EFFECT OF CONVERGENCE ON THE
DISCHARGE OF A VENTURI-FIUME

BY
Dr. Abdel-Hadi Abul-Fetouht y Dr. Talaat M. Owals

and Eng. Mahmoud H. Ahmodttt

b o 4

I. INTRODUCTION:

There are many ways to measure the discharge in open channels,
either directly or indirectly. Volumetric, electric and electro -
magnetic methods are just few examples. Direct measurement means
the determination of the volume rate or weight of the fluid that
passes through a section within a given time interval, One of the
common measuring device is what was called, "Venturi-Flume™ in
which the discharge may be computed by using a calibrated formula
in terms of the difference in heads between the entrance and its
throat, possessing minimum head loss.

On the contrary, the use of weirs in measuring stream flow
involves a considerable loss of head, since a definite drop in
the surface of the water as it passes over the weir is neceasary,
even if the weir is submerged. A similar situation takes place
if a sluice zate ia used. In measurements obtalned by using free
sharp-crested weirs, there follows most of the time the existance
of a free fall over the weir along with free entrance of air under
the nappe. In a1l cases of positive bed slopes, both weirs and
sluice gatea create retarted flow upstream forming backwater cur-
ves causing siltation proceesing. On the other hand such congt =~
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ructions oreate accelerated flow downstream accompained by large

eddy sites with high turbulence intensity causing looal scouring
processing.

In many situations, such as in feeding canals and laterals
of large irrigation system, presure head aust be conmerved. Por
this reason, the use of weirs is frequently impracticable, espec-
ially for relatively small branch and distributary canals posses-
ping low values of conveyance factor.

The venturi flume, whioh ie bated on the well-known Veaturi
-principle, is essentvially a struoture made out of stesl, wood ox
risnforced conorete which provides, within a short distance, a
limited constrioted portion converging the flow toweards its throat
shiok then diverging outwards towards its exit. The disdharge
yaepsed through oan be estimated by applying calibrated formmla
yfter rating ths flume in the laboratory sccording to similerity
theorigs and in terma of flume dimensions and the differentse in
jeads for both free and submerged osses. 1In general, a significeat
sdvantege of the veturi-flume is that its ability to function with
i relatively small net head lose,

The present sbtudy demonstrates a new type of a venturi fluae
srovided with an adverse slope through its diverging part, im whieh
it 19 beljeved that the loss of head is reduced to minimumn, This
safi be s6eompligshed by giving the flume floor verious wrtificiel
idverse alopse within the diverging part beyond the throat, %o
'hable wseleoting the libst workable, thereby permitting the comtrol
1gotion to adjust itself autohatically to the voadition of miniwma
ogd 6f gnergy transfer (refer to Pig., (1)).

Tme olaswioal gquation for the dimochayge through a veaturl
£1ums may bd expressed in the following form:

QiO.D. Tz—-- Hlll' X ERN AR EERELR ] (1)
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which: "C" is the cosfficient of discharge; and "n" is the power
ponent of head "Hl'" Both "C" and "n" vary dimensionally with

e proportional ratios of the flume like: (b/B), (K/a), (d/a),...
¢. Accordingly it is obvious to see that both "C" and "n" of

e Buggeated flume would vary with 1ts proportional dimensions

kxe: (a, b, 4, ..., B), etc. presented in Fig. (1). ‘

. THE CBJECTIVESS

The main objective of this gstudy is to investigate the beha-
our of the flow characteristice through a special venturil flume
king different values of 1tas adverse slope, and finding out the
rresponding value of the discharge coefficlient "C", and the power

-ponent "n", This besides the intention of carrying out a rather

mplete investigation covering a wide modular ranges, ylelding
nally to the best proportional dimensionrs that function accord-
& to a simple rating practical formula hoping to possess minimum
ad loss,

I. LITERATURE REVIEW

In many countries where water resources plays a most vital
le and in places where irrigation activities are of great concern
ke in Egypt, many investigators recommend using the standing wave
ume snd throated flumea as they yleld little loss of head which
oved to be more aconomically and fit synoptio diagrams in flat
untries and so workable for canals of relatively small and mode-
te discharges., For bigger discharges, standing wave weirs and
uice gate regulators may be practically reccmmended.,

The Fifth International Post-Gradueste Course in Hydrology (Ref,
") recommended a general basic equation for the discharge through
throated flume as followss

Q=ﬁlocqo ’28 . Hi.s SeasarEB ARSI (2)
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in which: ﬂls numerical factor depends upon the geometrical
conditions of the channel, and

Cq: the discharge coefficient.

Tnglis, C.C., (Ref, "7 esuggested a flume with some conditions
which shown in Fig. (2), and he propesed the following form for
the basic equation:

Q=(2/3 3 c,c-Y2e  b. w]Y cerrnnnne (3)

To obtain the above coefficients Cv and Cd’ Inglis suggeat- = the
following formulas:

H,-0,003L -
Cd=( b )1.5( 1 )1.)| A EEE R R {4)
b+0,004L Hl
2 b2 (2 a2 allS
and H ( . ) » (‘-"'—'_-) - Cv — Cv. +l= O' "R EEREEE ) (5)
373 B Hy + P

providing the following limitationa:

(a) for the flume with side and bottom contractions:
b » 0.091 m., for: 0.049 { H; <1.83 m, and
H H
b, l < 0.%0, for : —t— g,
B Hl + P b 3

(b) for the flume with a hump oniy, i.e,, without side contractions:

H
P <0.91 m., when —-b—l— < 0.30

The Parshall uessuring flume, devised by Ralph L. Parshall
{Ref. "9") was an improved modification of the originel Venturi -
Tiame. A sketch for such a flume is shown in Fig., (3), Estsblished
tables accompanied with cherts for different sizes of the indics*«d
flume were furnished, giving the discharge for each size according

¢ both upstream and dowstreem readings for either free or suhmerced
{'low cades. He proposed the following formulat
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1.52200°026

Q'_'q'oboh PRt A (6)

in whicht h = the upstream water depth at the gaging well.

Skogerboe, walker and Robinson (Ref. "11") made their expe-
riments on 2,50~ feet Parshall-flume placed in a rectanglular
flume 5 feet by 5 feet and found out that the relationship betw-
een the discharge Q (c.f.s), and the difference between the
upstream and downstream deptha took the following form:

1.53

Q= H snesseeney (7)
(log ~2~ + 0,004)1+02

Hy

Hyatt, Skogerboa and Eggleston (Ref. "6") found that for
the six-inches Parshsll-flume, the submerved flow discharge
equation which fitted the calibrated curve was:

1.66(H; - 32)1'58
Q= —

" R -}

H

[—(log 2., 0.0044)] 1.08
Hy

for one-foot Parshall flume:

1.52
3.11 (Hl - HE)

Q= H tevsassanns (9)

]
H
[—(105 =, 0.0044)]1°°B
Hy
for Four-feet Parshall flume:
_ yyL.57
ll.lQ (H1 H2)

[_(108 Ea— . 6_0044)]1-135 H Casssv s (10)
H
1

and for Six ~-feet parshall flumes
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15.89 (H, - 1:13)1"3“‘3

QI ' (B ERNENEENFNENEN] (11)
H
[—(log-—g- + 0.0044)] 1.24

Hy

Clyde, Skogerboe and Hyatt (Ref, "2") found that the relati-
onship between the discharge @, the upstream and the downstream
water depths, (H, and H, respectively), for Parshall flume const-
ructed in submerged trapezoidal measuring flumes wa3 as follows:

13.83 (H, - H2)1'7’*

: veossassessss (12)

H
[—(log —=2 0.0044)] 1.32
Hy

Fabthy end aAbul-Fetouh (Ref. "3") proposed a new type of
venturi flume which i& very close to the one shown in Fig.(d),
fitted in a rectangular flume of 50 x 50 cms., with an adverse
glope of 0.10 as one case, while a flabtbottomed flume wes the
other came. Emperical equations for the discharge were tried
out for each case, eventhough necesaity for further comprehsn-
sive experimental work left out; which was one of the main obje-
ctives of the present study,

. s ey N e e e Ay ) e

IV.1 Description of Apperatust

Fig. (5) shows a sohematic sketch for the general arrange-
.ment of the apparatus used for all experiments carried out for
the pressnted study. It consists of a closed system, where the
water was circulated by a pump capable of delivering approxime~
tely one hundred liters per Sec., cut from an underground sump,
into a constant low head tank, by means of a 12 inches diameter
delivery pipe. The supply tank was provided with a system of
skimming weirs for the overflowing process to take place, to ensu-
ra conatant head condition in sll cases. This tank feed a menaur-
ing tank below; the later was provided with a constant haad
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veriasble width rectanguler orifice. This discherging orifice
had a height of 15.0 c¢cms. and a width varied from zero to 15.0
cms., which was contreclable by a micrometer with an attached
vernier. The water flows from the orifice into a stilling bas=-
in through a dessipative device, from which the water was
conveyed to g rectangular wooden flume, after passing through

a gravel box to secure uniform developed outlet flow established
before the test mection, and secure its freedom from high turbu-
lerce intensity and eddy activities. The dimsnsions of this
rectangular wooden flame was 60,0 cms., wide, 60.0 cms. height
and 8.00 meters long, It was stiffined and fixed st different
places and lgid horizontaliy. The test section was found to be
bent located at e distance of J.84 meters from the inlet, where
the proposed venturi-flume was pleced and fixed with the main
wooden flume, with the exrpgngement ghown in Fig. (1). Nine

adverse slopes are made out of fine hard insuleted wood, which
of the venturi flume.

At the end of the rectangular flume, a movable tall gate
wag placed to be able to raise the downstream depth and to
adjuat for different submergence ratios. The outflow from the-
flume dischsrged into the same sump from which it was left to
be recirculated by the pump again.

IV.2 Experimental Procedures
The following steps show the experimental procedure.
1~ The bed of the flume was checked to be horizontal.

&= The congtant heud, variable width, rectanguler orifice
was calibrated for different width openinga, using a
90° triangular weir.

3- The behaviour of each flume was recorded by running
several preplanned experiments on it to determine, at
different discharges the upatream heads for free flow
conditions. Their, the downstream depth was raised
gradually for each experiment using the tsil gate to
determine the maximum vslue of the modular range inves-
tigyating the behaviour of any of the flumes for submer-
ged gonditions, This procedure was oarried out for
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voth the flat-tottomed venturi-flume and for each of the adverse
slope ones.,

Moreover, necespary measurements were extensively tgken for
investigating the behaviour of the water surface profile, espsci-
elly within the vicipity of the venturl flume.

V. CXPERIMERT AL KnSULTS AND DISCUSSIONSt

gy e v S S W S S W S vl S — S S W e S e S e e A et S —— A -

V.l The Calibration For The Orjfjce:

The triangular weir was used because the head over the weir
would be sufficiently large even at small rates of flow which
leasered the percentage error in measuring the head ard consequ-
ently the corresponding percentage error in discharge. uiost
literature recommended Cones' equation for a $0° triangular weir

(refer to Figs. (6 & 7)). Such an equation could be expresssd us
followas

q=0.0147 Ha.%OB, [ ERENNENEN NN ] (13)

in whicht
Ht the water head above the weir sill, cms.,
and Qi the steady discharge over the weir, litres/Sec.

- The calibration curve of the orifice was obtained and shuwn
in Fig. (8). It was uvoticed that the first part of this curve be
a straight line on a logarithmic scale, which in turn be expressed
ud followsas

Q=1.08 WB L (WK2.75 cmee) sees (14)

The above equation was found to be valid only for widths
less than or equal to &.7% cms., The second part was found to
represent g staight line on a linear scale and i1ts equation gsbuld
be expressed ugs follows:

Q= 4.60 W - 6.90 ..y (WD2.75 cmB)esss (13)

The above equation wes velid for widths more than 2.75 cms.
The change in the behaviour of the orifice for widthe less than
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<+75 cms. was probably due to an apprecisble effect of side
contractions in case of small widths.,

V.2 Horjzontal Bottomed Venturi-Flupe:

In order to derive ou expression for the discharge
passing through a horizontel bottomed venturi-flume, the
following enalysis were drawn.

Applying Bernoulli's equation between the section at tha
throat and upstream the venturi flume:
2 2
v Vc 3

i_ _ -
Hl+ 26 —-Hc'l' 28 = 2 Hc seessvenye (16)

As the value of Vl is relstively small, thus the appro-

aching velocity head becomes very amall and can be neglected,
and congequentlys

H, = ~4 H, buts V_ = )’g Hy

&nd Q=b.Hovo

C C
Sots Q - -%' bi Hll ) B ,—g_ Hl
or Q = 0.”? bl ’ 280 H11.50 ooa.coiooao. (1?)

The above expression is vased on an approaching uniform
flow, critical flow conditions at the throat and negligabls
velocity of approach. However, to secure the validation of
such condition and to compensate for the probable losses, &
coefficient of discharge Cd was thus introduced. Equstion
(17) could thus be rewritten in the following fashions

Q = Ot.w? Cdc b 23- H%.Bo P BFRNIRPO RGNS (13)

That compared w th the emperical expreesion obtainsd fron
the experimental results, according to Fig. (9-a)t
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Q = 0,330 b.fzg. H3*2°, cerrrseneses (19)

Which made the coeffiolent of discharge cd’_‘z 0.8527 for
such a venturi flume,

The modular rsnge, which i1s the ratio between the dowastream
head and the upstream head, when it was Jjust affected by the rise
in the downstreasm hesd, i.e.showed its dependence, was obtalned
from Fige (9~b) and found to be equal to 27,00 percent.

¥) 3. Venturi- 8 With V ou verse es1

The various slopes which were made especially for this study
weres 0,000, 0,044, 0,053, 0.062, 0.072, 0.085; 0.100, 0.135, 0.185
and Q,202. PFor each of these slopes, two relationships were esta-
blished. Fig. (a) showed the relationship between the discharge
and the upstream head within the modular range. Wwhile Flg. (b)
showed the relationship between the downstresm and upstresm heads
with the modular range for both free and submerged conditions.
Mg. (10) showed an example for such relationships for the slope
0.085, which waa found later to be the west. For other tried slo-
pes, Figures (11-4) and (11-B) demonstrated some of these relation=-
ships examples,

In order to find the best slope which would give the highest
value of modular range, & relationship between the slops and the
modular range was draewn sod shown in Fig. (12), whioh showed that
the slope 0,085 was the best., Also the relationships betwsen the
slops and the exponent power of the upstream hesd in the disoharye
equation and the slope versus the constant in the discharge eguat-
ion were projected and plotted on the same Mgure (12). 4ll of
these curves can be divided into the sume notified two parts, which
were previously indicated as followa: the first part was for aslopes
{ than 0,085 and the second part was for slopes ranged hetween
0.085 to 0.202.
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Roth the modular range and the constant of the discharge
equation were increased in the first part with the increase of
the slope, while for the second part it decreased as the slope
vas increased. In the mesntime, the power of the upstregm head
decressed with the increase of the slope within the first part,
while it was increased with the increase of the slope within the
second part.

The above description and discussions implied that there
existed two phenomena which were demonstrated over the two ind-
icated parta, To find an explanation for this variation, the
water surfgce profile was studied for all slopes.

First, 1t was found that, for all slopes and considering
each part, mentioned previocusly, no much gppreciable change
was noticeable concerning the shape of the water surface profile
for all slopes. For this reason, two arbitrary water surface
profiles were chosen. The first one concerns a chosen slope of
part I ss shown in Fig. (13). The second one concerned a chosen
slope of part II as shown in Fig. (14). These figures were dem-
onstrating the slopes 0,072 and 0.135 for a discharge of 15
litres per second.

Second, investigating the water surface more closely espe-
cially within the vicinity of the throat after estimating the
critissel depth line (C.D.L.). BSuch plottings are shown in Fig-
ures (15) and (16) for slopes 0.072 and 0.135 respectively, just
for exemple.

Gererally speaking, it was noticed that, for relatively
small adverse slopes (like 0.072), the critical water depth wsas
located just at the beginning toe of the upstreem slope and
continued as a supercritical flow allover the slope and down-
stream the crest and never became suboritical. On the contrary,
for relatively bigger adverse slopes (like 0.135) the approach-
ing suberitical flow converted into a supercritical flow witbin



36

"SIO1aWUED U] SUONISUIWIP [V

umm\mmb__ Gl
.& sbreyssip e o} (yi:)40 Nhoo Jo dojs asioApe
05 07 0E 02 O :

e e J3YTEWS Kj3AEIRS 0§ 3)1j0d 39ELING J3¥EM (£1)B1S
ue)d

J

o

1]

1

i 0

po

t

I
L.

|

\

b 0g=g——+

cnllflal._cli gh——— 09—z —=b— _ala_..ll i p—

‘Mol paea Aipided 7 O 4'A' M
‘MOl eI 3dNS WOy pesea ApnprRid 1 4°A'9 Mol
w0y \ MOl4 [EAILARANS ‘4 A TOORLDINS WO

uoi}oas Ec_UB_m:o._

———— o —— - — T T——— . . d . T —— —— T oy e oy — il

e e e — —

Wwdep @I jo m.nuo.._l_.u.. IR T




& T ‘5as/SaJ}l] G JO 2BseYdSIp B IO}

4 | (€7L4)J0 GELO Jo adols asiarpe sadaals
Bl EZ QY KjpAejes 10} ajij0id adeHNng sayem  (71)Did
e ueld

 I— MJ I T g

5
Bl EilinnEnEn S
' R :
B J
. gty b —et Glo——— 09 o YTt Y —ee——— 05 ——
u Moy b
Te3s) Lusadns xﬁcvgo_.uuun MO} Poplelay e ogns po Moy

wopun—- A = A0 o F A ey KO—sfeE} 13RS wojiun

‘uoi}das  jeuipn}ibuoy

" e i A Wy S S~ W

¥ aSens  sajem —0%

- dwhi Nnesphl

e
-%

- - -

. .Ww.u.. R




Abul~Fetouh, Owals & H.Ahmed 151

the zono upstream the slope experiencing a dip creating a

bydraulic jump over the upstream face of the slope, causing
an existance of subcritical flow zono which was soon drewn
down downstream the slope where the flow becsme supercirit-

ical agaln, accelerating downstream to the outlet in a way
gimilar to the other case.

Woreover, it was noticed that all hydragulic Jjumps which
were formed over the approaching part of all adverse slopes
located on part II of Figs. (l2), (13) and (1l4) although
slight deviation concerning the location of the hydraulic
Jump was noticed. Meanwhile, sall cases of relatively big
slopes ( >'0.085) the hydraulic Jjump was formed in the manner
previously explainodythis besides very slight deviation from
linearity was notioced in the @ versus Hl relationehlp, egpec-
1ally for higher discharges. A probable correction fector

may be introduced here for proper messurement of the approe-
ching flow.

VI. CONCLUSIONS:

Few conclusions could be drawn from the results of ths
present study as follows:

1) The adverge slope adupted to the bottom of the proposed
venturi-flume type modified the originally diverging flow
with the result of reducing tbe energy loss caused by the
formed hydraulic Jump and implemented with the resulted
momentum transfer,

2) For relatively steep adverse slopes, the height of the
hump became relatively big and the effective head became
Blightly greater than that actually measured over the hump.
Vice versa was true when relatively milder adverse slopsa
were used, There were mlways an intermediate slope which
gave the most favourable situation under a wide range of
discharges.
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3) Tne genersl equation of the proposed venturi-flume took
always the following general form,

Q= C.b Yag. &&,

4) For sdverse slopes from zero to 0.085, the value of n
decreased while the value of C was increasing. For
adverse slopes greater tham 0.085, the value of n was
increasing while C was decreasing. However, for all
slopes, the discharge was increasing as‘Hl was lncreased.

4 summgry of values for corresponding values for both
n gnd C are tabulated below.

The Adverse slope The power "n% The constant "C"
Zero 1.50 0.330
0.044 1,33 0.755
0.053 1.26 0,905
0.062 1.19 1.110
0.072 l.12 1.430
0.085 1.00 2,110
0.100 1,08 1.830
0,135 1,20 1,480
0.185 l1.33 1,245
0,202 ' 1,37 1.170

5) The modulsr range, in which the upstresm water depth was
unaffected by the change in the downstreasm depth, increased
a8 the gdverse slope was increased up to a slope of 0,089,
and then decreased for steeper slopes. This is demonstrated
below.
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The Adverse slope The modular Range %
Lero 77.0
0,044 79.0
0.053 80.0
0.062 81.5
0.072 ' 83.0
0,035 86,0
0,100 83.0
0.135 77.0
0.135 71.5
0,202 71.0

6) The best adverse slope, which developed the maximum value
of modular range, was found to be equal to O,085(or 1311,95)
wlth modular range of g6 percent in this rssesrch.
Consaquently, the discharge equation of the proposed venturi-
flume type could be expressed as follows:

Q - 20110 b' ,28. Hl = ko bc H1|
in which k = 2,11 fag , Or
Q =‘K Hl' (K = 2.110 b. ’ 26.).

i.e. - for a known throet width, the discharge "Q" through the
prpposed flume 18 simply linearly proportionsl %o the upstrezm
water depth "Hl" alone, dessipating minimum head loss.

Such anh otuput depends on the general linear proportional
dimensions and so the characteristics of thoe venturiflume aend
according to the conditions outlined in the presented research.
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