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Introduction
Hysteresis during supercritical flow is an issue that is not well understood. It occurs near structures in
water supply systems, water transmission lines, and channels. The hysteretic behavior of a flow
causes different states in the flow for otherwise identical conditions. (Defina and Viero, 2018)
investigated the behavior of supercritical flow near a vertical gate. They proposed a theory for
predicting hysteresis in the vicinity of a gate based on the Froude numbers upstream and downstream
of the gate as well as on the gate opening ratio. Their results also confirm the existence of hysteretic
behavior of the flow. The experiments also confirmed the validity of the theory on the effect of
upstream and downstream Froude numbers on hysteretic behavior. (Defina and Viero, 2010)
examined the various states created by the flow in a gradual narrowing. They showed that the friction
and slope of the channel floor affect the stability of the flow and can create different hysteretic loops.
The main purpose of this study was to investigate the contradictory behavior of supercritical flow
with a sill located in the flow path and with different geometries. The existence of such contradictory
behavior occurs due to hysteresis, for which there are relatively limited studies. Generally, the
occurrence of hysteresis at the collision of the flow with the obstacle is expected. As for the same
input current, two different behaviors are observed that behavior depend on the flow cycle. The flow
cycle means increasing the discharge to a certain value and then decreasing it to the initial discharge.

Methodology

The experiments were performed in a hydraulic laboratory with flume dimensions of 5 m in
length, 0.30 m in width, and 0.5 m in height. The walls are made from Plexiglass in order to provide
good visibility. The inlet flow was measured by two rotameters. The rotameters were installed at the
outlet of the pump and made measurements with a point gage with an accuracy of 1 mm. A sluice
gate is installed to provide supercritical flow. The gate opening was fixed at 2 cm in all experiments.
Sills including cylindrical, pyramidal, and rectangular cubic shapes were prepared to investigate the
shape effect. All three sill shapes were prepared with widths of 30 cm. The height of all sills in this
study was 3 cm. In this study, flow discharge in the range of 0.0045 to 0.01 m*/s was applied to all
models.
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Findings

The presence and absence of a hydraulic jump and the formation of two different profiles were
obtained. The effect of hysteretic behavior was quantified by creating a flow that increase of 0.0045
to 0.01 m*/s and decreased from 0.01 to 0.0045 m%s. Water was added or removed with increments
of 0.00041 m%s. Results showed that with increasing and decreasing discharge, two different
behaviors are seen under otherwise identical circumstances.

Increasing and decreasing the flow to otherwise identical discharges resulted in two surface
profiles in the same laboratory system. These two profiles were: a) Profile 1: in which sections 1 and
2 are in the subcritical regime, b) Profile 2: in which sections 1 and 2 are in the supercritical regime.
In this research, three sills with cylindrical, pyramidal, and rectangular cubic geometry with a height
of 3 cm have been used.

The main results are summarized below:

* In the M1 model, which used a cylindrical sill, hysteresis was formed in the Froude number
range from 3.62 to 5.08 by increasing the flow rate by more than 0.0058 m®/s. The flow regime
returns to supercritical by decreasing the flow rate to less than 0.005 m?/s, the flow regime returns to
the subcritical regime with relative depths of the flow in sections 1 and 2 that have increased by
85.38 and 82.57%, respectively.

* In the M2 model, which is used a pyramidal sill, hysteresis was formed in the Froude number
range 3.62 to 5.08. By increasing the flow rate by more than 0.0058 m®s, the flow regime returns to
the super-critical regime. By decreasing the flow rate to less than 0.005 m*/s, the flow regime returns
to the sub-critical regime. The relative depths of the flow in sections 1 and 2 increased by 85.31 and
88%, respectively.

» In model M3, which is used a rectangular cubic sill, hysteresis was formed in the Froude
numbers range of 3.94 to 5.08. By increasing the flow rate by more than 0.0058 m%s, the flow
regime returns to the super-critical regime. By decreasing the flow rate to less than 0.005 m?/s, the
flow regime returns to the sub-critical regime, that the relative depths of the flow in sections 1 and 2
have increased by 70.68 and 60.37%, respectively.

* The efficiency of hydraulic jump at the rectangular cube sill is higher than other sills, with a
relative increase of 72%.

Conclusions

The present study investigates, for the first time, the hysteretic behavior of a supercritical current
that can occur in a channel near additional structures such as a sill. The results showed that the
relative depth values of y1/yo, Y2/Yo, and Froude numbers in sections 1 and 2 were greatly increased,
while the hydraulic jump efficiency for the relative energy dissipation parameter at the cubic sill was
higher than the other sills. In the primary flow, these depths indicate the subcritical regime and in the
secondary stream, with hysteresis at some discharge rates, it indicates the supercritical regime.
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Table 1- Physical characteristics and hydraulic parameters variation of the present study (Sizes are in cm)

Model Model
Geometry

Discharge

(Lit/min)

Sill Dimensions (cm)

Height

Length

width

(Reg)

Y1icm) Yacm)

M1 Cylindrical

M2 Pyramidal

M3 Rectangular
cubic

275- 600

Cylindrical diameter =3.0
30 55287-121951

3
3

3
3

30

1.83~7.5 2.1~6.6
1.8~6.6 2~6.6
1.78~7.38 1.9~6.5

Sl G 95 9 B 3y 9 ondplmil Sy mslosT (g2 obw —F Jguar

Table 2- Scenario of tests performed and flow regimes and profiles

Model

Profiles (Fig.1)

Flow regimes

Profile 2

Profile 1

Section 2

Section 1

Fro
(vena
contracta)

Flow history

M1

ASASANENENENENRN

AV N N N NN

Subcritical

Supercritical

Subcritical

Subcritical

Supercritical

n

Subcritical

3.313
3.621
3.941
4.230
4571
4.825
5.079
5.503
5.079
4.825
4571
4.230
3.941
3.621
3.313

2.958

Flow increasing

Increased flow caused
supercritical hysteresis
Decreasing flow

Decreasing flow caused
subcritical hysteresis

M2

L]

AN N N N YN N RN

Subcritical

Supercritical

Subcritical

Subcritical

Supercritical

n

Subcritical

3.313
3.621
3.941
4.230
4571
4.825
5.079
5.503
5.079
4.825
4571
4.230
3.941
3.621
3.313

2.958

Flow increasing

Increased flow caused
supercritical hysteresis
Decreasing flow

Decreasing flow caused
subcritical hysteresis

M3

SNENENENEN

AN N N NN

Subcritical

Supercritical

Subcritical

Subcritical

Supercritical

n

Subcritical

3.941
4.230
4571
4.825
5.079
5.503
4.852
4571
4.230
3.941
3.621

Flow increasing

Increased flow caused
supercritical hysteresis
Decreasing flow

Decreasing flow caused
subcritical hysteresis
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