11. Open Channel Flow

1. Fundamentals
® Hydraulic Grade Line, Energy Line, and Head Loss

Horizontal datum {

S —— . |
71 b

Ax ]

Energy eqn. between Aand B :

2 2
ZA+yA+aA£=ZB+yB+aB£+hL

® Uniform Flow vs. Varied Flow (Nonuniform Flow)

Uniform flow

— __EL

Real fluid



2. Uniform Flow (323 in)

® Definition
Ya=1VYs
V, =V, = h=2,-14
Sy =5,=5;=S
A = F& J B

SO
S, ='k# s
S, =t

=i ©H =h_/Ax

® Momentum Egn

Horizontal

F,=FR-F,+W.sind-P-Ax-7=f pQ(V -V)=0

W -sind=P-Ax-t
(A-AX-7)-S=P-AX-7t

t=y-—S=yRS
Yy P Y

I P =Wetted perimeter (&% )

Rzészmmmmmm(«Jiﬁ.

@ Empirical Formulas for Average Velocity
® Chezy eqn.

V =C+/RS

;v ¢ C=Chezy’s resistance factor



@ Manning eqn.

v =%R2’38“2 (=41
V 1:9 R2/3SI/2 (Eﬁd)

;¥ n=Manning’s roughness coefficient
(Manning’s n given in Table 5, p.438-439)

® Uniform Flow Depth (or Normal Depth) & # -ki%
When uniform flow - Normal depth (y,)

Normal depth (y,) = Obtained by Manning eqn through trial-and-error (3# %% )

3. Best Hydraulic Cross Section (& i#-k 4 % & )
(or Most Efficient Cross Section)
® & Ek 4 ¥
Sﬁﬂ}i —}{}il’zﬁ J\mﬁA‘jk ?iL;/ﬁ?‘zP,—»ﬁ’»JEB% ’J\J—l‘jﬁR:

Example: “E2) %5 2 & if -k 4 K3
_ By _ A Ay
B+2y (A/y)+2y (A+2y%)

max

When d—:O - R

i)
A+2y* ] A(A-2y? ) _
dy (A+2y?)°

A=0 (T8)%H A=2y*>=By

B=2y®&, R =vy/2

4. Specific Energy (¥ i) , E

2 2
E = y+v__y+i(ﬂ)
29 29



(for wide rectangular channel)

® Specific Energy Diagram (“ i B])

o ——

2
When OI—Ezl—q—azo
dy a9y
—q =yV =gy’
) Y% y
->Vi=gy =>—=Fr=1 (Critical flow)
ay

y>y, = Fr<1 - Subcritical flow (I f&4 i)

y<y.= Fr>1 - Supercritical flow (4zf&7 i

® Application of Specific Energy Diagram
® Flow over a bump (424 )

@ Channel contraction (% #)



5. Hydraulic Jump (k)
® Supercritical flow - Subcritical flow
= Hydraulic Jump
® Conjugate depth (& #5-k /%)

£ L

Momentumeqgn: F,=F -F, = pq(V,-V,)

inwhich g=yV,=vy,V, = V, :ﬂ,vz =

Solving this eqgn yields:

2

Y2 1 -1+ f1+8q—3

Y1 2_ ay:
- 2
:E -1+ {1+8-L
2 ] 9y1
%_—1+J1+8Fr12]

Vl
%

in which Fr, =



6. Measurement of Open-channel Flow
e Sharp-crested Weir (44 3%)

@ Rectangular weir (4£353%)

-

"__“\
AN

5 \<

P Atmospheric pressure
')1

beneath nappe
- ~ maintained by
adequate ventilation
|1

\

Velocity

Stillin
. distribution

device .

Periodi:
vortex

[TTTTTTTTITTIITI]

Roller

el Weir flow ( plified)
Weir flow (actual) [ simplified

2 2

H +0+\L:(H —h)+0+V—2
29 29

v, =./2gh
QZIVZdA:IOH Fzgh'B'dhzg'\/E-B-H?’/z

é. }Zg.B‘HS/Z

@ Triangular weir (= % 3%)

Q=C, -%-tana-ﬁg "H?®?




11. Open Channel Flow

Definition

® Open channel flow (BHZER) » X F% Free-surface flow (5 /&R ER) °
IR ERE T R A H ERE (free surface) ZiRAE REMAMENE °
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(a) Open channel
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(b) Closed~-conduit flow with free surface




1. Fundamentals

® Hydraulic Grade Line (HGL), Energy Line (EL), and Head Loss

If S,=S, =S,

= Uniform flow

Horizontal datum 4
1

|
-

Ax

Energy eqn. between Section A and Section B :

2 2
zA+yA+aA2’a=zB+yB+aBZZ+hL

® Uniform Flow (Z22£}/7) vs. Non-uniform (or Varied) Flow (%8 Z£7%)

EL

Varied flow

|
-
i
|
!

Ideal fluid

Varied flow

Uniform flow

Varied flow i

“*—._EL

Real fluid




2. Uniform Flow (Z2#77)

£ LT T T T r——

| ;
]

@ Definition

Horizontal datum +
1

Ax

Ya=1VYs
VA=VB = hL=ZA_ZB
Sy=S,=5;=5
A Sy = R
Sw = /KIS
St = REEMEE =h_ /AX

® Momentum Eqn for Uniform Flow

Horizontal

Fo=F-F+W - sin-P-Ax-t=8 pQ(V -V)=0
W -sinf@=P-Ax-7
(A-Ax-y)-S=P-Ax-t (@ small —» sinf~tand=3S)

f:}/.?.S:}/RS

P =Wetted perimeter CEfE > j&/5)
R = ':; = Hydraulic radius (7K J7£fX) 6




® Empirical Formulas for Uniform Velocity

@ Chezy eqn
V =C+/RS
HH C = Chezy’s resistance factor

B

\ i AR
ANTCINE DECHERY FEOEBEERT MANNING

@ Manning eqn

v = LR2/3g1/2
n

F,# n=Manning’s roughness coefficient

@ Uniform Flow Depth or Normal Depth (IE % 7K%5)
When uniform flow = Normal depth (Y,)

Normal depth(Y,)-> Obtained by Chezy or Manning eqn,
but not trivial at all !!

3. Best Hydraulic Cross Section (F{E/K 7 )

Which river is the most efficient?

Stream A i
?————————  Thesetwo channels
it = have the same cross

sectional area but are

-
| cross-sectional area |

= 40 m? i 4
i

different shapes and
as such different
hydraulic radii.

#=——— wetted perimeter

Q=AV
_ l R2/3S 1/2
; n
/3g1/2
A’"S 1
Hyel lic Radi _  Cross-sectional area =
ydraulic Radius = """~ "7 777 2/3
Wetted Perimeter n P

A

FEWE S ~ B n Fol/KERE A BT - EEE P Ai/MER - KI7HE
Rl KM - BLBTE#/KAE IR (Q k) » #UR /KT -




Example: 550ETH ~ B&EKST %5

By A Ay
B+2y (A/Y)+2y (A+2y?)

R:éz
P

dR _ B

When —=0 —> R
dy

max

Ay
A+2y?)  A(A-2yY) o
dy (A+2y%)?

A=0(CF&) 5 A=2y>=By

B=2y M R, =Y/2

4. Specific Energy (EERE) ° E
v? 1(qY)
E=y+_—= y+()
29 29\y

_g_ByV
Reb g= ==

(for wide rectangular channel)

=y-V

® Specific Energy Diagram (LLEEE])

| g constant |

T ——

Emin L _S_chritical

L o2F Supercritical
SC 3

‘5. . Y min \H

E —p— 10
Specific energy diagram




When ——=1-—7=0

SViz gy = —~—=Fr=1 (Critical flow)

y 2 q’
.". Critical depth Y; = 3 Enatt E

y> Y. = Fr <1 - Subcritical flow (GEE&57)
y< Y. = Fr>1 - Supercritical flow FBEEFLH)

® Application of Specific Energy Diagram
@ Flow over a hump (\'Y#E#7)
@ Channel contraction (ZE%g) n

Supercritical and Subcritical Flows (GEEE 7 B LREESR)

® Supercritical flow

® Subcritical flow

Flow direction

12




® Supercritical flow 2 Subcritical flow (Hydraulic Jump)

® Supercritical flow = Subcritical flow (Hydraulic Jump)

14




5. Hydraulic Jump (7K&)

® Supercritical flow = Subcritical flow = Hydraulic Jump

Bl
. N

Hydraulic jump below the spillway (7K B1E75) 15

IV A

E
%

Hydraulic jump in a laboratory flume (B Ez/Kf&)
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Hydraulic Jump

® Conjugate depth (FLHE/KZE)

1R
>

Momentum eqn: F, =F, - F, = pq(V, -V,)

in which =Y,V =VY,V, = V1=33V2=y
1 2
Y .2 Y .2
Fr=Ly2, F=L
1 2y1 2 2y2

Solving this eqn yields:

2
ﬁzl -1+ 1_|_8q;3
i 2\ ow

=;_—1+«/1+8Fr12]

q hich Fr V]
in whic = \/—
gy,

18




6. Measurement of Open-Channel Flow

e Sharp-crested Weir (§7451E)
How to measure

flow discharge in
an open channel?

Sharp-crested weir (£74%1E) to
generate nappe flow (E77)

I H (HKE) —Q = Nappe (/K )

(H &7KEH fEEHREQ)

T)?B?gﬁﬁl

10



@ Rectangular weir ((ETIE)

| [ . i EL
< —— T T B
%nllmg m:frl:ﬁlltx;r; _— Nappe o :I[_ %:[ —
T - : N\ Atmospheric pressure T -
J .\ beneath nappe e i
P:;itogc:"_ o adequate ventilation AN -
- I:I—*_.I ¢ -
Weir Ih\\\Rlo;Il‘:u;lh e
2 2
|_|_,_0_,_V;:(H—h)+0+V—2 v, =4/2gh
29 29 ’
Q={v,da=[" 2gh-B-dh=3- 2g-B-H*?
2 0 3
Q=C, g /Zg .B-H?*?
3 21
@ Triangular weir (=5E)
8 5/2
Q=C, -E-tana-\/Zg ‘H
22
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Why actual flow is smaller
than idealized flow?

Drawdown (7K JBif%)

T NG Q real

12



Pressure distribution due to
local streamline contraction

(SR E)

= . Pressure - head
= _— .. distributions
¥, v : ‘r

>
S

T T LN

0

2

s

Indirect source of pressure: Weir

(EIZBRTIZR)
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