bh
dh — —
I1 b+2h
A
R =2 bh
I1 b+2h
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000
0000
o000
4 I 4 00
I'eopeTpio KOvail®v ¥
o Tpameloelong oloToun v | B .

m m \\‘(' IE. -z . . . ‘__‘ __|_ I

epl, =—L gty =—* N N T /
1 I o S {e\/
M MZ ﬁ/iFr\;/\Lﬂ‘_&:‘ i i -: ) ) )

€¢91=71 5¢‘92:7 5\ N S

=>M, =600 -h=>M,=h-m,

A:bh+%hM1 +%th :bh+%h(M1 +M,) :bh+%h(hml +hm,) :bh+%h2(m1 +m,)

[ =btrh>+ M2+ B+ M2 =b+ 10+ BPm + 1+ m? =

[T=b+h 1+m12+h 1+m2 —U‘i‘;t(\/lTIItl -r\/l-t-mz)

B=b+M,+M,=b+hm,+hm, =D+ h(m, +m,)

l/\lll/l 1 111/2/
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I'sopeTplo KOVoALQV .

e Tprymvikn otatoun

(o1 101eg oyEnelg yio b=0)

1 | | | 1
AZEhMl +5hM2 :Eh(Ml —|—M2)=5h(hm1 +hm2)=5h2(ml +m2)

=12+ M B+ M7 =1+ hom] 4+ o] =
[ =hyl+m’ +hl+m; =h(y[1+m] +1+m))
B=b+M,+M,=0+hm, +hm, ="(m, +m,)
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I'eopeTplo Kavoilov o

e Kvuilkn olatoun

A:(a:ﬂj— (a:(ﬂ—ﬁ)

o R

Eupadov koxkhov EuPaddv toéov  EuPaddv tprydyvov

H:Zﬂ%—(ﬂ—e)d:M—(m’—Hd)zéll

AlMNe-MnA Mnxavikj PeuoTtwv 17



A, = R*6 — sin 0 cos 0)

p = 2RO
_A; 0 —sinfcos0

(a) Circular channel (0 in rad)

]

Ac_ Yoy
p b+2y 1+ 2y/b

Rh =
(c) Rectangular channel

AMNO-MMA

b

e —

R _Ac _ y(b + y/tan 6)
h™ p = b+ 2ylsinf

(b) Trapezoidal channel

(d) Liquid film of thickness y

Mnxavik PeuoTwv

H Bpexduevn
TTEPIUETPOG DEV
OUMTTEPIAQUBAVEI
TNV €AeUBEPN
ETTIPAVEIQ.

Mapadciyuara Ry,
VIO KOIVEG
VEWMETPIEG
QAVOIKTWYV QyWwywVv
divovTal oTO
dITTAQvO oxnua.
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Moviun opowopopen pon — E€tewon Chezy | 32

IIpovmoBéaerc Yo oporopopen porj
¢ No uny vrdoyouvy eumdde wov Ba uetafdrrovy 1o fdboc porc.
¢ Nao uny vragyouy Petaforéc e eyraoolas SLLTOUS TOU ROVAALOU.

¢ No uny vrdapyel pete o] ToaytTTog TV OTEQEWMY TOLYMUATMY TOU HAUVAALOU.

Yymua. Ouotdopopen pon — Avvaueig
OOKOVUEVEG GE OYKO EAEYYOL TOV

YOO pPELOT ov.
EVEQYELOG

eAev0EON HMopariiniia: o) [TuOuévag

ETUPAVELDL B) EAe00epm emipdvela
Y) YOPOUALKT YpOopLpn
0) I'papun evépyetog

| ITWV 19



000
r r ’ e 0000
Moviun opowopopoen pon — ECilocmwon Chezy | 822
L X
o
[ ll?',"?_g
yoouwj
EVEQYELOG
crigaven o gif ou*

T, [1L = Bsin6=1,IIL = pg AL SiﬂB:}:‘lﬁ”:%Qg sin 0

1 fou=4 1, 2 (8¢ p—
—fou-=pgs=—fou"=Rpogs =>u=,/=-2 VRys
3 I 3 Vo
) ) Re . e€iomwon Chezy
Av optoovue w¢ otabepd C=, / 8_2 Tote U =C RhS ) )
f (I'arrog Mnyavikog, 1769)

OOV R, €1vOL 1) VOQUUMAY] ATIVAL KO S EIVOL 1] RALOT) TOV TUOUEVA TOV RUVOALOU
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Moviun opowopopoen pon — E€tcmwon Manning | s22°

— eiocmon Chez
U =C4R,s giooon Chezy

o Av ki &yel e€ayDel yio LOVIUT OUOLOLOPON POT] YPTNGLUOTTOLEITOL LUE UEYAAN
axpifela kot yio Babuiaio avopotdopopen pon

o IIpoPreyn ™ otabepds ¢ yioo Eva 0€00UEVO KOVAAL

e H amlovotepn kot evpEmS ypnoLonoovuevn eivon n e€icwon Manning:

R % 1 y Omov n 0 cvuvteleotc Manning, e€aptdTal
c=—"_—q4y=_ Rh 3 \/; amd 1O €100¢ TNC EMPAVELNC KOl
n n TPOGO10PILETAL TEPOUOTIKA
n
oto SI GTO OYYAMKO GUGTNUO LOVAO®V

AlMNe-MnA Mnxavikj PeuoTtwv 21



0oco
Twuég Tov ovvrereotn) Manning §:'
IHivakog. Tipuég Tov ovvreresti) Manning.
Eldoc emugpaveiog n
[Thaotnog Ayoryoc 0,009
Kahd hetaopévog E0vog ayonyoc 0,009
KoBopo toevto-moi Aetog Aymyoc 0,010
Koo oxvpode . Xaropowvol aymyol pe nhmoeLg 0,013
Aglo €dapoc 1 yahint 0,020
Pudnia rordpia ymplc praotnon 0,030

AlMNe-MnA Mnxavikj PeuoTtwv
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000
000
o0
Yvvterleotnc Manning -
Type of Channel and Description Minimum Normal Maximum
Streams
Streams on plain
Clean, straight, full stage, no rifts or deep pools 0.025 0.03 0.033
Clean, winding, some pools, shoals, weeds & stones 0.033 0.045 0.05
Same as above, lower stages and more stones 0.045 0.05 0.06
Sluggish reaches, weedy, deep pools 0.05 0.07 0.07
Very weedy reaches, deep pools, or floodways 0.075 0.1 0.15
with heavy stand of timber and underbrush
Mountain streams, no vegetation in channel, banks steep,
trees & brush along banks submerged at high stages
Bottom: gravels, cobbles, and few boulders 0.03 0.04 0.05
Bottom: cobbles with large boulders 0.04 0.05 0.07

AlMNe-MnA Mnxavikj PeuoTtwv
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Channel Conditions Values
Material Involved Earth n0 0.025
Rock Cut 0.025
Fine Gravel 0.024
Coarse Gravel 0.027
Degree of irregularity Smooth n1 0.000
Minor 0.005
Moderate 0.010
Severe 0.020
Variations of Channel Cross
Section Gradual n2 0.000
Alternating Occasionally 0.005
Alternating Frequently 0.010-0.015
Relative Effect of Obstructions | Negligible n3 0.000
Minor 0.010-0.015
Appreciable 0.020-0.030
Severe 0.040-0.060
Vegetation Low n4 0.005-0.010
Medium 0.010-0.025
High 0.025-0.050
Very High 0.050-0.100
Degree of Meandering Minor m5 1.000
Appreciable 1.150
Severe 1.300

n=(n,+n;+ n,+ n;+n,)ms

AMNO-MMA

Mnxavik PeuoTwv
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Manning (0To ayyAIKO cUCGTNHA HOVAOWYV) oo

Discharge Using Chezy Equation

Problem Statement

Using the Chezy equation with Manning’s n, compute the
discharge in a concrete channel 10 ft wide if the depth of flow
is 6 ft and the slope of the channel is 0.0016.

Define the Situation

Water flows in a concrete channel. Width = 10 ft. Depth = 6 ft.

Slope = 0.0016.
Properties: n = 0.015 for concrete channel (Table 15.1).

State the Goal
Find the discharge, Q.

AMNO-MMA

Generate Ideas and Make a Plan

Use the Chezy equation for traditional units, Eq. (15.16).

Take Action (Execute the Plan)

1 49
= R 2/3 S 12
Q n

60
Rh=£—273ft and R?®=1.95

S¥2 =004 and A = 60 ft*

1.4
Q= m (60)(1.96)(0.04) =

Mnxavikj PeuoTtwv 25



o00
Q= EARZBSUZ 0000
Apiotn vépavikn drwatopt] T | eees
pioTn vop M 1h 3
O

2 2

. AR s 1 AA\/— 1A5/3\/— v
V =uAd = =— Al — §=——zS = f

n n Ul nll y =¢B/2
['lo Op1oUéEVO KavAAL, GUYKEKPIULEVIC TPAYVTNTAC, KAIGTC Ko
euPaood eykdpoiog otatoung n nEYy1oTn mopoyn Ho dtvetat yio L
otatoun dedouévon eUPadov mov Exel TNV Aot PBpexduevn L/ \L
TEPIUETPO ;

L L

Apiotn vopaviikn owatoun (most efficient section) L
Avt givor 1 QMUIKVKMK (CUVETAYETOL KOl OTKOVOLiOL GT1V @
KOTAGKELT], AOY® UIKPOTEPTC TEPLUETPOD) -
'Eto1 évag nUIKUKATKOC ay®YOC LETAPEPEL TAVTO TEPIGCOTEPO VEPD R, Y
and KéOe AALO ay®yOd 0TOVONTOTE GYNUATOS, OTAV TO EUPAOOV, M —
KAlon Kot 0 cvvteleoti)c Manning mopapévouy catabepd 90°
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AploT VOPAVAIKT OLATOUT GE AYW®YO TPOTECOELO0VS OLOTOMNS L/ \L
(m; = m, = m, idwa KAion) L
LN y L
A=bh+mh’ } = A= (T1-2h\1+m* )Y +mh*(1) L
[I=b+2h1+m?

%
ié/\f:A/ %H/—cn/:m 133

) %
Q=uA=AlR,?I=Al(£j Js =
n n\ II

(1),(2) = T =211+ m* +mh? = I15

H Bpeydpevn mepiperpog yiveton eErdyiotn yo: % =0=>T1-4hJV1+m’

1 =4hvJ1+m*> —2mh(3)
Avtikadotdvroc v (3) oty (1): A =2k 1+ m* —mh®
O Aoyoc A/II=R;, eivou icog
R A 2h V1+ m — mh2 (2\/ 1+ m2 — m)h2 B h ue h/2 yia o puc;(') eEaymvo,
h - A Kol dpo ovTd Eival o
H 4h \Y 1+m” —2mh (4 \Y 1+ m2 — Zm)h 2 Tpaméllo pe v uikpoTepN

VYPN TEPIUETPO
AlMNe-MnA Mnxavikj PeuoTtwv 27
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0000
ApicTtn vopaVMIKY dLeTONT GE AY®YO TPOTELOELO0VS LU TONNG b
(m; = m, = m, 10w kAion) oo

e Same analysis can be performed
for a trapezoidal channel

I ~ bsin6
x\ y / v 2(1 — cos )
\/ l 6 e Similarly, taking the derivative of p
, b

with respect to g, shows that the
optimum angle is 0 — 60°

J
|

A, v(b + y/tan 0)

B == B+ e For this angle, the best flow depth
is
V3
y=—5b
2

AlMNe-MnA Mnxavikj PeuoTtwv 28



APLOTY VOPAVALKI] OLUTOUT GE AYMYO

opBoymviag oratoung

2
A=2121+m? —mh? A=2h
I1=4hJ1+m? —2m

A=bh
A=2h?

2

To BaBog tnc pong eivar ico e To PO TOL TAATOVC
TOL TLOUEVE TOV KOVOALOD
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Pon 6€ ay®y0 KOUKMKNS OLOTOUNS HEPLKA YENATO

e  Mepum TANpOGN oy@Y®V G€ diKTLA
OMOYETELOTG 1] TAPOYETELONG OUPpimV,
! AP0 GLUTEPIPOPA OVOIKTAOV OLyDYDV
['vdoon g Tapoyne/TaydTnTOg LE TO
BaBog Tov peveTOH GNUAVTIKY Y10l TO
o(€O0GUO TOV OIKTVOV

d
) ) Bl h——
A(d”j{(d(”%](zj] A, = R?*(6 — sin 6 cos 6)

4 4

p = 2R0
! p —Ac_ B —sinfcosb,
Eppodov kokhov EpPadov to&ov  EpBaddv tprydvov h— 7 - 26

2 . . 2/3 8/3 . . 2/3
Q:lAR5/3 - =£d7(7t—9+sm22(9j{£(1+ sin 26 ﬂ _ Js d (ﬂ_9+51n22<9j(1+ sin 26 j
n

4\ 27-20 n 455 27 —20
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Po1] 6€ ay®mY0 KUKAIKNG O10.TOUNG HEPIKA YENATO cecs
so
| A °
- o Js &

B o yepdro aynyo (0=0) = Q0 =— — 7
_x n 44

- d
| Topaywyiloviac PpiokeTol To LEYIGTO TNG
J ocuvaptnong, oni. Q... v Adyo h/d = 0,94

2/3
In 2
H tayvnra givor: uzﬁR;f/3 :\E{d(l+ sin 20 ﬂ

n n |4 21 —26

, , s (d\"
Koyl yepudro aywyo (0=0) u, = — Z
n
napoyeyifovtag Bpiocketot TO HEYIOTO TG CLVAPTNONG, ONA. U,,,, Yio Adyo h/d=0,81

(onueimon 1: o yEUATOC aymyOg dev ExEl LEYIOTN TAYVTNTA KOl TOPOYN)
(onueimwon 2: amwopuyn WKpoV Pabov o0t LKpES TayLTNTEG — EMKAOIGEIS VMKOV)
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Hopaoerypa

e [Tapoyn Q=0.5 m?3/s, 6tov givon TANpMG.
e Otav 1o BaBog etvar h/d=1/4, npénerv > 0,7 m/s _

Yo TNV amouyn kabilncewv. T
e Na Bpebovv ta d & s (khion), av n=0.012 Bl | -
A
Avon SN |
d d d '
E: 2_ZCOS¢ = 2(1_COS¢) =l(1—cos¢)=l:> cos¢=l:>;§:600 & 4A9:1200
d d d 2 4 2
. 2/3 . 2/3
2 2
w=u (103020 0 o7y (13029 ) L ig0=120%).0, = Im/ s
2w —26 2 —26

2
0, =v,4 =007zd7:> d=0,798m
\E(dj”:l Js (0,798

u =—— =
0,012\ 4

4

o

2/3
) = 5=0,0012=0,12%
n
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IHopdostyna, 0000
4 14 14 14 14 1 4 14 . . . .
T1 kAion mpémel va €xel £vac apyYIAOTVPITIKOC COAVOS OTTOYETEVGTC 000

Stopétpov 610 mm, £161 GoTE YePATOS péypt T péon va Tapoyetevel 0,17 | oo

m?3/s. T1 khion av péet yeudrog ; (n = 0,013)

Avon 1 42
A 274 1
¥ pon Rh:H: ] =Zd=152,5mm
27m’

10610’
Ao 2" 4 %
= 1 :—R3 = 12 3 — 2 :2 0
0=017=""F; JS e (0,1525)3/S = § =0,0028 ,840

S

Péer yeparog 47 d’ |
R, =—=—4=—d:152,5mm
[ = 4
A .0,610°
0=017=2 g% f5 =7 %010 (0,1525)%\/§:>S=0,00071=O,71/
n 4-0,013 00
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E101k1] evépyera pong
(o€ OVOIKTO KOVAAL)

2VVOMKO VYOG PELGTOV

r . u
(01’)\/0%11(1] MOV p-P _ " _,
gvépyeln v povada pg 2g
nagog)

"Yyog ehevBepng emebvetag pevotod P +
(Ypappm vopavAkig KAoNG) Pg

Av z =0 (eninedo ava@opdc), yio. Tov Tuhuéva Tov KavoaAlov, TOTE 1| T0GOTINTA:

E = (Pa00o¢g) + (dyog KivnTiKiG evEPYELOG)

etvar 1 E1owk) evépyewa (specific energy) / povada fapovg

V> 1 (QY

Fpoapn
EVEQYELOS

E=h+—=h+—|=| =h+

2g 20\ A 2g \ bh

omov : b=nAdrtoc aywyod, Eidwkf mapoyn q = Q/b (mapoyn avé povado mhitove povades: m?/s)
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E101K1) evépyera pong h

) 2
E:h+U—=h+L(%j =

q: oTabepo

28 28
2
1 (gb
E — h +— q— — /// YWoKpioIpn
2g bh /»' = 1 Meproxn
q2 - ------/f-——- -
E — h + ) [ Y ]
2 gh : ﬂtp:)ox':'l "
, . 45° |
Eoto q ota0epn), T07TE: ! . >
e T pikpd Badn, n E teivel oto dmeipo Emin =
o [ uay(’ma Fa@n, nE npociswtca rj1v E=h N o
e H c1dwn evépyeia oto C, givon n ehdyio PN =\ Aovbeic Bapbrnrac
dvvartr), Yo 6tafepT) 101KN TOPOYN, Kot 7 2
ovouACETOL KPLOLUT EVEPYELD Ma pL3(F) pLz(F) )
e To avtictowyo Baboc, ovoudletor KPioLo Ma pL'g pL'g
BaOoc kot TpoKOTTEL LE TOPOYDYIGT] KO 12 2 "
, , Y \/ — = = Fr= = (\/Fi )
e€lomon ¢ TapayDYOL LLE TO UNOEV Lg g Jhg

AlMNe-MnA Mnxavikj PeuoTtwv 35



E101k1] evépyero pong

2
OE 6[]1 " 2qh2
—=0= &
oh oh
KO M TN ¢ EAB1eTNG EVEPYELDL
2
E =E =h +-1

y1o KAOE Tiun TG E01KNG EVEPYELNS # NG
Kpiong,

avTIGTOLYOUV OV0 BN (cvluyn Bdon,
conjugate depths)

he

AMNO-MMA Mnxavik PeuoTwv

q:oTabepo

F =N
a
=]

YWoKpioIn
Meproxn

YWepkpioipn
Meproxn

Emin



E101k1] evépyero pong

Yympo. Metafoin Tne e101KNC TapOoyNG LUE
10 PBdO0o¢ Yo 6Tabepn €101KN EVEPYELQL.

Emeon n mapoyn avé povéoda mAdtovg etvar — T

g=u-h

H Kpioiun tayvtnra (critical velocity) eivou:

Poij

Ywepkpioipn
Pon

e Koauia oyéon pe v xpiocwun tayvinta ponc (Letdfacn and otpmt) 6€ TVPPDOIN pon)
e Tovtiletou pe Vv Kpioun ToyHTNTO O10OOCEMC KVUATOV EMPAVELNS LKPOD TAATOVC

AlMNe-MnA Mnxavikj PeuoTtwv
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Yrepkpiowun — Yrokpioyun pon 3

, , [
U Tavtileton pe v kpioyn
F V= —F— v = ghc TAYLTNTA S10OOGEMS KLUATMOV

EMPAVELNG PIKPOV TAATOVG

Toyvtnto pgvotov > u,
e Fr> 1, vnepkpiciun pon, onAoon n toydtnTo ponc (ToydTNTo LETAPOPEC
evog eOAOV Otav pifovpe o T€Tpa o€ po Apvn)
glvol PeyoANTEP

NG TOYVTNTOC KLUATOV (TaYDTNTO TOV KOUATOV GE U Apvn otav picovue
Lo TETPOL)

e LKkpo BaBog porg — peydAn tayvINTA PONG

o O1emeavelokéc OTapayEC 0V UTopoLV va 0100000V avavTL TOL PELGTOV

ToayvtnTa pevotov < u,

e Fr <1, vroxpiowun pon

e uegydro BdBoc pong — HiKpr TayLTNTO POTG

e Kd&Be wikpn emeavelok datapayn Umopel va otado0el avavtt & Katavtl
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® ®

| | Y
2 4 ! —»
YopavAko aipo | ; Y
[ [ —
—» : : P y'_) u—zl“
—» P | a—n —
Zypa. Yopavikd aipo oe opfoydvio ul ) Y= | _
op1LOVTIO KavAAL. I e I T

@ avopevo Katd 10 0moio N pon o€ Eval KavAal
and vrepkpiown (Fr> 1) yiveton vrokpiown (Fr<1) Fr=——
: , Vgh
KOl GUVOOEVETAL OTTO:
e Av&non tov Babouvc pong
® Av&nuéveg anmAeleg evEPYELNG AOY® GTPORIMOUOV.
Xpnowotnrae: AtoppoPntns-AlacKopmoTc/AlayvTNc EVEPYELNS KATAVTL TNE PONG, T.X.
QPAYLO (TEPLOPLGUOC THNG KATUGTPOPIKNC EMLOPACTS, VEPOD PEOVTOG UE UEYAAT TOYVTNTOL)

YnoOéoews:

e Opilovtia diwpvya opboymviknc dratouns (s < 0.05 1 5 %) oy ovvoun PBapdnrog

e W, to mAdiTtog TG dvpuyac.

e ['pappéc pong mapdAinies, oniadn ot méoelg ota onueia 1 & 2, eivan vopootaTiKéc.
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Yopoaviko arno

@ arvopevo katd To 0moio M pon 6 Eva Kovaitl

and vrepkpioyn (Fr > 1) yiveton vwoxpiown (Fr < 1) Fr= \/7 1
4

L

L

ha

L

Ao T1¢ e€l0MGELS OpUNG & EVEPYELNG OTTOOVKVEIETOL OTL:

.f::-—_( fi +4‘I. h] +§h]ul |=;~a.r] ——;;rh]

Y2 =y2—1<\/1 + 8Fr} — 1)

h

’)
Frl']

L] .F
Iy N=s

By ) 'h;') 2
+ =
o

Enewon h, > hy, npoxvntel 6t Fry >1 (vrepkpiowun pon)

Eme1on 1oyvet kot n eEI6MoT GUVEYELNG.. ..

AMNO-MMA

_'/I 1 ')2_*_ hy
j

hy

71/2

P

Mnxavik PeuoTwv

u;bh; =u,bh,

AmO TNV omoia TPOKVTTEL OTL

Fr,<1 (vwoxkpioiun pon peTd T0 AALQ)
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Yopoaviko arno

Yyo¢ ammAeli®dv eVEPYELOC

hy=E -E= o+

-

2 4hyhs

ui!
=1

u3) o =iy | 02 =)’

En€101] d¢v vositanr Yyog aroier@v apvntiko (hy<0) apa mavra h,> h,y

To unkog L tov vdopavAikod dAuatoc dgv pumopet
VO, VTOAOYIGTEL OVAAVTIKA

amodvkveietan 0t1 0 Adyog L/h, gtvatl cuvdpinon
oV ap1Buov Froude tg avavtt ponc Fr;

(BA. ZyMua, yio opBoydvia Kavaio)
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Hydraulic jump 0ol

hydraulic jump occurs when the upstream flow 1s supercritical (Fr>1). Flow will go from
supercritical (Fr>1) to subcritical (Fr<1) over a jump.

to have a jump, there must be a flow impediment downstream

the downstream impediment could be a weir, a bridge abutment, a dam, or simply channel
friction

water depth increases during a hydraulic jump and energy is dissipated as turbulence

often, engineers will purposely install impediments in channels in order to force jumps to
occur.

according to Chaudhry (1993), the best jumps occur when 4.5<Fr<9

a strong jump occurs when 1>Fr>9,

a steady jump occurs when 4.5<Fr<9,

an oscillating (meprodikadg petafailopevo) jump occurs when 2.5<Fr<4.5,
a weak jump occurs when 1.7<Fr<2.5, and

an undular (kvpatiotdg) jump occurs when 1<Fr<1.7

(IInyyn: http://web.mit.edu)
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4 e astrong jump occurs when 1>Fr>9 00
Katnyopieg CR ’ o000
e a steady jump occurs when 4.5<Fr<9, 0000
4
’[)8 p(l\))»lK(DV e an oscillating (neprodikdg petaforlopevo) jump occurs when 2.5<Fr<4.5,| @ ® @
, e aweak jump occurs when 1.7<Fr<2.5, and ot
OARATOV ) °
!’l e an undular (kvpatiotdg) jump occurs when 1<Fr<1.7
TABLE 13-4
Classification of hydraulic jumps
Source: U.S. Bureau of Reclamation (1955).
Depth Fraction of
Upstream Ratio Energy Surface
Fry ¥aln Dissipation ~ Description Profile
<1 1 0 Impossible jump. Would violate the
second law of thermodynamics.
1-1.7 1-2 <5% Undular jump (or standing wave). PRGN U e
Small rise in surface level. Low energy ¥, —L, / A2, N
dissipation. Surface rollers develop | - . \_,|
near Fr = 1.7.
Steady jump (4.5<Fr<9) > 2 ° 4 2 Y
1.7-2.5 2-3.1 5-15% Weak jump. Surface rising smoothly, A A Y ~¥
with small rollers. Low energy —_— T v Ny
dissipation.
Undular (xvpotioto) jump (1<Fr<1.7) 2545 3.1-5.9 15-45%  Oscillating jump. Pulsations caused by
entering jets at the bottom generate ) ) )
large waves that can travel for miles _/ ) A / A
and damage earth banks. Should be _— e - o~
avoided in the design of stilling basins.
4.5-9 5.9-12 45-70% Steady jump. Stable, well-balanced, )
and insensitive to downstream ) / 4
conditions. Intense eddy motion and -/ )_/‘ /
high level of energy dissipation within - "4
the jump. Recommended range =
for design.
>9 =12 70-85% Strong jump. Rough and intermittent.

Very effective energy dissipation, but
may be uneconomical compared to
other designs.

L
|
|
4




Hydraulic jump (due to channel friction) ecor

e Figures 1 and 2 illustrate the laminar circular hydraulic jump

e Figure 3 shows a turbulent circular jump with a pronounced outer crown

e The circular hydraulic jump may arise when a fluid jet falling vertically at high Reynolds
number strikes a horizontal plate. Fluid is expelled radially, and the layer generally thins until
reaching a critical radius at which the layer depth increases abruptly.

(IInyn. http.//web.mit.edu)
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[Teprotpepopevog vdatoEoaxe, 08 00HOYOVIO ROVAAL, LEYLOTOU TTAATOVC CVOLY-
porog 4 m emrpénel v eicodo vepol taytmrag 4,14 m/s o wopoyic 5.5 mYs.
Na fogbotv oL cuvBN®eS OTIC 0moleC OYMUOTICETAL VOQUUALAOG GALCL ROL VOL VITO-
Aoy1oB0oUY 10 oS TOV GANCTOC AOL 1) ATUOAELL EVEQYELOC.

Avan

To paboc war o apBpoc Froude avdavr tov vdatopodxtn eival:

m=Y_=_39 _—032m Fr=_-__ 414 _-99
bu, 4x4.14 Tahy V9.81x0332

[N va oympatiobet vdpoviins dhno Ba wpgnel:

I. No woydel Fry>1.
2. Emiong Fr,<1.

3. To paBog zatrdv Ba mp€mel va 1RovVOTTOLEL T TYEOT

.=1|'_ 2, 8, 2} 2N Y e
& 71 hlﬂ'v"hﬁghlulj' < 2( L+ 8Fri — ) Check: loxuel ?

Z 12
~033241/ 03%2’+8"°t e L; ("1 N
2 V.81 _0.924 m h h?

Iﬁ%'—hl +,\ h%+§hlul’2

2ZVVETMES 10 Tpog Tov diparog Ba elval:

Ni=hy—hy;=0924-0332=0,592m

ANO-MMNA Mnxavikj PeuoTtwv
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[Teprotoeqopevos vdaToEodrTC, 08 00Oy EVIO KoV AL, LEYVLOTOU TTAGTOUE avoly-
porog 4 m emrpérel v eldodo vepou tayttnras 4,14 m/s xou mapoyic 5.5 mYs.
Na fpeoty or ouvbhjxeg otig omoleg OyPOTICETaL VODOUAILG GALCL HOL VO VIT0-
hoyroBoty To Upog ToU GANCTOC HAL 1) CITMAELLL EVEQYELUC.

Avan

rl r 2 F r ﬁﬁ_ﬁ 3
To tyog amwherny vrohoyifetal oamd ) oyeon  hy= (ha-hy)

dhyha

| _h) . 3
hf= (!512 h 1} — [ﬂ.,':}24 'J'?ﬂ.,jsz) — {],1158- m
Mihy | 4x0332x0024

"Etrou o pubpoc amohes evéoyeing Ba ival:

pP= % _ ety _ QVfﬂf = oVg hp= 1000 5,5% 9,81 x 0,168 = 9,06 KW
[
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Oemorjate Tov vdaropEdx) Tov Zyjuatog. Av 1o fabog i elvor 9 m zaw 6heg ol Ess :
OMWAELEC EVEQYELOS OPEIAOVTOL OTO VODUVAXG A, va virohoyloBoty ta Pdbn o000
hy hy won 1o tpog amwrewdy. To ravaie eivar 0pBoymvio, 0pIEOVTLO %ol Leydov :.
TTAGTOUC.

Ava)

H 10w evépyeio mopapever orabeor] netast tov Béoemv (1) »aw (2). "Eror Ba
LOYUEL:

2 ) 2
uy U5 292 us
M+ —t=hy+=2=9+_25 =4~ =
2g 2g 2x 981 2x9.81
u3
‘5 7
924=hr+ —= —
19,62 -
s 7 ’ I _}

H eElomon ovveyelog mapéyel: uy=2,2 mfs
o , , 19,8 M
uhy=urhy=198=urhr=hy= (1)

u»

Avurardortadn omy (0001 eVEQYELHS 0dNYEL OTNV OYEON:

2
U~
024=198 4 "2 _ ;3 18120u; + 3884 = 0=sup= 12,24 mfs
w 19,62

47
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Aewmmijote tov vdaro@odx) Tov Zpjuaroc. Av 1o faboc i etvan 9 m wow 6heg o1

CUTOAELES EVEOQVELNS OPELAOVTOL OTO LODOLAMHO dApa, va vmoloyioboty ta by
hy hy wan o tipog ammiewdy. To ravai eival 0pBoywvIo, 001EOVELO ®OL BEYGAOU

TAATOUE,
Avia —
—»
w1=2,2m/s [
v hy
Fr=——_
e (1)
éz:‘l:._ﬁl-l-ﬂ'nl.':;hl: i
a1 en2, 8¥1,62x12,24°
T L2+ 1627+ ——
ln—_( lm+,\ lh+ lmh‘)= - ~ =622 m
| g | ys
hf= (113—112) (6.u‘_*l 67)3 — ‘Ll'
: 4ho hs 4% 1,62%622
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EXAMPLE 15.11 Generate Ideas and Make a Plan

Calculating Head Loss in a Hydraulic Jump 1. To calculate h; using Eq. (15.43), calculate y, from the
depth ratio equation (Eq. 15.42). This requires Fr;.

2. Check validity of head loss by comparing to E; — E,.

Problem Statement

Water flows in a rectangular channel at a depth of 30 cm with

a velocity of 16 m/s, as shown in the following sketch. If a Take Action (Execute the Plan)
downstream sill (not shown) forces a hydraulic jump, what
1. Calculate Fry, y,, V,, and h; from Egs. (Eq. 15.42
will be the depth and velocity downstream of the jump? What an dc(lg 23;1 Y» Vy and hy from Egs. (Eq )
head loss is produced by the jump? T v 16
Fr, = = =933
< Ve,  V/9.81(0.30)
30 cm V=16ml/s ) T — o
L/ T2 (i | m =t Vi) [y, = - [\/1 +8(9.33)2 — 1] =
! 16 m/s)(0.30
v, =1 - QemIRRm
V2 3.81m
Define the Situation - n? ~ (3.81 — 0'30)3
A hydraulic jump is occurring in a rectangular Loy, hy = 4(0.30)(3.81) -
channel.
2. Compare the head loss to E; — E,:

State the G 16 1.26°

ate the Goal h, = (0.30 + —) - (3.81 + 7) = 9.46m

« Calculate downstream depth and velocity. 2 X981 2 X981

« Calculate head loss produced by the jump. The value is the same, so | validity of /; equation is verified.
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Pon 6€ 6TEVOGT KOVOALOV oo

H pon o€ éva kavail umopel va yivel amo

vrokpiocwun (Fr <1, peydro Baboc, ukpn toydtta) =2
vaepkpiowun (Fr> 1, ukpd Pdboc, peyain tayvinta)

e g avénon ¢ kAiong tov mobuéva
® LiE LEI®ON TOV TAATOVE TOL KOVOALOD

IpoKTIKO EVOLOQEPOV TNC LEAETNC TOV QULVOUEVOV CTEVOGEWDYV ?

e Meinomn KOGTOVC KATAGKELNG YEQLPDOV GE KOVAM/TOTOUO, KTA.
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q:oTadepo Poiy

Po1) o€ oTtéveaon KavoAilov

/
/ Ywokpioimn
/ Meproxn

2 I PoRy
hel-------Z-——- 3E

Ywokpicin

1
: Ynepkpiopn

Emin E h Amax q

e 'Eotom pon pevctol oe KavAail opBoymvikng oltatoung mov Tapovctdlet petaBaiiopevo mAdtog b.

o  AmO T1C EEICMOELC EVEPYELNG KOl GUVEYELNC KO LLE dLOLPOPLOT] O TTPOC ¥ (1N KaTé UNKoC andoTacT) TOL
KOVOALOV) TPOKVTTEL OTL:

e g0V 6€ £va PovOUEVO oTEveong woyvel Fr = I tote db/dy = 0, omlaon Kpiowun Por) (ne dAha Adyro
LLEYIGT TTAPOYN Y10 GLYKEKPULEVT] EVEPYELD POTIC) UTOPOVUE VO EYOVLE GTO GNUELD EAGYIGTOV TAGTOVG
YOPIic avtd va onuaivel 6Tt kpioun pon Oa couPaivel Thvta Lévo 610 onueio pe T KPOTEPT OTOU).

A

y g=otabepo
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o000
XX
, , , XX
Pon 6€ 6TEVOGT KOVOALOD eo0
o
o Emediiynon oynparog
Pon o7o (1) vrokpiowyun — 670 (2) Kplowun — HETA VAEPKPLOLUN
Fr<1 Fr=1 Fr>1
onueio A onueio B onueioI'  gvbgia A-B-T'

e FElLdttmdom T0VL PdOoVC Le adénon tayvntac (emedn v=¢/h) Kol avENoN ™G
mopoyns () avd povéaoda mAdtoug (AOY® eEIGMONG GUVEYELNG)

A

y g=otabepo
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Iapdoerypo

Kavdit opBoymvikng otatoung £xet Babog vepo 2,5 m kot e101kn wopoyn (rtapoyn ava
novada mAdrovc) q = 10 m?/s.

Mua yépupa epantetal otic 0x0eg ToL Kavailod mov améyovy petald toug 12 m.

[To16 to méryoc TV KOA®V®Y GTNPIENG Y10 VoL UV dNUIoVPYovVToL SIVES ;

v
A

’ 1 (0Y 1 (g-bY ’
Evépyewa avavin g otévoong E=h+_—=h+ _(2) =h+ _(q_j = E=h+-1 > =33m

2g 2g 2g

« "%
F n = =

vgh gh
Lo vo unv &yovue oives Ba mpémel oty oTEVWON 1 pOon Vo, eival Kpioiun

(oni. Fr=1, onA. min evépyeia 1o GOYKEKPIUEVY TOPOYT OVA. LLOVEAO, TAGTOVS (q)
H evépyela mapapével otabepn avdpesa ota onueioa A & B (BA. mpony. oynua) kot dpo:

3 2 erattmo ) )
_ _ _ _ nke and ta 2,5 m avavtt
E_Emin —Ehc :>hc —EE:hC —2,2m

ApOpog Froude avavtt =0,3...(vroxpioLun)

(va ereyyel av woydel otL Fr=I1, NAI 1oyvet)

2

oVAVTL

2gh

' Ty 2 2
pnzg{ﬁz.khl

V2 |

2 ’ ’ 2
Eniong h =3/%e = ¢ =3[ilg =+2.2° 981 = ¢ =10,20"  Avsn0nKe om6 T 10 ms
g S

OTEVOT)

3;12n1“““i""

&)
12

/—?\ lorod0vapo pe
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Hopaoerypo

Kavdit opBoymvikng otatoung £xet Babog vepod 2,5 m kot 101k apoyn (tapoyn ova
novado mhdrovc) q = 10 m?/s.

Mua yépupa epantetal 6Tig 0x0eg Tov Kavallod mov amEyovy petald toug 12 m.

ITo16 to Yo TV KOA®V®Y GTNPIENG Y10 VoL UMV dNUIOVPYOLVTOL OIVEG ;

And v ellcwaon covéyelas PETACD TOV GNUEIMV OVAVTL TNG PONG KOL TNG GTEVIOGCTC

EYOVUE:

A-v,=A 0, (h ﬂﬂarogl)h (h ﬂﬂamgz)zz = A 105, - q, = TAGTOG, - q, =

1 2
2 2

12mx 102 = ZAdrog, x10,29 = 7l roc, = 11,66m = o@voon =12-11,66 = 0,34m

S S

TEVWOT)

312m\'L"/ lToB! 12m O
/,_h TOA0VEPO pE o
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