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Anand V. Shivapur1, M.ISH Raviraj H. MulangP and H. S. Govardhan Swamy3 

ABSTRACT 

The notch-weir having simple geometric shapes is unable to measure small as 
well as occasional large flows. In such situation compound weirs find application. In 
the present paper authors have reported their study on the use inclined compound 
notch-weir consisting of two triangular sections with different vertex angles. The 
notch plane is placed inclined to the general flow surface in the channel. The general 
discharge equation has been evolved through the semi analytical cum experimental 
procedure. Results show a significant improvement in discharging rate compared to 
normal weir. The lower triangular portion of the notch-weir handles the smaller flow 
whereas the upper part helps to measures the occasional high flows. Further advantages 
of the inclined compound weir in reducing afflux near the structure are also discussed. 

KEY WORDS: Compound notch-weir, Inclined notch-weir, Discharge coefficient, 
Discharge equation. 

INTRODUCTION 

The demand for water is increasing with the time from all facets of life. Hence the 
issue of water measurement is particularly attains importance in the present scenario. 
The sharp-crested notch-weirs (USBR., 1997; Bos, M.G., 1976) are the oldest among 
the measuring devices known to mankind. These devices are usually placed normal to 
the general direction of flow in the channels. Sometimes depending on the purpose 
and the site condition they are also placed as oblique or side weir in view of the 
advantages they have in a particular situation. 

Many researchers have expressed weir discharge coefficient in terms of the fluid 
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and flow properties. But an effort on improving discharge capacity of weirs has attained 
a very little importance. The effort of Lakshamana Rao and J agannadha Rao, 1973 by 
modifying the profile of weir crest is one such example. However results were not 
very encouraging. 

In the present paper authors have proposed to install the compound weir inclined 
to the general flow surface in the channel to improve the discharge capacity. 

LITERATURE REVIEW 

Many investigators have expressed weir discharge coefficient in terms of flow and 
fluid properties. The available literature mainly pertains to normal, side or oblique 
weir. Few of the researchers have attempted to improve the discharge capacity of 
these weirs by modifying their crest profile etc. Therefore there is a need to develop 
notch-weir which is simple in design and fabrication and can measure a reasonably 
large flow rates with accuracy. Not many studies were reported on inclined sharp 
crested notch-weirs. 

An analysis of flow over inclined triangular weir has been reported by Shesha 
Prakash and A.V. Shivapur (2003) expressing discharge coefficient in terms of head 
to crest height ratio for all inclinations studied. The same authors have also reported 
that the discharge capacity of Inclined Inverted V -notch, Inclined Rectangular Weirs 
(2002a, 2002b) improves with the inclination. 

Shesha Prakash and A. V. Shivapur (2004a, 2004b, 2004c) have reported their 
study on inclined rectangular weir, triangular weir and inverted triangular weir (llYN) 
and expressed discharge as a function of weir plane inclination to the general surface 
of flow in the channel. Through the semi theoretical cum experimental approach 
Shivapur, A. V. and Shesha Prakash, M. N. (2006) have reported the general discharge 
equation for inclined trapezoidal notch. Ismail Aydin et al., (2002) have shown that 
small discharge can be measured with accuracy using a slit weir. Martinez, J. et al., 
(2005) have reported the advantages of using compound weirs consisting ofupper 
and lower triangular portion with different vertex angle. Though the literature review 
reveals that the some work has been carried on simple compound notch-weirs which 
are easy to fabricate using unskilled labour, work the inclined compound weir has not 
been attempted yet. 

In the present study it has been shown that there is improvement in discharge with 
the inclination for the compound weir consisting of two triangular portions with 
different vertex angle. An expression for the discharge as a function of weir inclination 
to the general flow surface in the channel has been established. 

COMPOUND WEIR 

In certain case compound sharp crested weirs are used in place of single sharp 
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crested weir (Martinez, J. et al., 2005) to improve the performance. The compound 

weirs chosen in the present study consists of two triangular weir with vertex angles cjl 

and 9 (Fig.l). The lower triangular notch-weir helps in handling the normal range of 

discharges and the upper triangular notch-weir having vertex angle cjl helps is 

discharging occasional high flows efficiently. The major inconvenience of this weir 
in its normal position is that there is a discontinuity in the transition between the two 
parts. The effort of the present work i.e. the study on inclined compound weir is to 
explore the possibility of overcoming the above difficulty. 

II 

1 h 

l 

---------· --------""""""""i-' I 

FIG. 1 WEIR CROSS SECTION 

DESIGN OF WEIR WITH DIFFERENT VERTEX ANGLE 

Figure 2 illustrates the proposed sharp crested compound notch-weir. The cross 
section of the proposed compound weir results from the composition of three triangular 
weir area (see Fig. 2) . 

.------------------------------------, 

1+2-3 

FIG. 2 DEFINITION SKETCH OF COMPOUND NOTCH-WEIR 
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Therefore, the total discharge can be expressed as the sum of discharge through 1 
and 2 minus the discharge through area 3. 

When the head over the crest 'H' is less than the height of lower triangular cut 'h' 
it behaves as a simple triangular notch-weir. On the other hand when the head 'H' is 
more than 'h ', the weir will act as compound weir. 

The discharge for the compound weir placed normal to the flow in a channel can 
be written as 

q, = 1
8
5 FK{tan(% 1 HYz -( H -h)Yz)]+ tan(~ )H- h~} (1) 

DISCHARGE EQUATION FOR INCLINED COMPOUND NOTCH-WEIR 

Let the plane of notch-weir be fixed at an angle 'a' degrees inclined to the plane 
normal to the flow axis as shown in Fig. 3. 

-----..,,..---r-~:..;....-+----~Inclined 

D/S 
H 

FIG. 3 INCLINED NOTCH-WEIR 

The discharge through the compound notch-weir can be considered as the sum of 
discharges through the normal weir and the flow through the orifice formed by the 
horizontal projection of inclined compound notch-weir. 

Therefore, for any length 'dl' considered along the weir plane can be resolved into 
two components viz. one along the general direction of flow in channel, i.e. in x-axis 
and other in vertical direction, i.e. y-axis. 

The discharge through the inclined sharp crested notch-weir can be considered to 
be 

(2) 

where q" =discharge through the vertical projection of inclined compound weir, i.e. x­
axis qY= discharge through the horizontal projection of inclined compound notch­
weir (considering as an orifice), i.e. y-axis. 

The discharge through the vertical projection of the inclined compound notch­
weir, i.e. x-axis is given by 
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(3) 

The discharge through the horizontal projected area of the compound weir (treated 
as sharp-edged orifice) in the vertical direction i.e. y-axis is given by 

q, = 1~ J2g" tan a{ tan(% 1 H7L( H- h)X)]+ tan(~ }H -h~} (4) 

From Eqs. (2), (3), and (4) we get 

q; =qn(l+tana) (5) 

where, q. = 1~J2g"{tan(%l HX -( H -h>X)]+tan( ~ )H -h~} 
where qn is the discharge through the normal compound notch-weir. 

Actualqischarge, qa = Cdq; where Cd is the coefficient of discharge of notch-weir. 

EXPERIMENTATION 

Compound notch-weir was fabricated in 6 mm thick acrylic sheet. The vertex 
angle for the lower triangle 45° and upper triangular portion has a vertex angle of 9()0. 

The height of the lower triangular weir is 80 mm. The downstream edge of compound 
notch-weir is chamfered to 45° with 1 mm cr~st thickness. Figure 4 shows the 
experimental set up for the inclined compound weir. 

II 
Gauge ~~~~ona 

I 

Longitudinal Section 

··~->w Outlet 
Dive ion 
channd 
to oump To Sump 

Alldimcmionsa"' inmm 

FIG. 4 EXPERIMENTAL SETUP 
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The experiments were carried on compound notch-weirs in its normal, 15°, 30°, 
45 °, and 60° inclinations with the general surface of flow in the channel. The volumetric 
method of discharge measurement is used for better accuracy instead of using calibrated 
notch-weir as followed by many researchers. To minimize the human error, time 
required for 100 mm, 200 mm, 300 mm and 400 mm rise of water level in collecting 
tank was recorded and average was calculated. 

ANALYSIS, RESULTS AND DISCUSSION 

The variation of actual discharge with head for various inclinations of compound 
notch-weir as obtained through the experiments is as shown in Fig. 5. It shows that as 
the inclination increases, discharge rate increases for the same head. It is observed 
that as the inclination increases, the lower nappe length decreases. This property may 
probably influence the notch to improve the discharge capacity. The additional weight 
of water on the inclined weirs draws the suspended silt and hence reduces silt 
accumulation on upstream of the weir. It can also be observed from Fig. 5 (head Vs. 
discharge curve) that the kink formed corresponding to lower triangular weir and 
upper triangular weir portion gets eliminated with 30° inclination for the compound 
weir. 

The average discharge coefficient for the lower triangular notch-weir and compound 
notch-weir in its normal position of the weir are 0.63 and 0.60 respectively. Using the 
Eq. 5 the discharge values were estimated corresponding to the measured heads for 
all the inclinations studied. One such graph for 30° inclination is shown in Fig. 6. It 
can be seen that the measured discharge values deviates from the estimated values of 
discharges. This necessitates the introduction of new parameter 'P' as a function of 
weir plane inclination 'a' in the Eq. 5 as shown below. 

(6) 

By regression an expression for ~ is obtained as a function of a (in radians) for 

all the inclinations studied as 

f3 = 1.3072 a 0
.
6693 (7) 

The Fig. 7 shows a variation of ~ with a . The regression coefficient obtained is 

0.988. 

Then discharge values are estimated for various heads for all the inclinations using 
Eq. 7 in Eq. 6. The estimated discharge values are plotted against actual discharge 
values (Fig. 8). The percentage error in estimating discharge is found to be within ±1 0% 
when compared with actual discharges values. The percentage increase in discharge 
capacity of compound notch-weir with the inclination are shown in Table-1. 
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TABLE-I 

PERCENTAGE INCREASE IN DISCHARGE 
WITH RESPECT TO NORMAL WEIR 

Inclination with the normal (vertical) a=l5° a=300 a=45° 

Percentage increase in discharge with 14.29 48.96 111.24 
respect to its corresponding value at 
normal position 

CONCLUSIONS 

(95) 

a=60° 

233.60 

Conclusions derived from the semi theoretical cum experimental approach are as 
follows: 

1 A compound sharp crested weir composed of two triangular portions with different 
vertex angles helps us in measuring wide range of flows. The lower triangular 
notch-weir having smaller vertex angle measures discharge more accurately while 
the compound notch-weir helps in measuring the occasional large flows. 

2 The equation derived through semi theoretical cum experimental procedure can 
estimate discharge within ± 10 error. 

3 The discharge capacity of such an inclined notch-weir is much higher (233.60 % 
for 6QO inclination) when compared to normal weir for the same head and is evident 
from Fig. 5 and Table 1. 

4 The major hurdle in the measurement of discharge in compound notch-weir at the 
junction between the two weir sections is eliminated as the kink formed in the Fig. 
5 disappears at 300 inclination of the notch-weir. 

5 Since the flow area for compound notch-weir is larger for the same head relative 
to the conventional normal weir, the afflux on upstream of the weir gets reduced. 

6 As the discharge capacity increases with the inclination, the free board requirement 
for the channel reduces thereby sections can be designed economically. 

7 The property of increase in discharge of compound notch-weir can be best used to 
discharge fluid more quickly without increasing afflux on upstream side in the 
existing channels. 

8 The compound notch-weir can help in drawing suspended silt and reduce silting 
on upstream of notch-weir position when compared to the normal notch-weir 
especially in unlined channels. 
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