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Water measuring structures/devices generally used in Pakistan are subject
to the availability of standard tables, graphs, or charts. These tables and charts are
developed for some standard measuring structures. Alteration in the standard
dimensions during construction of the structure may introduce considerable error
in estimating the available discharge. A study was conducted for calibrating the
locally constructed devices and for comparing their coefficients of calibration with
the standard. The study revealed that the value of calibration coefficient differed
significanily from their standard value, emphasizing thereby the need for calibrat-
ing the measuring devices before use under local field conditions.

INTRODUCTION

An essential aspect of water resources
management is the measuring of flow rates in
open channels so as to determine the amount
received from a source, to control the amounts
distributed to various uscrs in conformity with
tegai requirements or water supply contracts,
and toapply water to the crops according to their
consumptive use requirements ensuring maxi-
mum water use efficiency. The discharge of
water flowing through most of the devices is
estimated from depth-discharge rating curves
developed by calibrating the given device in the
laboratory. Alteration in the standard dimen-
sions during construction and/or operation may
cause considerable error in estimating the avail-
able discharge. The head-discharge relation-
ships may not be compietely developed and
related by the theory for many flumes and weirs.
This study was undertaken to calibrate the broad
crest weir, parshall flume and cutthroat flume
having equal throat width of 30.28 cm for the
best fit under local conditions.
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MATERJIAL AND METHODS

Data for this study were collected from
the hydraulic laboratory of the Agricultural
Engineering Workshop, University of Agricul-
ture, Faisalabad. A rectangular test channel,
100 cm wide, 60 ¢cm deep and 15 m long, with
a flat gradient was counstructed in brick ma-
sonry. The water was supplied from a sump
located at the upstream of the channel. A weigh-
ing tank was installed at the end of the channel
to measure different rate of flow passing through
the measuring device. The tank was 1.83 min
length 0.91 m in width and had a capacity of
1000 gallons. A circulatory pipe systemwas also
installed on the side of the channel to convey the
flow back to the sump. The depth of flow and
discharge rate were recorded over the flow
range of each device. The head readings were
recorded from the stitling wells at the inlet and
outlet sections of the devices when the flow was
in steady state condition.



RESULTS AND DISCUSSION

If circumstances allow it is always pref-

crabie to install a flow measuring device under
free flow conditions. The obvious advantage is
that only upstream flow depth needs to be
measured to determine the discharge.
a Free flow operation of cutthroat flume:
Under free flow conditions, the discharge Q,
through a cutthroat flume depends only upon
the upstream depth of flow. The general rela-
tionship for cutthroat flume is given by:

Q=Ch

Analysis of the free flow data collecied
for cutthroat flumes yields the value of ¢ and n,
as 3.851 and 1.690 respectively when the h
value would be incm and Qin Hsec, The results
are not identical with the values given by
Skogerboe and Hyatt (1967). The variability is
due to the changes in the operating conditions.
It clearty indicates that the cutthroat flume must
be calibrated before use under local conditions.
The rating curve is shown in Fig. 2a. Head-
discharge of different devices is given in
Table 1.

Table 1. Head-discharge of different devices

Discharge (1/s)
Head
{(cm) Cutthroat Parshall Broad-crested
flume flume

Case-1 Case-11
4 3.60 431 348 534
12 23.06 2759 2868 27173
20 54,68 65.42 76.49 59.66
28 96.55 11553 14593 98.82
36 14765 17667 23643 144.07
44 207.26 24799 34756 194.67
52 27487 32889 47900 250.11
60 350.07 41887 63046 30999
68 432.53 517.54 80172 374.02
76 52198 62456 992.59 441.92
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b. Parshal! flume: For free flow condition,
the general form of the equation for the flume is:

Q=Ch}

The values of ¢ and n for Parshall flume
were found tobe 0 414 and 1.69 respectively for
a throat width of 30.48 cm. The equation thus
becomes:

Q=041410'*
inwhichh and Qare incmand 1/s respectively.

This equation is not identical to the equation
reported by Bos (1989) because of the fact that

‘conditions of flow were not identical with the

original calibrating conditions, The rating curve
for Parshall flume is shown in Fig. 2b.

. Broad-crested weir: The general form
of discharge equation for broad-crested weir is:

2 2

Q=CC—|— gbh*
3\ 3

which can be written as

Q=ch'
Where,
2 2
C=C,C — | — gb=constant
3 3
n=135

Inequation2, h and Qare knownand the
parameter to be estimated is only ¢ and n. For
BCW two cases were considered i.e. assuming
n as unknown and n equai to 1.5. In the case of
unknown n, the values of ¢ and n were found 1o
be 0.243 and 1.923 respectively with coefficient
of determinant equal to 0.9, In this casc the
equation gives good agreement with the ob-
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Figure 1. Free flow calibration curves for tested devices

of determinant equal 1o 0.9, In this case the
equation gives good agreement with the ob-
served value as shown in Fig. 2. But in case
whennwastakenequal to 1.5, the value of ¢ was
found to be 0.667 with coefficient of determi-
nant equal to 0.60. The predicted value of
discharge did not show good agreement with
that of the observed as in case of unknown n
(Fig. 2d). This is so because field conditions
cannot be simulated by theoretical equation,
thus a calibration chart for any flow measuring
device should be established.
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