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In this study, the effect of the downstream expansion region of a flow measurement flume of rectangular
compound cross section on some of the flow properties; such as the discharge coefficient, Cd, the
approach velocity coefficient, Cv and the modular limit, ML were investigated. For this reason, extensive
laboratory tests were conducted with nine models of different downstream transitions. The aforemen-
tioned hydraulic quantities were then related with the relevant parameters to obtain sets of curves from
which one could decide which kind of downstream transition type would produce the highest modular
limit. It was found that model type A yielded the highest modular limit with a downstream slope of
about 1/7.

& 2013 Elsevier Ltd. All rights reserved.
1. Introduction

The need for measuring the discharge in streams and rivers
arises from the value of water for different uses in the community.
By time, the availability of water becomes increasingly important
to mankind. Knowledge of the quantity available is the first stage
in the efficient management of this vital resource [1–3].

Many studies related to the different types of flow measuring
structures of open channels have been done by various investiga-
tors [4–12]. In all these studies theoretical analysis were followed
by experimental investigations to obtain relations between the
relevant quantities.

The head–discharge relations for flows over broad-crested
weirs and sharp-crested weirs with a simple cross-section shape,
such as truncated triangular, triangular, rectangular, trapezoidal,
and others have been studied by many researchers [13–19]. Some
useful empirical discharge equations for these weirs have been
proposed. In hydraulic engineering, a compound cross-sectional
weir composed of triangular and/or rectangular cross section is
also a common device for flow control in mountainous gullies and
canals [20,21]. Regarding construction, the compound weir could
be used to measure the flow discharge providing that the dis-
charge equation of the weir is available [18].
ll rights reserved.

@yahoo.com (I.A. Al-Khatib).
Long-throated flumes provide flexible and economical flow mea-
surement capabilities for a wide variety of open-channel flows. Main
advantages include low construction cost, minimal head loss, ability to
measure wide ranges of flows with custom-designed structures and
adaptability to a variety of channel types section [22,23].

Long-throated flumes of rectangular compound cross sections have
a main channel at the bottom of the flume that is narrower than the
width of the upper cross section (Fig. 1), where B is the bottom width
of the approach channel, b the bottomwidth of the control section, B0
the top width of head measurement section, g the acceleration of
gravity, H the total energy head, h1 the gauged head at upstream head
measurement section, H1 the total energy head at upstream head
measurement section, Lap the length of the approach channel, Lct the
length of the converging transition, Ldt the length of the diverging
transition, Lent the length of the entrance channel, Lthr the length of the
throat in the direction of flow and Q the volumetric rate of flow. This
results in the pass of sediment carried by the flows and for producing
a readable and stable water surface at the gauging station.

The head–discharge equations for long throated flumes are
simply obtained by applying the energy equation between the
head measurement section and the control section. A number of
assumptions are made for the sake of simplicity, and therefore,
must be adjusted for real fluids by introducing a coefficient.
Regardless of the throat cross section, the equation has the form

Q ¼ CdKH
u
1 ð1Þ

where Q is the volumetric flow rate; K the coefficient depending
on the size and shape of the weir; and u the dimensionless
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Nomenclature

An imaginary wetted area at control section if water
depth were equal to h1

Ac cross-sectional area at control section.
A1 cross-sectional area of flow at head measurement

section.
A-Si type A models tested with various downstream slopes.

The subscript i denotes the downstream slopes (ver-
tical: horizontal) of type A models as i¼1/0, 1/1, 1/3, 1/
5, and 1/7

B bottom width of the approach channel
b bottom width of the control section
Bc top width at the control section
B0 top width of head measurement section
B-Sj type B models tested with various downstream slopes.

The subscript j denotes the downstream slopes (ver-
tical: horizontal) of type B models as j¼1/1, 1/3, 1/5,
and 1/7

Cd discharge coefficient
Cv approach velocity coefficient
g acceleration of gravity
H total energy head
h gauged head
H1 total energy head at upstream head measurement

section
H2 downstream sill-referenced energy head is the avail-

able head loss over the structure
H1(101) total energy head at upstream head measurement

section corresponding to modular limit
H1(100) total energy head at the head measurement section

for the free-flow case

H2 total energy head at downstream head measurement
section

h1 head at upstream head measurement section
h1(101) head at upstream head measurement section corre-

sponding to modular limit
h2 measured head at downstream head measurement

section
K coefficient depending on the size and shape of

the weir
Lap length of the approach channel
Lct length of the converging transition
Ldt length of the diverging transition
Lent length of the entrance channel
Lthr length of the throat in the direction of flow
ML modular limit
Q volumetric rate of flow
Qpred predicted volumetric rate of flow
Qmea measured discharge
ΔQ absolute value of the difference between the mea-

sured discharge, Qmea and Qpred

Q(100) discharge corresponding to H1(100)

Q(101) volumetric rate of flow corresponding to
modular limit

u dimensionless number depending on the shape of the
cross section of the control section

V average flow velocity
yc critical water depth at control section
Z step height
α energy correction coefficient for the head measure-

ment section
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number depending on the shape of the cross section of the control
section, which is equal to 3/2 for rectangular cross sections [24]
and Cd the discharge coefficient and is introduced to correct for a
number of assumptions; for example, absence of energy losses
between the control and head measurement section, uniform
velocity distribution in these two sections, and straight parallel
streamlines across the flume sections considered. It is a coefficient
mainly governed by H1/Lthr.

In open channel flows, it is seldom practical to measure the
total energy head, H1, directly. It is a common practice to relate the
flow rate to the upstream sill referenced head, h1, in the following
form [25–27]:

Q ¼ CdCvKh
3=2
1 ð2Þ

where Cv is the approach velocity coefficient, which corrects for
neglecting the velocity head at the measurement section.

The purpose of this study is to investigate the effect of the
downstream transition region of a flow measurement flume of
rectangular compound cross section on the discharge coefficient,
approach velocity coefficient, and modular limit, and eventually to
determine the optimum downstream slope which will yield the
maximum modular limit.
Fig. 1. Definition sketch of flow measurement flume of compound cross section
used in the theoretical analysis (_____ Model A, ———— Model B).
2. Present study

2.1. Discharge coefficient, Cd

From Fig. 1, assuming that energy losses between the head
measurement section and the control section are negligible,
velocity distributions are uniform, and all streamlines are straight
and parallel to each other; applying the energy and continuity
equations, and considering the flow through the control section is
critical, one can derive the general equation of the critical flow as



Fig. 2. Two different flow cases through flume section: (a) Case 1 and (b) Case 2.
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given below

Q ¼ gA3
c

Bc

" #1=2

ð3Þ

where Ac and yc are the cross-sectional area and critical flow depth
at the control section, respectively; Bc the top width at the control
section. For flumes of rectangular compound cross section, there
are two different cases to be analyzed, at the control section, as
shown in Fig. 2.

Case 1. (h1≤Z, ycoZ, B0¼b)

For Case 1, flow occurs only through the lower part of the
compound cross section. For this case, the equation of discharge
can be obtained as [25–28]

Q ¼ 2
3
b

2
3
g

� �1=2

H3=2
1 ð4Þ

Case 2. (h14Z, yc4Z)

In this case, flow occurs through the compound cross section,
so that the depth at the control section, i.e., the critical depth, is
greater than Z. The area of the flow at the control section is

Ac ¼ bZ þ yc−Z
� �

B0 ð5Þ
where B0¼top width of the head measurement section.

Applying the energy and continuity equations as in the pre-
vious case and rewriting Eq. (3) gives [25–27]

Q ¼ g
B0

� �1=2

bZ þ B0
2
3
H1−

bZ
3B0

−
2Z
3

� �� �3=2
ð6Þ

Eqs. (4) and (6) are based on a number of idealized assumptions,
such as uniform velocity distribution at the head measurement
and the control sections, straight and parallel streamlines at both
sections and the absence of energy losses between the head
measurement and control sections. In reality, these assumptions
are not entirely true and accounted for by the introduction of the
discharge coefficient, Cd. Moreover, in an open channel flow it is
not practical to measure the energy head H1 directly. It is a
common practice to relate the flow rate to the upstream sill-
referenced water level, h1, by introduction of the approach velocity
coefficient, Cv, which corrects for neglecting the velocity head in
the head measurement section. Then, the equations of discharge
take the final forms

Q ¼ 2
3
CdCvb

2
3
g

� �1=2

h3=21 ð7Þ

and

Q ¼ CdCv
g
B0

� �1=2

bZ þ B0
2
3
h1−

bZ
3B0

−
2Z
3

� �� �3=2
ð8Þ

In the literature the value of the discharge coefficient, Cd, is in
general related to the dimensionless ratio H1/Lthr where Lthr is the
throat length. The effect of energy losses due to friction between
the head measurement and control sections on Cd becomes
evident in the form of decreasing discharge coefficient as H1/Lthr
decreases [8,28]. When the sill-referenced head is small with
respect to the crest length, the thin layer of water above the sill
is very close to the rough boundary, and as a result, energy loss
due to friction is a relatively large part of H1. In addition to that, for
smaller H1/Lthr, the effect of curvature on the discharge coefficient
is stronger. The values of the discharge coefficient, Cd, can be
computed from Eqs. (9) and (10) for the experiments of Cases
1 and 2, respectively

Cd ¼
3
2

Q

bðð2=3ÞgÞ1=2H3=2
1

ð9Þ

Cd ¼
Q ðB 0=gÞ1=2

½bZ þ B0ðð2=3ÞH1−ðbZ=3B0Þ−ð2Z=3ÞÞ�3=2
ð10Þ
2.2. Approach velocity coefficient, Cv

The values of Cv are determined from Eq. (11) for yc≤Z and Eq.
(12) for yc4Z

Cv ¼
H1

h1

� �3=2

ð11Þ

Cv ¼
bZ þ B0

2
3H1− bZ

3B0
− 2Z

3

� 	
bZ þ B0

2
3h1−

bZ
3B0

− 2Z
3

� 	
2
4

3
5
3=2

ð12Þ

Because the discharge is mainly determined by the wetted area
at the control section and the related velocity of approach at the
head measurement section, it was convenient to correlate Cv toffiffiffi
α

p
Cd An/A1. Here An is imaginary wetted area at the control section

if the depth of water were equal to h1; A1 the cross-sectional area
of the flow at the head measurement section; and α the energy
correction coefficient for the head measurement section, which is
taken as 1.04 [15,28,29]. In the above mentioned relationship of Cv,
Bos take the value of α as 1.0 [15]. Determination of A1 and An for
the models investigated, Eqs. (13) and (14) were used for h1≤Z and
for h14Z, respectively, in two distinct cases

An ¼ bh1 and A1 ¼ Bh1 ð13Þ
and

An ¼ bZ þ B0ðh1−ZÞ and A1 ¼ BZ þ B0ðh1−ZÞ ð14Þ
2.3. Modular limit

The difference between the upstream sill-referenced energy
head H1 and the downstream sill-referenced energy head H2 is the
available head loss over the structure and the ratio H2/H1, is
defined as the submergence ratio of the structure. For low
submergence ratios, critical flow occurs on the weir crest and
tailwater conditions have no effect on the upstream head and thus
on the discharge, so the flow is called modular. At very high
submergence ratios, critical flow no longer exists on the weir crest,
so the upstream sill-referenced head is influenced by the tailwater
level and the flow is called nonmodular or submerged. The
limiting submergence ratio between modular and nonmodular
flows is named the modular limit (ML). It is defined as the
submergence ratio value, H2/H1, such that real discharge through
the weir deviates by 1% from the discharge calculated by the head–
discharge equation [28]. While designing a flume in the modular
range, ML should be known.
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The general relationship between Q and H1 for any kind of weir
or flume in the modular flow range is

Q ð100Þ ¼ KH3=2
1ð100Þ ð15Þ

where Q(100) discharge corresponding to H1(100)which is the total
energy head at the head measurement section for the free-
flow case.

For nonmodular flow, Q(101) and H1(101) are introduced, where
Q(101) discharge deviating 1% from the actually measured discharge
and H1(101) corresponding total head at the head measurement
section. Then for yc≤Z Eq. (16), which reduces to Eq. (17), and for
yc4Z Eq. (18), which reduces to Eq. (19), are obtained

Q ð101Þ
Q ð100Þ

¼ 1:01¼
2=3Cdbðð2=3ÞgÞ1=2H3=2

1ð101Þ

2=3Cdbðð2=3ÞgÞ1=2H3=2
1ð100Þ

ð16Þ

H1ð101Þ ¼ 1:0067H1ð100Þ ð17Þ

Q ð101Þ
Q ð100Þ

¼ 1:01¼ ðg=B0Þ1=2½bZ þ B0ð2=3H1ð101Þ−ðbZ=3B0Þ−ð2Z=3ÞÞ�3=2
ðg=B0Þ1=2½bZ þ B0ð2=3H1ð100Þ−ðbZ=3B0Þ−ð2Z=3ÞÞ�3=2

ð18Þ

H1ð101Þ ¼ 0:006656
bZ
B0

−0:006656þ 1:006656H1ð100Þ ð19Þ

The head at the head measurement section then becomes equal
to h1ð101Þ and is defined as

h1ð101Þ ¼H1ð101Þ−
V2
1

2g
ð20Þ

where V1 is the average flow velocity at the upstream head
measurement section.
3. Experimental setup and experiments

The purpose of this experimental study was to analyze the
effect of the type of downstream expansion in a compound
rectangular flow measurement flume on the values of Cd, Cv and
ML. For this reason a flume of fixed dimensions with nine different
downstream transitions were manufactured and assembled to the
flume in a row. Totally nine types of flumes with various down-
stream transitions were tested in the course of this study.

All series of experiments, totally 148 runs were performed in a
glass walled laboratory flume 11.0 m long, 0.287 m wide and 0.70 m
deep in the Hydromechanics Laboratory of the Middle East Technical
University, Ankara, Turkey. The models of which plan view and
longitudinal profile are shown in Fig. 1 were manufactured from
plexiglass and placed to the almost mid-length of the main channel
system. The desired downstream transitions were prepared from steel
plates and concrete, and then assembled to the flume. Table 1 shows
geometrical properties of the models tested as well as the number of
Table 1
Dimensions of the nine different models used in the experiments.

Model
type

The number of
tests

The range of h1 (cm) The range of Q (l/s) b
(cm)

A-S1/0 16 3.81–20.28 1.70–44.33 15.8
A-S1/1 15 4.83–18.67 2.57–40.97 15.8
A-S1/3 15 6.29–19.67 4.03–40.76 15.8
A-S1/5 17 4.87–20.51 2.45–43.78 15.8
A-S1/7 16 3.97–20.50 1.52–42.95 15.8
B-S1/1 18 3.43–17.89 1.43–43.24 15.8
B-S1/3 18 3.57–19.27 1.56–43.24 15.8
B-S1/5 17 3.73–19.87 1.71–43.38 15.8
B-S1/7 16 3.71–20.27 1.57–42.88 15.8
tests conducted with each model and the ranges of the flow depths at
themeasurement section and the corresponding discharge ranges. The
diversion transition connects the throat to the tailwater channel. The
elevation difference between the bottoms of the throat and tailwater
channel is eliminated by this transition zone with a height of
“a¼4 cm”. It has variable bottom and side slopes. For model A, the
throat was elongated at a required length to have a same slope with
the side walls of the throat (Fig. 1). For model B, the throat was not
elongated. The end section of the throat and the rectangular com-
pound cross section of step height Z fell on the same vertical plane so
that the bottom transition of the throat and its side walls did not have
the same slope (Fig. 1). The throat is the control section which is the
part of the weir with a rectangular compound cross section over
which critical flow occurs. The plan view and the longitudinal profile
of the model types tested are shown in Fig. 1. The dimensions of the
various models used in the experiments are given in Table 1. The
symbols used in the description of the model types, A-Si and B-Sj (i¼1/
0, 1/1, 1/3, 1/5, 1/7 and j¼1/1, 1/3, 1/5, 1/7), correspond to type A and
type B models, respectively. The subscripts i and j denote the down-
stream slopes (vertical:horizontal) of the same models, respectively.

The approach channel is the part of the main channel which is
followed by the converging transition of the flume. The depth of the
flow is measured at the head measurement section which is the mid-
section of this channel. The tailwater channel is the energy dissipater
part where the flow becomes subcritical from supercritical. In the
experiments, a range of discharges provided from the constant-head
storage tank for a selected model type was measured with a
rectangular sharp-crested weir, 26 cmwide and 29 cm high, mounted
in the inlet box of the laboratory flume. Two point gauges of 0.01 cm
accuracy were installed along the centerline of the model for head
measurements. The first was fixed to the mid-section of the approach
channel to measure the upstream head, h1. The second gauge was
placed downstream of the model in order to measure the downstream
sill-referenced head, h2, when the tailwater depth was forced to
increase during the determination of ML. Depth of the flow above
the crest level at approach channel was measured when the tailgate of
the flume was fully open (free flow measurements). For the same
discharge, the point gauge was set to the value h1(101), which is the
flow depth corresponding to a 1% increase in free discharge and
obtained from the rating curve of the model. The tailgate of the flume
was then raised gradually until the water surface at the measurement
section touched the point gauge. At that moment, the depth of the
flow in the tailwater channel above the crest elevation was measured
and the corresponding H2 and ML were calculated.
4. Presentation and discussion of results

4.1. Discharge coefficient, Cd

It is obvious that the type of the downstream expansion of the
long throated flumes influence the streamline curvature of the
B
(cm)

Z
(cm)

B0

(cm)
β
(deg)

θ
(deg)

Lap
(cm)

Lct
(cm)

Lthr
(cm)

Ld
(cm)

19.5 10 28.7 166 173 60 16 12 0
19.5 10 28.7 166 173 60 16 22 14
19.5 10 28.7 166 173 60 16 42 42
19.5 10 28.7 166 173 60 16 62 70
19.5 10 28.7 166 173 60 16 82 98
19.5 10 28.7 166 173 60 16 12 14
19.5 10 28.7 166 173 60 16 12 42
19.5 10 28.7 166 173 60 16 12 70
19.5 10 28.7 166 173 60 16 12 98
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flow in the control section. Therefore, the effect of the down-
stream expansion of the long throated flumes on discharge
coefficient should be analyzed.

For practical purposes, it is better to relate Cd to h1/Lthr. The
reason for that is not to know the value of the approach flow
velocity for a flow measurement structure, of which the discharge
is to be found from the measured value of h1.

In order to see the effect of the downstream expansion on the
values of the discharge coefficient, Cd, the Cd vs h1/Lthr values are
plotted for type A and B models in Figs. 3 and 4, respectively.

In Fig. 3, since the throat length of each type of A model was
different, model A-S1/7 had the largest throat length (Table 1), and
the Cd values of some of the model types did not have a wide range
of h1/Lthr. Some of the data points in this figure are highly
scattered, which corresponds to flow conditions at which the
measured depth, h1, was close to step height, Z.

The situation is a little bit different in Fig. 4 because of the
constant throat length, the range of h1/Lthr for a given model type
Fig. 4. Variation of the discharge coefficient, Cd, with the approach head to throat
length ratio, h1/Lthr, for type B models tested.

Fig. 3. Variation of the discharge coefficient, Cd, with the approach head to throat
length ratio, h1/Lthr, for type A models tested.
is quit wide. From the analysis of Figs. 3 and 4, it is clearly seen
that type A models give higher Cd than type B models for the range
of h1/Lthr in between 0.45 and 0.85. It can also be seenthat, for the
same h1/Lthr of type B models, as the downstream expansion slope
decreases, the discharge coefficient values decrease.

4.2. Approach velocity coefficient, Cv

As mentioned previously, the coefficient Cv is usually expressed
as a function of the ratio

ffiffiffi
∝

p
CdA

n=A1. In this study, as done by Bos
[15], the parameter α used in the expression of

ffiffiffi
∝

p
CdA

n=A1 was
removed. The available Cv data of type A and B models are plotted
as a function of CdA

n=A1 in Figs. 5 and 6. In both figures, all the
data points, except a few corresponding to the flow cases of depths
around the step height, Z, of the approach channel, fall on a single
curve. Therefore, regardless of the type of downstream transition,
the flow measurement channels of the compound rectangular
cross section yield the same Cv versus CdA

n=A1 curve.
Fig. 5. Variation of Cv versus CdA
n=A1 . for A type models.

Fig. 6. Variation of Cv vsersus CdA
n=A1. for the type B models and the type A-S1/0

tested.

https://www.researchgate.net/publication/4800106_The_use_of_long-throated_flumes_to_measure_flows_in_irrigation_and_drainage_canals?el=1_x_8&enrichId=rgreq-767fbc607a242bc2f7699f78b6318237-XXX&enrichSource=Y292ZXJQYWdlOzI4MDYzOTQ3MTtBUzoyNzEwMDI3MDE2NjAxNjFAMTQ0MTYyMzQ4NzQ3MQ==


M. Gogus et al. / Flow Measurement and Instrumentation 33 (2013) 88–95 93
4.3. Modular limit

Referring to the dimensional analysis applied to similar type of
problem, Hatipoglu [30] showed that ML is related to Froude
number of the flow, Fr1, at the depth measurement section.
Figs. 7 and 8 show the variation of ML with Fr1 for models A-Si
and B-Si, respectively. As a general trend, in both types of models
for a given Fr1, the modular limit increases and attains its
maximum value as the downstream transition slope of the model
decreases.

In Fig. 7, it is clearly seen that as the downstream transition
slope of the model decreases, the values of the ML of the models
get closer to each other and attain maximum values for a given Fr1.
The trend of the data points of models A-S1/5 and A-S1/7 reveals
that may be further decrease to be applied to the downstream
transition slope will not change ML values too much. The ML
values of A-S1/7 are very slightly greater than those of A-S1/5 for
almost the whole range of Fr1 tested. It can be predicted that a
model type A with a downstream transition slope of 1/6 will also
have ML values in between those of models A-S1/5 and A-S1/7.
Therefore in the case of selecting model type A for application in
practice, due to the economical reasons the downstream transition
Fig. 7. ML versus Fr1 for A type models.

Fig. 8. ML versus Fr1 for the type B models and the type A-S1/0 tested.
slope of 1/6 can be recommended. This slope is the same as the
one proposed by Bos and Reinink [31] for long throated flumes of
rectangular cross section. The highest value of the ML obtained
among models A-Si (A-S1/5) is about 0.95.

However, Fig. 8 shows that ML values of B-S1/5 and B-S1/7 for a
given Fr1 are not so much close to each other. The model type of
B-S1/7 gives the highest value of ML as 0.95 among the other types
of model B.

In order to make a comparison between models A and B of the
same downstream transition slopes Figs. 9–12 were plotted. From
the examination of these figures it can be seen that, except Fig. 12,
models A-Si always give higher ML values for the whole range of
Fr1, tested. In Fig. 12 for Fr1 greater than about 0.60 data points of
both models almost coincide with the highest values of ML as 0.92
and 0.95 for models A and B, respectively. However in the same
figure model B gives smaller ML values than those of model A for
Fr1 less than 0.60 since in Fig. 12, in general, model A-S1/7 can be
recommended against model B-S1/7 in practical application. But as
it has been stated before, the model A-S1/6 will yield almost the
same trend for the variation of ML with Fr1. Therefore, also
Fig. 9. ML versus Fr1 for models A-S1/1 and B-S1/1.

Fig. 10. ML versus Fr1 for models A-S1/3 and B-S1/3.
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Fig. 11. ML versus Fr1 for models A-S1/5 and B-S1/5.

Fig. 12. ML versus Fr1 for models A-S1/7 and B-S1/7.

Table 2
Experimental data for model A-S1/7.

Q (m3/s) h1 (m) H1 (m) Cd (dimensionless) h1/Lthr (dimensionless) Cv (dimens

0.0015 0.039 0.042 0.663 0.048 1.075
0.0043 0.068 0.073 0.805 0.083 1.121
0.0064 0.080 0.089 0.902 0.098 1.166
0.0084 0.099 0.109 0.870 0.121 1.150
0.0105 0.116 0.126 0.875 0.142 1.128
0.0133 0.130 0.141 0.927 0.158 1.134
0.0158 0.136 0.150 0.942 0.166 1.242
0.0184 0.144 0.161 0.958 0.175 1.266
0.0207 0.151 0.170 0.959 0.184 1.276
0.0239 0.162 0.183 0.954 0.198 1.281
0.0269 0.171 0.194 0.952 0.209 1.287
0.0298 0.178 0.203 0.964 0.217 1.306
0.0333 0.186 0.215 0.969 0.227 1.320
0.0363 0.192 0.224 0.982 0.234 1.345
0.0397 0.201 0.235 0.977 0.245 1.344
0.0430 0.205 0.244 0.995 0.250 1.378

Note: b¼0.158 m; B¼0.195 m; Z¼0.10 m; B0¼0.287 m and Lthr¼0.82 m.
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considering the economical aspect of the construction of the
structure, the model type A with a downstream transition slope
of 1/6 instead of 1/7 can be recommended for application in
practice.

As an example to see the results of experiments carried out
throughout this study, the related data of model A-S1/7 is pre-
sented Table 2.

5. Discharge estimation

Using the head–discharge relationship (Eqs. (7) and (8)) for a
given head, h1, at the depth measurement section, the discharge
can be estimated if the values of Cd and Cv are known. The Cd and
Cv values can be obtained from Figs. 3 to 6 depending on the
downstream transition slope. After calculating Cd and Cv values,
the predicted discharge, Qpred and the overall error in the predic-
tion of discharge can be estimated from the division of ΔQ, which
is the absolute value of the difference between the measured
discharge, Qmea and Qpred to Qmea.
6. Conclusions

In this study, a series of laboratory experiments were con-
ducted to investigate the effect of the downstream expansion of
flow measuring flumes of rectangular cross section on Cd and Cv.
The variation of Cd and Cv with various dimensionless quantities
was analyzed, and general equations relating Cd and Cv to these
quantities have been derived. From the analysis of these experi-
mental results, the following conclusions can be drawn:
(1)
ionl
For practical purposes, it is better to relate Cd to h1/Lthr and Cv
to CdA

n=A1.

(2)
 In type A models, Cd do not have a wide range of h1/Lthr, while

h1/Lthr for a given model type B is quit wide.

(3)
 Type A models give higher Cd values than type B models for a

range of h1/Lthr between 0.45 and 0.85.

(4)
 Flow measurement channels of compound rectangular cross

sections regardless of the type of downstream transition yield
the same Cv versus CdA

n=A1 curve.

(5)
 The value of ML increases as the slope of the downstream

transition of the models A-Si and B-Si decreases.

(6)
 The model A-S1/7 yields the maximum ML among the models

tested. This model or based on the ML data obtained in this
ess) CdA
n=A1 (dimensionless) ML (dimensionless) Fr1 (dimensionless)

0.538 0.715 0.315
0.652 0.708 0.398
0.731 0.725 0.464
0.705 0.841 0.441
0.741 0.842 0.480
0.805 0.800 0.482
0.825 0.856 0.522
0.847 0.922 0.549
0.855 0.915 0.561
0.859 0.912 0.569
0.864 0.927 0.576
0.878 0.913 0.596
0.886 0.902 0.611
0.903 0.922 0.633
0.902 0.929 0.635
0.921 0.928 0.664
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study, the model A-S1/6 can be recommended for application in
practice when considering the economical aspect of the
construction of the structure.
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