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Fig. 2. Khoda-Afarin dam a:Plan view b:Modern horseshoe
spillway and hydroelectric power plant intake (Ref.:
www.Taminrah.com)
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Fig. 1. A triangular labyrinth spillway, b: A classic
horseshoe spillway (Ref. www.evn.co.za).
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SECTION B-B
Fig. 4- A: Geometrical characteristics (cm) and B: picture of
the flow passing in classic horseshoe spillway
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Fig. 3. the location of the cylindrical tank, main reservoir,
physical model of the spillway and flow stilling at the
entrance of the main reservoir.
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(s
R2 Stage_-Discharge Ie_ngth of the
(lit/s/cm) spillway (cm)
0.999 Q=3.55xh-3.17 76
0.9989 Q=3.95xh-2.88 88
0.999 Q=4.71xh-3.79 100
0.999 Q=4.87xh-3.23 112
0.9985 Q=4.91xh-2.78 124
0.9976 Q=5.11xh-2.22 136

Table 1. Stage-discharge equations for the classic horseshoe
spillway (external weir)
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SECTION B-B

Fig. 5. Geometrical characteristics of modern horseshoe
spillway (dimensions are in cm)
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Fig. 6. a: upstream b:downstream views of the flow
passing through the modern horseshoe spillway
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Fig 14. the image of flow in a modern horseshoe spillway.
: 1- nappe flow from external weir 2-flow behind the nappe of
external weir 3 nappe flow from internal weir 4 flow behind the

nappe of internal weir.
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Fig. 13. a: plan view of Cross Section profile (B-B) and
longitudinal profile (A-A) location in modern horseshoe
spillway
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Fig. 13. b: Cross Section profile of the flow (section B-B)
over modern horseshoe spillway at different Lws
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Abstract:

One of the non-linear types of spillways in plan-which is used for safe discharge of flood flow from dam
reservoir- is horseshoe spillway. In dam construction, if different hydraulic sub-structures are intended to be
integrated in one structure, for example in the case of integrating a spillway and hydroelectric power plant
intake, modern horseshoe spillway can be used. The installed duct is utilized as an intake to hydroelectric
power plant and also to import the water flow into the horseshoe spillway from aspects other than horseshoe
spillway and increase its discharge capacity. Modern horseshoe spillway is a combination of external and
internal weirs. It is necessary to determine hydraulic parameters for this kind of spillways. In this study,
physical models of modern horseshoe spillways were made in laboratory dimensions. Thereafter, specific
hydraulic parameters of modern horseshoe spillways such as discharge coefficient, discharge rate through the
two weirs and water surface profiles in different parts of horseshoe weir were investigated. The results
showed that by increasing the ratio of head to external weir’s Length (h/Ly), for Lu<100 cm, discharge
coefficient for internal weir (Co) is increased linearly. On the other hand, by increasing the ratio of internal
weir discharge to the external one (Q1/Q.), the discharge coefficient experiences a decreasing trend between

0.65~0.3. As the term /LWS x g/Q, is increased, the general trend of the discharge coefficient is decreased

and its value varies from 0.3~0.65. Comparing the discharges flowing through the external weir of the
modern horseshoe spillway, it is noticed that as the L is decreased, the amount of discharge -flowing

through internal weir- is also decreased. Results indicate a decreasing trend for discharges coefficient as the
ratio of % is increased and its value is in the range of 0.3~0.65. Increasing in the external weir length, the
discharge rate through external weir is increased, while it may be decreased in internal weir. According to
the results, the spillways with L, of 100 cm can pass almost the same discharge as the spillways with longer
Lw can, only under the condition that the discharge is greater than 11.5 lit/sec. The external weir with
Lw=100 cm performs better than the other cases with different values of L. By selecting the proper length,
31 percent of the flow (on average) will pass through the internal weir. Classic and modern horseshoe
spillways are capable of reducing the head on the weir respectively to 28~50% in comparison with the
rectangular weir head with the same width. By establishing the internal weir, the flow which flows down
through a modern horseshoe spillway is divided into four parts: a) nappe flow through external weir , b) flow
behind the nappe of external weir, c) nappe flow through internal weir and d) flow behind the nappe of
internal weir. The height of the rolling flow -which is established behind nappe of the external weir flow-
varies from 3.5 to 11 cm, where this value varies from 6 to 14 cm for the flow behind the internal weir
nappe. Investigation of the water surface profiles shows that by creating an internal weir, the rooster tail
hydraulic jump -that exists in classic horseshoe spillways- is removed.

Keywords: Modern & Classic horseshoe spillway, Discharge coefficient, Internal weir, Physical model.
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