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A theoretical and experimental"anawsis of the _free f]ov; discharge .

cHaracteristics of the throatless flume is presentéd A pressuré cor- -
, . .
-rectwn factor which accounts for the non- hydrostatic pressure d1st:r-iﬁf

o

tion at the throat is determined experimentally, and 1ncoﬁporated in the

ree flow dxscharge equatwn developed from energy principles. Te(sts

were conducted- ee g‘eometrica/ﬂx similar throatless flumes.

+
veloped show very good agréément
o
harge re1at1onsh1p

Di schar.‘ges_ tomputed from the equa

with exXperimental va'1ues. An alternate free flow’

~—

I |

N . . which is simple for compytational purposes 1s\approximated from the free -

flow disclarge equation developed. This alternatwe equation.also shows
. B a‘ -t

P N - . ‘ N ~—
[

a good agreement with experiments. A limited amount of tests were also ~ .

. ' - “
v,y \ . . . ~—

carried out te determine the.value of the modular 1imit for the flume.

v e & : )
\ A modular limit of 80% is suggested for flows with’ flow depth to channel . -
‘ “ width ratios equal to or less than two. .
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B width at flow section con- meart velocity -
- sidered , o
. x throat width to approach
dA ele-entary area of flow at a width ntio. Be/fB, -
section ' :
Xy width at section 2 to
3 specified energy approach channel width
- ratfo, B,/B;
F Froude number
9 "acce'l,eration due to gravity y flow depth )
_h f100r ‘pressure . y; critical depth .
K pressure distributfon- y upstream depth in modular
coefficient 1. .. 1imit studies :
L, length of converging reach 2
of flume z ordinate of any stream-
: ' tube measured from bed
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. "~ flume : hefght of hump at thvoat.
L - total length of flume a .- energy coefficient
m,m” constants v i a’ pressure correction
_ - ) coefficient
P pressure at any point within . .
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1. INTRODUCTION

» L3

1.1 General Remarks . ‘ ’ . —_—

An essential aspect of water. resources'managehent is the determina-
tion gf flow rates in dben channels. The most widely used devices to

measure flow rates in such open channels, espeéially in irrigation

channels, are the critical-depth flumes. - .In thesé flumes, cr{tica1 depth

occurs at a constricted section called the‘th}oat which acts as a control.
Cénsequent1y there is a unique ré]qtionship between the water Tlevel
measured upstream of the tﬁroat and the discharge. Among the many
critica1;dgpth flumes developed (table 1),‘£he most common one is the

Parshall flume (17,18). : -

L

One of the recent developments in measuring flumes is the éhroat1ess

flume (21). This flume has a Jevel floor, .a gonverging inlet section, a

diverging outlet section, but unlike conventional venturiflumes, it has no *°

throat. For Lhis reason 1t‘was named as the Cut-throat Flume (21) or
throatless flume (4). The advantages claimed (22)‘for this flume are the

| following: (i) 1t operates well under both free flow and submerged f10w‘

conditions (11) it has a Jow head loss because of fts level floor

(111) it is very simple 1p design, and hence very economical.

A simple stage-discharge relatfonship is very valuable to any field

personnel using a measuring device. The stage discharge relationships of

throatless flumes developed by earlier 1nve§tigators are purely empirical,

and in the present study a simple discharge equation for rectiﬁ§u1ar cut- .’

B F 4 .
throat flumes under free flow conditions is developed and verified.
) - .

‘ .
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1.2 “Previous Studies . o ' . .

rd LY

Skogerboe amd Hyatt (21) ‘tested rectangular throatless f‘Iumes having ~
1dent1ca1 Tengths of converging®and di_verging secﬂons. The only vary‘lng ~'
. e . @
dimension was the width of the throat, W, which was also referred to as

the flume size. Flume sizes of I, 2, 3, 4 and 6 ft were studied unders

v . . . RN
,free flow and submerged flow conditions.. Based on their studies, .they
suggested a free\ﬂow discharge relation,

1025’156
h

. ‘ 0-—350}1 a .

-

e (1)

ES

'where Q 1s the. f]ow rate in cfs . ' . PN
. .

and ha is the piezometric head at section, a-a with'ln the convergfng

reach of the flume.

{ _.The f1umes tested were not geometr'lcal'lx similar. -

i

In a subsequent study, Bennett (3) and Skogerboe ot a’l (22) worked-on |

groups of flumes which were geometrically similar, Based on their

. experimental study, they suggested the free" flow discharge equation,.

o=chlt - @

¢

where the free flow exponent n1 is depender'\t on ‘the flume length, and is

constant for a g'lven flume length. The ﬂow coeff1cTent C, 1s correIated
4

with throat width w for a g'lven flume length as o )

C.1,025 . .
| C=XW® = B )
" where K, 1s a .coefficient which depends on flume length. .

. !
;o &

. .
[ S e E . B

N

-
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:‘ Thoygh the flumes were reporte@}to Be geometrically similar,’the ;
entrance conditions {ratio of éhénnei Qidth to throat uﬁdth)hyére not.
Keller (12) rightly points -out th1é aspect, -and in his work he used
géomé?rically similar fldﬁes and concluded that the ef?éct of non- !
simiiarity of the entrance“conditions tontributeJ’to"diffgrent dischargé
re1atioﬁ curves reported in the works of Bennet (3) and Skogerboe et al

(22)7

. ¢

Kéller noted that another.factor of 1mpor£ance was ‘the positioning of h;
" the piezomgter tapping, Qh{ch in°the earlier study, was'positionéd in the
side walf at an unstatea hefghtl The positioning too needed proper
sEaI1ng as. the pressure variation within the converging reach is non-
hydrostafic. 'Heopiaced the pressure tepping af an equal distance from the
th(?at section as in the earljer stt'J,t;IyL but inserted it in iﬁe channel
bed. The entrance conditions fbrlthe'f1umés he tested-were geometrically
similar. N ’ _
He p16tte&.th; results of Skogerboe et al (22) in the non-
0

dimensional form -
Yg Bt ha'

against ha/Bt and compared the plot with

that of hls own expérfmenta1 Qat%. He reported the absence of scale;
effects.’ - /

L ~

1.3- Neeq for the Present Study.
.The free flow dischayge re1atf§ns developed in the previous studies-
(3, zg) involve the use of two coefficients and one exponent to be
obtained-by extrapolation of the curves preseAted. Since the f1umes were
~.hot operating under dynamically §1m11ar conditions, the results are

famited in applicat\ons‘to widths of the flumes tested. .It may be added.



o To.
o s e \ .
. \\ ) \\\4\ I

that Parshall f1umes too have 2 similar _restriction.

- N

Even 1f one wants to use Kéller s discharge relation curve (12), one

L] N
_needs the measurement of ha" the bottom preSSUre reading 1ocated within

the convergingssection at one third the distance from entry to throat.

This measurement is influenced by curvature of the streamlines in the

)’conéerging reach of the flume.. Experiments show that the ratio of ha‘ to -

* the actual depth Ya decreases with increasing flow rates (fig. 1). It~

is also difficult to install the bottom tap in existing -channels, and- it

P
is 11ab1e to get clogged.

Under field conditions, :it would be 1dea1 to use a discharge nelation

!

, 1nvo1v1ng a single measurément such as depth in the approach channel where

the flow is not influenced by curvature effects. The present study aims
at developing such a discharge equation for the conditions of free flow in

thrpatless flumes. The énergy approach is used to ,develop a'discharga

. equation: Experiments were conducted on three geometrically similar

e flumes to verify the equation developed. o o
® ' q -

P W A -
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Ve 2. .THEORETICAL CONSIDERATIONS .

%

2.1 De@e1hgment of the Free Flow Discharge Equat1on
e’ .

i

The foltgyinq assumptions are made in the relationships 1inking the

discharge rate, 0, with approach f1ow depth Yis

.
parameters of the flume: - . ,

2

and the -geometrical

- (1) 'the .Cross- section of the f1ume\\§ rectangular and the floor

o

is hor1zonta1 v

v

(1)’ the approach flow is sub critica]

(iii) head Tosses in” the short converging reach are neg1igib1e-

(iv) the rate of discharge at the throat section is maximum (fig.2)

A definition sketch of the throatless flume is given in qu 3.

The specific energy across the throat section is given by

. ) } )
E v

/

Gp Y¢ o

Zg B2

A\

.

t %ty

02 ) .

2
t Yt

v

(3)

In the converging reach of the flume, the flow 1s accelerating, and

: hence the velocity”distribution will be nearly uhiform.

‘been verified experimentally (fig. 4).

-

Therefore a, = 1.

This has also

The coefficient‘ ai which takes care of pressure varijations in the

flow at the throat section is given by

PR T R O L T T s

A

«




. ’/
Do a2 [ @enve (8D L L
: o " Qy . )
wngre -y = hydrostatic dépth at a point (x,z) ~
, o 5
' p = pressure at any point (x,z)
z = ordinate o% any streamtube measured from the’ bed.

Based on the experimenta1 observations, the pressure at the throat is o, -

apbrox1mated by a linear function of the depth (fiq 5)

! . 9 ~
fe. . Rex oy v (6)

Substituting equation (6) and z = Yo =Y in equation (5) one

obtains - Co . i

| R U e P ivan )
o ap = —=— J° (\y Yo - ¥) v g cee
. Qyt (] v .

Cor¥idering unit-width of-flow, then 0 = g, v = a/y, and dA = dy , and -

equatfon (7) reduces to '

. (8)

coéfficienf, a”, with ferce. coefficient, 8~.

Combining equations (4) and (8), yields N
) | 21tk g ]

2 2
, 298¢ ¥¢

i (9)
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- X .
,0 t\
7
'\ﬁ
. \ ro. ) . '
‘; . The fiumes tested were geometricaldy similar, hence K ‘may'be
efpresseq s‘a.function of ,yt/Bt only: _'/ . N
. - N K= f (y,/8) ... [10a)

~

Experimentally it was found that the re]ationghjp of K to yt/Bt*
can be approximated by a linear equation of the type )

Co. y © K= m(y,/B,) ' ~ee.-l20b)

where m’= 0.173, an empirical constant for %he range of test parameters
. 8
(fig. 8). :

After substituting eq. (10b) ‘in eq. 19), it can be re-written in the

following form: = .. B \
. | [2. - m"(y,/B,)] :
' . 2 = 2 - . Tt T :
. % = 29 y3 [E, = ¥4] ... (11)

[y

ohe can obtain the condition for maximum discharge (Specffig energy being
constant) by differentiating q W.r.t. y, in eq. (11) and e&uating it

to zerp. .This results in

@

. Q2 o
e e (12)
2 ' .
K- ¢ Bt ‘ "

A -

Ow%ng to ihe difficulty "of depth measurement at the throat and the

. fact tfat a re]ationship in terms: of upstream depth, Y, » 1s desired, the

e

-experimental K values have been related to - y,/B,; further it is

4

observed that a better linear fit is obtafned compqred to the variation of

K with .yt_/ Bt . The 11near.f1t {s found to follow the ;elationsh1p

. y |
K=1-m(2) T . (13)
L B, o ‘

K




t

o

where the constant, m = 0.29, fd} the range—gf/tJEt parameters (fig:'7).

The Specific energy at the upstream section (1) can be written as ",

y2 .
Ei*a”y; +a - ... (18)
1 ng

Both o” and o, can be taken as equal to unity since the flow in '
1 .

Tew et ’

section (i) is uniform. Thus

vz ¢
E = ¥; + -1 ‘
1 ) Zg : , ) . é
2 ) .
R - =y + B ol ‘ ... (15)
, . 171
Equating E, to E, , - one obtains

5] . 2 2

y +—2  =af yt+’_._°__._ ee (16) ———
- o R2 y2 B2 v2

29 B1 y] 2? Bt yt

Substituting for- y, and ai from equations (12) and (8)\respec:

.

;Vely, and simﬁTifying, one obtains,

. 1/3 1/73 273 2 *
2 Y1 2 Bl
(__0__; = 2K _x L+ 1 Lan
q B1 (1 +2K) 1 B 2q BS Y,
71
where , X = étlB' v ... (18)

In équation (17), x 1s a constant for the flumes, tested, and K s

dependent on y,/B, (vide eq. 13). For assumed values of y,/B, ,

v

Ty



"Jf“r ° l \ - v

. ’ R . ' 2 -~ .
equation (17) can- hence be solved for -leg . The discharge relationship
. 98 '
is plotted in fig. 8. 'j 5

i : ) Sl
a0 .

. 2.2 Varfation of yylyy with Y, /8,

By suitab1e manipulation, equation (17) may be expressed as a poly—

nomial in terms of Yt/¥1- ' " h

ye 3 y o
. 2 & Ee1-0 voe (19)
2 ¥y 2 Y1 ) .

. \ . /

For a given flume, the above equation can be solved for fyt/y1 for

assumed values of y,/8, alone, since K is also a function of y /B, .

: * The variation of y,/y, with y,/B, \is shown 1& fig. 9.

R

The value of y./y, corresponding to a particulat y,78, can be

~ ﬂsubstituted in equation (12) to, obtain the flow rate, 0 .

- 2

\ ‘ . ' .
2.3 Alternate Discharge Re]ationship - ~

In the f1e1d the depth to width ratios {y,/B,) encountered are
) usua11y less than two. An approximate 1{inear relationsh1p (app]icable in
_the above range of Y1/B1) can_g* developed for the dependence of yt/y1
’on y,/B; (fig. 9).

-

Y b
“t-0.67+0.24 (y,/B)) )

. Y o

'
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j |
| ¢ ! :
\ / 10
\ +
fl “
{ 3
From equations 12, 13, 20, the following discharge relation can be -
{ derived T T
) & . ' _ . 3 .
2 y y . y .
. -9-—5 = x2 [1-0.29 (2] { () [0.67 + 0.24 (21)]} . (21)
g B, B, B, , 191
ra . .

The above equation is simpler tﬁﬁn equation (17) for“computation of

’

Q0. The discharges computed using eq. (21) are plotted against experi-
mental discharges in fig. 10.

, 2.4 The Discharge Relationship Expressed in terms of ha ," the floor

pressure measured at Section a

T ) N ' ,
| Using a Similar anproach as in section 2.1, one obtains

‘1 . _Et = Ea ' )
- ~ st I's
i .,..'J - 02 - Ld 02 -
| or . ap Yy t————— =0, ¥, * . (?2)
< 29 B} v¢ 2 BZ ¥
. »
, 1+K,° ®
h L where al = a . (23)
a
2\
Combining equations (8), {12), (22), (23), ohe obtains
' W3 1wk . (K, x,)2
. + 2K 02 ‘ a . nz |
. (A 2 ( ) =] ——+ a za ] ceo (28)
2 n3 2 p3
. 2 g BZ h3 a g 82 h3 “
4 ‘J “
K and Ka are expressed in terms of ha/Bt by means of empirically
" obtained relationships (fig. 11 and fig. 12), which are approximated by

the linear equations: . '

N ]
ri]



[ . A

—_—

| : / — 11
; ) /
\// L (\M. ,
< Ky =1-0.035 (h o/B¢) e (25)
and : y.oo. K =1- o.;sé (h,/ By) (vzs)

oy

For any value of h /Bt , equatfon (24) can be solved to obtain

0 , and hence the flow rate Q ., Fig.‘13‘§ﬁows the variation of

‘ 5 ) .
/9 B, h° / : .

0 i . w ' ‘ !
—————— with ha/Bt . .
Yq Bt h '
\ rl
SN
o v &
\
- ok
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3. Experimental Set-up and Procedure

-
L4
¢

'/A schematic layout of the experimental set-up is showﬁ in fig. 14.
Three geometrically similar rectangular throatless flumes wé}g:built using
half-inch thick p1ex191a§s shegts. The diﬁensions of the f1ume§ are given
in Fig. 15,

The tests were perfdrme’ in an 18.5" deep glass-walled horigontal . ~
channel. The approach and exit channels had widths matching with the test
flume width (fig. 14). Sufficient taps were pro;ided to measure floor =
pressures (fig. i4). A static pressure probe with flat horizontal 1imb ,
was used to record the static pressure distribution. A pitot tube was
used to obtain velocity profiles. (h

Flow depthsvand surface profilés were measured by means of point
gauges which had an accuracy of 0.001 ft and the discharge was measu;ed

with the help of a standard 60° V-Notch. The accuracy of measurements are

summarised in Table 2. ‘ : (\

Water was pumped from a sump throughna 10 in. diameter pipeline. The
water was dropping vertically into the entrance‘region of the test channel.
The control ;a1ve on the pipeline was set for each test, and the tailgate ..
at the downstream end of the channel was kept fully open to ensure freé a
flow conditions. For the modular limit studies, the tailgate was raised

in increments, and measurements were repeated for each increment. |

"
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4. ANALYSIS OF RESULTS

4.1 Experimental Results:

v
!

4,1.1 Flow Surface Profiles and Floor Pressure ProfiTes

The flow surface profiles for some of the tests conducted re
shown in fig. 16.
shown in’ fig. ‘17.

The floor pressure profiles for the same tests dre
_Fig. 18 shows both the floor préssure profdle and ' *
sur face profiTe for selected discharge rates. l

At theientry of the f1ume,‘the fToorwpressure and surface profiTes

b

are close to each other. As the fTow progresses downstream, the curvature

.of.the'surface orofile becomes more and more pronounced. COnskquently the

4

two profiles diverge from each other upto a section close to the throat.
) Al ~N . &
The floor pressure becomes’equaT to the flow depth at a section

~ This section appears to be the point of -
\

This pqint was fouﬂd to move further downstream from the

‘\%

downstremn of the throat.

’ .

throat with 1ncreasing fTow rates. The pressure distribution across this |

section was measured to check the nature of d}stribution It was observed

that there was a noticeable deviation from hydrostaff‘ distribution near -
44

the surface.

L]

2
critical depth based on uniform fTow [y3 = —973 .

N . g B

The measured depth at the sectioh was found to be less than "




~f

" 4.1.2 Presiure Distribution at the Throat

A}

The pressure distribution across the throat section was

t

. N - T a []
was. racorded only at the centre of the throat (fig..5). . - E

ressure distribution-was found to deviate from hydrostatig» The

actual distr¥bution curve is approximated by a straight line which ensures

_ierb preésure at the free surface and the total pressure force equal the ks

meaﬁufed value (fig. §). The piezometric heif/gg%jny/ﬁoint in the throat
section s thus expressed as in eq. (6).

Fig. 5 shows the values of. K obtained from the experiments. It may
be observed that Kk decreases with increasing flow rates.
‘ The' K v;1ués when p1otted against yt/B and vy /B1 ratios were

found to follow.approximate 1inear relationships. (Eqs (10b) and (13),
fias. 5)7) ' - -

_4.1.3 Pressure Distribution at Section a .. "
- " 8y .

The pressure distribution at section-a was also reconded and

the resulting ana1ysis 1nd1cated that the pressure distribution, which was

a1most 11near, can be approximated by the equation

: B. K'a y . e (27)
(' 4 * ’ Y 'r

- The K, values are plotted-against h /B, (fig. 12).
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4.2 The Free-flow Discharge Equation

A discharge relationship derived on the basis of the energy princ1p1e
with a% taken equal to one was giving erroneous results. For any
discharge, the calculated critical depth [yg,= Q%/g B%] was found to be
Tess than’the actual measured depth at the throat {Tables 3§~4, 5), the
deviation being larger wiih 1qcréasing flow rates. This caﬁ be attributed

to the nbn-hydrostatic nature of “the pressure distribution at the

;7throat. ' ) ‘ .
The relationship between” K and. y,/B, (fig. 7) was used to develop
eq. {17) and fiq. 8, which indicates the dependence of N on y,/B, .
. 5 R
g9 B,

In the range of the experimental studies (y,/B;, upto 2), the flow rates

‘obtained for the above discharge equatjon agree very-close1y w1th_measured
flow rates. As stated earlier, the debtn to width ratios (y,/B;) '

encountered in irrigation channels are usually zero to 2, which s also -

-

&

the range covered in this study.

4.3 Aternate Free Flow Discharge Equation N
\\\\\ Eq. (21) provides an explicit approximate relationship between 0 - T .
and y,/8, . Hence it ts simpler to use eq. (21) compa;ed‘td eq. (17)i

’The'discharges computed usin§ eq. (}1) are plotted against tﬁe cor-
respghd1ng measured discharges in fié. 10. From th1§ figuré, it may be
observed that a good agreement exists. Howevé:, when 2 higher dégree of

1 ]

accuracy is required, eq. (17) is recommended.

&
R T RS I SRR
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¢ 4.4 Comparison with Previous Studies

The discharge relationship obtained in terms of ha/Bt (eq. (24) and
fig. 13) shows good agreement with the data of the present study and with

those of the prev1ou§ study (lé).

It can be observed that the curve tends to reach a lower 1imit-of
15 .
0/7g Bt h.® , and it wouTd be interesting to investigate its value.” With . .
a . , ) .
T h the help of the d1§charge equation (24), this Tower limit can be derived

y]

as follows:
¥4

For low values of h,/B, , both K and K, tend to 1. Eq. (24).-

then becomes , . ‘ -
2 - / '
T 1/3 X3’ '

—

h 3T a1+ 2 ... (28)
2 2 S
] 2 M . LY
where M= 2 ... (29)
“q B2 h3 ' ' '
9Bt ha

and Xq = Bt/Ba = 0.619 for all the datas shown 1n‘fig. 13. Ins;rt1ng‘
- the value of X in eq. (28) and solving for M resqlts in the value of
0/Vg B h;:s = 0.602 , which is in good aﬁreement with the observed trend
in fig. 13. - ' . ' : -
‘ Aé this stage, it would be interesting to investigate the behaviour
of a similar re]ationship’as in fig. 13, but in terms of the upsfredm
depth, y, . instead of ha . Eq. (17) can bg re:arranged to obtain the

following equation:

' 1/3 : ' '
. 2 173 2 2e : .
. I\ I L R G R el e (30)

2 2 3 ' 2 2 3 .
98t y1, 9Bt v,




: For low values of ¥1/8B¢

form'

where

Inserting the value of

4

\

173
15N = X

] 3

= 0.52 for the flumes tested.

x in eq.
d

. tends to 1, and eq.

(31) and solving for N

17

(30) reduéés to the

P ~

results in

1
the value of Q/Yg By ¥’

5 .
= 0.582 ,

which 1s in good~agreement with the ", ‘
observed trend shown 1n fig 19. -

‘ One nay ‘investigate whether there is an upper 11m1t to thg,ya\ue of - \
. ' [ =
. ' 15 .
Q0//qg Bt 2% by writing-the expressfon as T ' \
. N ’ : 5.‘"; . X &
' By Byt
0 = Q —_= F] T e— - 'o-‘(32)
1-5 105 'B B - »
‘/g Bt LA J\g Bl Y t t

where F,

is the Froude, nuMber at section 1

The theoretical upper 11m1t of the Froude number 1n the approach
0//g B, "

» which {s equal to 1.923 for the flume geometry

channel is 1, and consequently the term will be asymptbtic -
to the va]ue\of 'BI/Bt

‘used in the study. S o .

4,5  Modular Limit Stud1es e

It s necessary to specify the 1init of validity of the free flow

theory in'the study of any open channel flow measuring device. I
1‘ '

N ATttt e SR K W W kap W
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Ty
When the depth of flow downstream from the flume {ncreases to the
J .
point where it just starts to cause the upstream head to increase, the
flume is said to be operating at the modular limit (1).: Some studies were
carried out to establish this 1imit for the throatless flume.

Based on the study, a modular limit of about 80% is recommended for

the application of the free flow equation. This value 1imits the increase -

of upstream depth y, to within 1%. ‘
Details ‘of the study are presented 1n,Appendix v.

8.6 Effect of Hump - :

1

s

A simple rise in the flume bed termed. as a hump is sometimes used to-
promoté the formatien of a coétr61 section at which the flow depth is
uniquely ‘related to the discharge (5, 11). ’

. = #° In the present study, the theoretical energy equation (15) was modi:
fied ko accolint for thé‘presence of the hump (see eq7 (33)‘1n Appendix .
V1), ' -

A few tests were conducted to exaﬁine the characte;istics of flow
when a hump was pTaced in the flume, and to check the validity of the

relationship derived. Details of the study qre'presented in Appendix VI.
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~ 5. CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

The following conc1us$oins may be &rawn from t-he present study:

A generalised free flow .dfscharge equation is derived for the
throatless flume by incorporating tﬁe necessary correction factor
in the energy equation toéaccount for the non-hydr;)static spres‘sure
distril;ution.‘ The validity of the equation was found to be

.satisfactory for geometgic'any simitar flumes operating within the.

-range of approach channel depth to width ratio equal to two. The

equation 1s applicable to flumes having throat width to approach
channel width ratio equal to 0.52, and having converging leéngth

to diverging length ratio equal to 0.5. Based on the 1imited study

.o — ’ *
carried out to determine the ‘modular 1imit of these flumes; a

(11)

modular 1imit of 80% is recommended to 1imit the increase 1in
upstream depth to 1%.
An alternate free flow discharge equation which is simple&for com-

} .
putational purposes has been approximated from the relationship

developed above. Within the range tested (approach channel depth
to approach channel wi dth equal to two) ar.!d'for the flumes tested
(throat width to approach channel width equal to 0.52, and con-
verging length to div\e‘rgmg length ratfo equal to 0.5), this

sexplicit equation has a close agreement with measured discharge‘s'.“\

3

»
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5.2 Scope for further Study
A

The following fur/ﬂu,er/fnve'itfgations are suggested in order to o !
supy1ément/the/b//r'és;nt study:
. -
«”(1) While the range of y,/B; may be satisfactory for most field
appHcai:i ons, the study can be extended to cover a Yarger range of
yllﬂl' 1n order to check the validity of equation (17) beyond the
value of y,/B, = 2. | ' .
c('}'l) It would be desiraiﬂe to work with yhode'ls having (a) vary'lngp
' entrance width to throat width ratios, and (b) varying converging
‘Iength.to divérg1ng length rati os.‘ The effect of these parameters
may be {ncorporated in ~t:he dischayge equation, ‘with the aim of
obtaining a free flow stage discharge re!ationshib.app”cable to
any geometry of a throatless f1ume. ) /
(11f) The modular 1imit has to be estab'li.shed b)f more extensive studies
on these flumes. It is also of practical interest to {investigate

the flow characteristics under submerged flow conditions.

.
) S\ .~
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Table 2

ACCURACY OF MEASUREMENTS

59

S. No. Variable Accuracy of Measurements
1 Length + 0.001"
2 Depth Gauge ¥ 1 0.000
3 Discharge t 3.0%
4 + 0.02"

Pressure Gauge
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APPENDIX IV . .

"§pec1men Computation

i

For computatibn pu?poses;kthe free flow discharge equation (17) 15:~

expressed as .
1/3 8

G \='R [x +-—‘—] - . ¢ LN (17b)
2x2 .
Q2 ‘ '
- where G =—-'5'
g Bl‘ /4
xt'? (2 N
R = X X and X=y,/8, N o
(1 + 2K) ' -

Eq. (17b) may further be expressed as a polynomial of the form

2 g3 + 3 24 (_3.-_1_)(;+_x3=,0 L ees (17c)e
axe 4 2R -
For  y/B, = X =05, e, ,

4

>

= 1,- 0.29 (y,/B,) = D'~ 0.29 (0.5) = 0.855

[y

1/3 2/3
. 2x(0.85) - (0.52) _ (.43

R .
[17+ 2(0.855)]

Substitution of X_‘andt R in equifjon (17¢) leads to

8 G3+ 12 G2 -~ 9.257 G + 0.125 =0 C e (17d)

®

This equation is solved with the help of a computer.

Each equation has 3 solutions - th positive and one nggative. of
the two positive values for G , the Tower one 1s adopted siﬁze 1t
satisfies the condition F, {is less than 1, while the higher one’ gives
Fy )Efeater than 1. . ' ' .

The computer solution fof‘equatiop (17d) s 0.01375. ‘
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! RN APPENDIX V

i

Modular Limit Studies

llihough critfcal depth flumes are designed to operate under free
flow conditions, 1t s a.common experience ;h&t they become submerged
under certain operating conditions. It is thus important to know the
' operating condition within which the\free f1ow equation 1s valid. .
A limited’ amount of studies were conducted with flume No. 2°(B, =
8.858 in) in order to determine the modu1ar limit The ta11gate was
fnitially kept fully open to ensure free flow conditiod, and Epe upstream
. depth (y,), and the tail water depth (y,) were recorded. y, was measured’
at.a fixed distance of 5§ ft. downstream of thé flume exit. This cor-
responds 'to a distance of about five times the maximum upstream depth.
The tail gate was graeua11y‘raised, and for each y, , the upstream depth
was recorded as y~.° * - : ‘
The_!ggylar I:mit was then estaB]ished from the plot o y;/y1
against submergence ratfo y,,y, (fig. 20). It can be oﬂserved that the
' ;modu1ar 1imit decreases w{:h {ncreasing d1scharges. o .
- ‘ Based on th study, a moduIar 11m1t of 80% {is recommended for the,
- application of the free flow equation - this value 11m1ts the increase of

y, tol% for the\range of discharges tested.
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APPENDIX VI

\

J
Studies on the Effect of hump:

Vi-1: Theoretical Considerations:

The theoretical discharge relationship for the flow through a flume
with a hump was derfved by modifying eq. (16) to account for the presence
of 2 hump. It was also assumed that both ay and °E are equal to unity.

The relationship is stated below:

1/3 15 23y

B, 2
L) - AT =2 B e
g B, 3 B, By 2 g8, Y1
\\ )"

¥1-2: Experimental Verification:

Humps of hefights 1.03" and 1.96" were installed in the flume and
the reéults are ;hown in figs. 21 and 22. From fig. 22, it can be !
observe that the éxpérimental and fheorética1 curves show increasing dis-
aéreement(with increasing flow rates.. As in the case of the' flume without
a hump, the gtreamiines were observed §o have pronounced curvature in the
vicinity of tﬁe throat, and the floor pressures were also observed to
deviate from hydrostatic in the converging reach as well as at the throat.
In one case, the hump was aiég 1Jsta11ed only in the converging reach to

investigate 1ts effect on the flow. It was observed that such an action

caused an’even larger disagreement from theoretical analysis.
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FIG. 21.
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FLUME WITH HUMP: VARIATION OF y_ /B, WITH y /B
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