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Determination of state of flow and critical depth in open channel

1.1 General:

rent fluid properties such as viscosity,

‘ ffected by diffe
S st oW s RS L Ce These effects results different state of

density. surface tension etc and also the gravity. Sulis
flow 1?1/ open channel. This experiment mainly deals with determl{latlon qf the state of
flow in an open channel at a particular section. The state of flow 1s very lmpoﬂa!?t, as
the flow behaviour is depends on it. In order to construct different structures 1n rivers
and canals and to predict the river response the state of flow must be known. The

experiment also deals with determination of critical depth, which is very useful in

determining different flow phenomena. | B b S 2
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1.2.1 State of flow: |

State of flow is an open channel is based on the combined effect of Viscosity
and Gravity. Depending on the effect of viscosity relative to the inertia, the ﬂow may
be laminar turbulent or transition. The effect' of viscosity relative to the mertl? is

g -

expressed by the Renyolds number given by, F_I. - j’ Vi

§ T AR ¥ ) ke
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where, V = Mean velocity ok
pree >

R = Hydraulic radius =A/P
A=Wetted area A= b}
P=Wetted perimeter = b+ 7
v = Kinemetic viscosity of water.

Kinematic viscosity vary with temperature. The value of v at different temperature is
given in Table 1.1 '

When, R, <500 the flow is laminar
500 <R. 12,500 the flow is transitional
R. > 12500 the flow is turbulent.

Most open channel flows including those in rivers and canals are turbulent. The
Reynolds number of most open channel flows is high, of the order of 10°, indicating
that the viscous forces are weak relative to the inertia forces and do not play a
significant role in determining the flow behaviour.

- Depending on the effect of gravity the flow is classified as supercritical,
critical and subcritical flow. The effect of gravity relative to the internal force is
~ expressed by the Froude number, defined as
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Where,
V = Mcan velocity F g v
D = Hydraulic mean depth=A/T & e Tgt
A=Wetted area Sl adletromtime b e T
T=Top width A= , T=b
g = Gravitational acceleration 'b
When, Fr>l the flow is supercritical T
Fr=l the flow is critical a’
Fr<l the flow is subcritical
Generally the flow in most rivers and canals is subcritical. Since the state of open chanrel
flow is primarily governed by the gravity forces relative to the inertia force, the Froude
number is the most important parameter to indicate the state of flow.
Depending on Froude number and Reynolds number, the following four states
of flow are possible.
J)Subcritical Laminar Fr<l, Re<500
s ¥f)Supercritical laminar Fr>1, Re<500
k. : #1)Subcritical turbulent Fr<l, Re>12500
e ¥fSupercritical turbulent Fr>l, Re> 12500

The first two states of flow, subcritical laminar and super critical laminar are not
commonly encountered in applied open channel hydraulics. Since the flow is
generally turbulent is open channel, the last two states of flow are considered is

engineering problem.

Table: 1.1 Physical properties of water.

Temperature, e Kinematic viscosity vx10® m¥s




1.2.2 Critical depth: A8
Critical depth is the depth at which the velocity is such that the Froud number
is equal to unity for a given discharge and channel section.
2 A
o - and simplifying, one get, for rectangular

gt 8
Lo omd ”q/g'ﬁ/T

So, putting =L in Eq.(1.2) using -

section
Q o WL
Ye =i g8 + g5t \ady a3 2p
where, A : S
ye= Critical depth o gy & =4
Q=Discharge = "a' 5 A d
B =Width of the channel : %? ¥ A 3&; 3 %QL—,_

In critical depth the flow is critical. When the depth is greater the than the critical
depth the flow is subcritical and when the depth is less than the critical depth the flow

is supercritical.

1.3 Objectives of the experiment: w :
f a weir.

1) Tomeasarewaterdepthatboﬂlu/sandd/so

2) TodetcrmincﬂncReandF,

3) To determine and observe the state of flow.

4) Todztcrmimcriticaldcpdl &

3y Tﬁobwrvcthcsubcriﬁcalmdsupercnﬁcal flow.
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1.6

1.7

—
.

Procedure:
1) Measure the depth of flow at section 1 and section 2 by point gage.

i) Take the reading of discharge from water meter.

iiiy  Calculate velocity at both section.
iv)  Calculate Re and F, for both section using Eq.(1.1) and (1.2) and

determine the state of flow.
v) Calculate crifical depth y. using Eq.(1.3)

Assignment:

Why the state of flow and critical depth of a river need to be determined?

How can you determine that the flow in a river is subcritical, critical or
supercritical without taking any measurement?

Reynolds no and Froude no, which one is more significant in determining flow .
behavior of a river? Why? = T, mmtl. 2 ;CA’& e it L ‘M%

‘5@“01 e hamal jluw Havt
Apreca “» &%vﬁ earrt - 4.
References:

i) Chapter —1 (Open channel flow and its classification), Chapter —4 (Critical
Flow: Its Computation and Applications), Open Channel Hydraulics-By,
Ven Te Chow.

i1) Chapter —1(Concept of fluid flow), Open Channel Hydraulics-By, Richard
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Experiment No. 2

Flow over Broad Crested weir ;
. Agua - early conxtruaefed 4 et vp
2.1 General: &y 'l: ! L eo

A broad crested weir is an overflow structure with a truly level and horizontal
crest. It is widely used in irrigation canals for the purpose of flow measurement as it is
rugged and can stand up well under field condition. But practically some problem
arises with the weir as there exists a dead water zone at the upstream of the weir and
the head loss is more comparable to other device. This experiment deals with
measurement of discharge using the broad crested weir and also calibratic:n of the h}r
ow

weir. ; N j-e-
By ied (HARTA w.lou*x @pd WA (e £

2.2“ . ‘
g DEAD WATER 2ONE cruste 2aT

2.2.1 Description of the weir:

The broad crested has a definite crest length in the direction of flow. In order
to maintain a hydrostatic pressure distribution above the weir crest i.e.__tg__n_lgjnxain_th:
stream lines straight and parallel, the len ir i i 0.07 <
H,/L < 0.85 where H, is the head above the crest'and L is the length of the weir. The
upstream corner of the weir is rounded in such a manner that flow separation does not
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—v=2g(H, -y)
So, Theoretical discharge,

Q,=Av=A2g(H, -y)

l Provided the critical flow occurs at control section (y= y.), then

Q, =By.2g(H, -y,) (2.1)
where B is the width of the weir. Now, for a rectangular channc',i/;t critical section
there exists a relationship between total head and depth of flow as H=3/2 y.. Hence
putting y, = 2/3 H;, Eq.(2.1) stands as,

Q.=(2/3)"JgBH}®
M

(22)

2.2.3 Coefficient of discharge:
Due to some assumption taken in the derivation of the governing equation the

theoretical discharge and the actual discharge always varies from each other. So

coefficient of discharge introduced. If Q, is the actual discharge, then, the coefficient
of discharge, Cq, is given by
Ca=Q/Q: (2.3)
(2.4)

Then,  Q=C,(23)°JeBH}’

aidmlm’gc for the broad weir is depend on the length of the weir and the
unmuxsrmndedorthomny.maﬁeld
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2.2.4 Calibration: *~ JAm e Zm  meesnns JT
HR AV

Calibration means development of a definite relationship between water depth
and discharge of a flow measuring structure. For broad crested weir there is a
relationship between upstream depth and discharge; i.e. Q = ky," . This relation is
named as calibration equation. . So calibration deals with determination of k and n
and develop the equation Q = ky,". The plotting of the calibration equation is
known as calibration curve. There are two different ways to develop a calibration
equation. They are —

1) Plotting best fit line by eye estimation
1) Developing best fit line by regression

By eye estimation:

: .As, log Q= n log y; + log k so, if Q and y, are plotted in a log log paper the
line will rcl_:resent a straight line. So different set of Q and y; are plotted in log log
paper keeping y, in x axis and Q in y axis. The best fit line is drawn by eye

estimation.‘ The slope of the line gives the value of n. Then for any value of h
corresponding Q is found from the best fit line. Using these value of h and Q and n

the value of K can be found form the equation Q =ky;".
& n=1-45- I'55
By regression:

Q=ky"
or,logQ=logk+nlogy,

o let, logQ=Y , log y;=X, log k=K
s0, Y=K+nX




O

Q‘q’l\ regressmn (Should be done by students having even student number):

i)  Foratable having columns Q, y1. X, Y, XY, X as discussed
in article 2.2.4 (Detailed given in calculation portion) and find

the value of n,kand r.
ii) Compare the equation formed by eye estimation method.

2.6 Typical shapes of the graph:

Qs y graph:
As, generally, Q=ky" so, in plain paper the graph will be a parabola.

But in log log paper it will be a straight line as | = +
eQuatxon of straight line (y‘mx+c) a og Q= n logy log k which is a

(3:()\3 &\\ duad Discharge vs Dq*ﬁ"‘ff""ggz‘f“'
VS lﬂ %L
| km (1?1 Pla);n?)r:;)e};) 2 Q.vsy Graph =
B S pov (m“"D 3 (In log-log paper) K=
Joken wﬂ‘\m/ Q g;
‘,'*""b"' G rt 3 S ot

g : y
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2.7 Assignment: S n mwaswie - 23 FN orj\ ee‘w%'ﬁ! R O
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1. What are the advantage, clxsa‘dvantagcamiusmafbroasdcw:af(sa‘;!»-e-t?;‘?'mM't
y Rmessarym«:ahbmcthcwenr?
0.07 <Hy/L<0.5. What dose the upper and
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Experiment No.3

Flow Through 2 Venturi F l%me o
a‘PO’Z ,Q,u wme | £ fnu

surface on tof
o But vttt flume A= bott
e method of artificially creating a critical be A

termined, a Weir installation has at least two LoHorm
latively high head loss. Second, most ¢ f“,_

installation which can serve as a zzy;
ot in the flow. Both of these A fﬁw
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3.1 General:

. Although weirs are an effectiv
section at which the flow rate can be de
disadvantages. First the use of weirs results in re
weirs create a dead water zone upstream of the
Z?ttl:ing basin for sediment and other debris prese
v:}sl?d‘l’?;lt:f;f?cic:g tbe overcome with an open flume having a contraction in Wi
g = d0 cause the flow to pass through a critical depth. Venturi flume is
outlet of canal et ey 1 | s il
g va lt:: supply water .in the field or distributory

; b e ..hT&_dl___S;&_d:on g antage that there is relatively small head di
critical section, specially in low Froude number. This experim

canal. But a Venturi flume

fference between upstream
ent deals
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‘ «»With measureme i . :
% B nt of discharge “smﬂa V?{“ﬂ flume and also calibration of the
R — e F low pettem “H\f‘“g‘\
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3.2 Theory:

3.2.1 Description of the flmm-e: i]Plu'Ithf o e - JAJ\M.L

Venturi flume has a convergi 1 ergin
) : ging section a throat section a divergi 1
The bed level is kept horizontal. The streamlines run parallel toaea:h othegr :cltz:t

over a short distance.
. 3 sethHons ventuond -flume. -
" mem.%w% i1 b 2-2
A Ma} 2-2 ‘o 3-3
2. p'waua‘w\a'

3-2 4 4-4
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, o Fig. 3.2 Free flow condition Vv
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Y Now, for a rectangular flume , A;=by, and D=y, where b is the width of the Ventur
0l Mg flume at throat section. Hence theoretical discharge given by,

chanrel, Y, = U5 Qe =AY, =by. /By, (1)
ow, for a rectangular channel at critical section there exists a relationship between
total head and depth of flow as H=3/2 y.. Hence putting y. = 2/3 H, Eq.(3.1) stands as,
m

QIE=(2/32'-’3£_§_ bH"* : (3.2)
where, H = head measured sufficiently upstream of the flume.

3.2.3 Theoretical discharge in submerged flow condition:

3 il g
, aek WO ftee 2 B0 e taw

. S 2 ot T R d/s—a 1TE R KT




Now. if A and a are cross sectional area at section 1 and 2 respectively then, using
continuity equation,

Avlua\’z/,\’ %}W) oMLs ouQ ':}’?rhbd set}‘fﬂu

o S gl =M (let)
v, A\

So, S ufﬁ'fmnm f( 0 Ay

va(1-M?) =2g(y, - ¥,)

=y, w JoB) —Zyz)

1-M
Hence, theoretical discharge, at submerged flow condition
28(y: —¥2)
Q, =av, = TT (3.3)

3.2.4 Coefficient of discharge:

Due to some assumption taken in the derivation of the governing equation the
theoretical discharge and the actual discharge always varies from each other. So
coefficient of discharge introduced. If Q, is the actual discharge, then, the coefficient
of discharge at free flow condition, Cgs, is given by

Car= Qa/Qut (3.4)
Normally, in a field installation it is not possible to measure the energy head H

directly and therefore the discharge is relate to the upstream depth of flow, y; in the
following way,

Q,=C,Cy(2/3)" Jgby'? (3.5)

where C, is the correction coefficient for neglecting the velocity head in the approach

channel. Generally the affects of C, is considered in C4 and finally the governing
equation stands as,

Q, = Cy(2/3)" g By? (3.6)
and,
; Qtf o (2[3)1.5 J— By' iy (3‘7)
The coefficient of discharge at submerged flow condition, Cqs is given by,
— Cos= Q./Qu (3.8)

'3zsc.xibzm

clopment of a definite relationship between water depth
iring structure. For Venturi flume there is a relationship
MML&Q ky," . This relation is named as

t immmmnﬁonofkmdnmddevelops

; mm equation is known as calibration
op a calibration equation. They are -



% Experiment No. 4

E Flow Through A Parshall Flume P

4.1 General: S C'Al,ﬂoyoilo‘ AKV‘C:‘L :Zt:;?m\.
; The problem of Venturi flume is there is relatively small head differences . y,,
3 between upstream section and critical section, especially in low Froude number. This

problem can be alleviated by designing a flume which has a constructed throat section

in which critical flow occurs followed by a short length of flume in which
supercritical flow occurs. A flume of this type was designed by R.L. Parshall and is

widely known as the Parshall flume. Practically this used
: irrigation_canals for flow measurement purpose. It is better than all other devices

discussed before as it is more accurate, can withstand a relatively high degree of
submergence over a wide range of backwater condition down stream from the
structure, and it acts as a self cleaning device due to the fact that high velocity washed
out the debris and sediments present in the flow. However when a heavy burden of
erosion debris is present in the stream, the Parshall flume become invalid like weir ,
because deposition of debris will produce undesirable result. Another problem arises
with this flume is that the fabrication is tough and also fabrication should be done as
per requirement. This experiment deals with the measurement of discharge using
' " Parshall flume. '

e Lol o

4.2 Theory:

4.2.1 Description of the flume: -
Parshall flume consists of a broad flat converging section, a narrow downward

sloping section and an upward sloping diverging section. The reason of downward
sloping throat section is to increase the head difference between upstream section and
critical section. The upward slope is given in diverging section to produce a high tail
water depth which reduces the length of the super critical flow region.




4.2.2 Theoretical discharge:

R A sy .Fut 6 yswe wall

Fig. 4.2 Free fl iti
ig ree flow and submerged flow condition

The Parshall flume is a calibrated device i.. there exists a definite depth
discharge relationship for the flume. So analytic determination of theoretical
dmchmge is not required for this flume. The discharge through a Parshall flume is

given by
Q:=KH," : (4.1)
where, K = a constant which depends on the system of units used
n = exponent

H, = upstream depth measured at the location shown in Fig. 4.1

The values of K and n are depend on the throat width and given in Table 4.1.
According to this table for free flow condition, the depth-discharge relationship of 2
Parshall flume of 6" throat width which is normally used in the laboratory, as
calibrated empirically, is given by >

4 4
"G 03812 e 4.2)

where Q; is in m*/s and H, is in meters.




Table 4.1

Values of K, n for different w

w K .

R Jun{-ﬁ\ﬁ}
Va 0.1771 1.550 A ;_T,z
& 0.3812 1.580
1 0.6909 1.522
2 1.4280 1,550
A 2.9530 1.578

6.1120 1.607

24 14.450 17600

1 35410 1600
oo K

4.2.2 Percentage submergence: &~ = "T&"h
The percentage of submergence for the Parshall flume is given by 100 Hy/Ha,
where Hj, is the downstream depth from the invert datum.
When the percentage of submergence exceeds 0.6 the flume discharge is reduced. The
arge of Parshall flume then equals '
Qi =Qir-Qe 4.5)




o ) Land. %0 @ F
x.w&c-\»q oo sechom- A vel_ ¢| »50 A
@ ABT M %o weal A H cvues o ,Jg.iaf dabrus £ sedjvwunt

uF deonwond -4 sedtle ar@;,;egg,egggx;sww »lope A 2T I AR

tota) daborus w«z a A 1 b0 bed livel slope dwr ber
Ol{uu,cﬁ,gr A0 5 €d; thore = mNiCd-“';""—
5.1 General: ¢
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Although Parshall flume giveg:yery accurate measurement of discharge but the
problem of the flume is that the f:acation of such flume is complicated and also
fabrication should be done as per requirement. The cut throgtflume is an attempt to
improve on the Parshall flume mainly by simplifying the co i ils. So the
flume is economic and normally used in straight sections of small irrigation channels
for flow measuring purpose. The angle of divergence and convergence remain same
for“all.ﬂumes so the size of the flume can be changed by merely moving the vertical
walls in or out. This experiment deals with the measurement of di € usin t
throat flume. & mgfgf,: slope X o Vel lavel w\ﬁﬁ? -afi&v ‘e

33 ij'ﬁcﬂf bo eonstrurek = Conptrunetion Betanlsvg,
5.2 Theory: % Awlmf\il“gi: ﬁc_uk Howad Hume !

. Con» an. Lo :
5.2.1 Description of the flume: ?'Z Mol nitenance & r{éﬂplmma cost L

3. freovidss & AuShcient level of Fldlty
The flume has a flat bottom, vertical walls, and a zero length throat section. ax we_

Since it has no throat section, it was given the name ‘Cut throat’. The details of the ¢4 .,

standard shape of a cut throat flume are shown in Fig 5.1. It can operate eitherasa g

free or submerged flow structure. Under free flow condition critical depth occurs in

the vicinity of the throat. Any flume length between 45 cm to 3 m can be used while 4 WY g

throat widths between 2.5 cm to 1.8 m have been investigated. ‘f ‘S"o‘“"‘-«
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where, C = free flow coefficient given by,

C=KW' 025 (5-2)
K = the flume length coefficient
W =the width of the throat
n = flow exponent : g
H, = upstream flow depth (measured at a distance of 2L/9 form the throat,

shownin  Fig. 5.1) )
The values of K and n are obtained from Fig.5.2 for a given flume length.
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Fig. 5.2 Generalized free flow coefficients and exponents and S; for Cut-throat flume.
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5.2.3 Submergence ratio and submerged flow condition:

In order to ensure free flow conditions the ratio between the water depth at the
exit and entrance i.e. submergence ratio (Hp:Ha) should not exceed a certain limit,
called the transition submergence, S, which can be determined by Fig. 5.2. If the
submergence ration exceed the transition submergence the flow condition will said to
be submerged flow condition. R

R V4 = Subm.mac,al £How
5.2.4 Coefficient of discharge sHunas e = Froe Huw

The actual discharge is always vary with the theoretical discharge of the
flume. So an introduction of coefficient of discharge is necessary. If the actual
discharge( Q, ) is measured by the water meter, the coefficient of discharge i given

by,
Cy= Qa/Qy (at free flow condition) (5.3)

5.3 Objectives of the experiment:

1. To determine the theoretical discharge at free flow condition ¢ of
il. To determine the submergence ratio and to check the effec
submergence
ii. To determine the value of co-efficient of discharge Cd-
iv. To verify the value of C and n.

5.4 Experiment setup:
The experiment setup is given below.

y {
’ - J

| |
Flow measuring unit(Water Meter) J | ]
| ¢ M
/ L”f

I==5 ; —
e 57 Reservoir |

3
K\

e , ki 4n
: ‘ ; A i ﬂ E dw‘{ff“ ﬂh‘“ “‘V?Iji‘:fxw
:"n : ii: : &M}{'
a R mm, the value of K a0 2 o { i s
e 'ﬁkmﬂl’ of ( sy Fo /82 aulic structures

the theoretica) g w N

Determination g, .




