book

Figure 5. Principle of head losses determination (Orifice position is at 0).

Figure 6. Pressure line for four discharges (Q = 0.03 m3 /s,
Q = 0.0268 m3 /s, Q = 0.0232 m3 /s and Q = 0.019 m3 /s) for
the sharp-edged orifices S3 (Table 1).

and 7), water flows from left to right while for empty
markers is right to left. The pressure drops in the jet
(in the zone 0 < Dx <∼ 3 for Figure 6 and in the zone
∼ −3 < Dx < 0 for Figure 7) is counterbalanced by an

Figure 7. Pressure line for the highest discharge
(Q = 0.03 m3 /s) for all sharp-edged orifices (Table 1).

acceleration of the flow velocity and thus the kinetic
energy.
For sharp flow approach (AB flow direction as
depicted in Figure 1), head losses increase slightly with
the introduction of an angle, even small. However, the
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Table 3.

Head losses produced by the elliptical orifices.

Orifice

kAB

kBA

ξ

S1
S2
S3
S4
S5

24.8
30.7
30.5
29.6
31.1

27.0
11.4
11.3
18.1
25.2

1.09
0.37
0.37
0.61
0.81

E2
E3
E4
E5

32.5
32.9
31.9
32.7

9.5
10.0
10.3
10.5

0.29
0.30
0.32
0.32

head loss coefficient value is level up when the angle
increases.
For the angle flow approach (BA Flow direction as
depicted in Figure 1), head losses falls with introduction of small angles (θ ≤ π6 ) of almost 30 % of the head
loss value without angle (0).
All head loss coefficients for standard orifices are
summarized in Table 3.
4.2

Elliptical shape

The second tested shape is elliptic shape. Each elliptic
shape is related to a sharp-edge geometry. Head loss
evaluation is performed in the same way as for sharpedged orifices (Section 4.1). All results are shown in
Table 3 and depicted in Figure 8.
Results suggest that head losses in both directions
are lowly impacted as there is no large difference
between head loss coefficients. The elliptical shape
for these orifice characteristics (β = 0.5 and α = 0.2)
does not influence the head loss production in both
direction. However, average head loss coefficient for
elliptical shape are higher in flow direction AB and
lower in flow direction BA.
4.3

Figure 8. Head loss coefficients for sharp-edged and elliptical geometries.

Discussion

Figure 8 compares head loss coefficients evaluated for
both tested geometries.
For flow direction AB, the elliptical head loss coefficients are 8% than the sharp-edged ones while BA
elliptical head loss coefficients are up to more than
40% lower. Furthermore, for flow direction BA, there
is no increasing of head loss coefficient for angles
higher than π6 unlike the standard orifice high angles.
On one hand, the increasing of head losses in flow
directionAB can be explained by the reduction of inner
orifice thickness (from αi = 0.1 to αx = 0.04 or 0.045
as shown in Table 1). An increasing of head losses
while a decreasing of the inner orifice thickness is relevant with results found by Fratino and Pagano (2011)
and Jianhua et al. (2010).
On another hand, the decreasing of head losses
in flow direction BA shows that the elliptical shape
induces a smaller streamline expansion as total local

head losses are smaller. In other words, the contraction downstream of the orifice seems identical for
the tested elliptical shape parameters. Moreover, there
is no head loss increase for elliptical orifice shapes
corresponding to higher θ.

5

CONCLUSIONS

Surge tank orifices are very helpful during a refurbishment. It allows to adapt surge tanks without huge
costs and modifications. Depending on the waterway
system, different orifice shapes are needed to provide
target head loss coefficients in both direction: flowing in or out the surge tank. This study focuses on the
orifice shapes effect on head losses and asymmetry.
Sharp-edged orifices allow to introduce a large
zone of orifice asymmetries. With an increasing of
the sharp-edged angle, head losses pass from symmetrical losses (θ = 0) to high asymmetry (ξ = 0.37 for
π π
θ ∈ [ 12
, 6 ]) and lower asymmetry for angle between
π
11π
and
(and certainly for higher angle).
12
15
Elliptical orifices produced slightly same head
losses for both flow directions. However, elliptical
shape of orifices allows to produce a higher asymmetry.
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