ABSTRACT

A systematic approach has been undertaken in the present study comprising an
experimental and numerical study of flow around Piano Key Weir. Piano Key Weir is
a new, improved form of labyrinth weirs, and a review of Piano Key Weir (PKW) has
been presented in the Literature Survey. The review study compares PKW in its
hydraulic superiority to its counterparts. It focuses on many critical factors like
economy, aeration requirements, structural integrity, different plans of PKW, sediment

carrying capacity and self-cleaning ability.

The preliminary step of the present study investigates the hydraulic advantage of Piano
Key Weir compared to the rectangular weir in an open channel. The present study then
investigates the use and validation of Computational Fluid Dynamics (CFD) for
modeling Open Channel flows over complex hydraulic structures such as PKW. Small
discharges with the entire range of head to height ratio h/P from 0.035 to 0.1 have been
studied where 'h' is not the total head upstream of PKW but the head measured at the
crest of PKW. The numerical results have been validated with experimental results from
the literature. Since the discharge is minimal, surface tension force has been
incorporated in the numerical model. The numerical model is a half PKW unit model
with the same geometrical parameters as the experimental setup and compares the head
obtained from CFD studies on the ANSYS platform with that of the literature.
Investigation of water surface profile and velocity profile near the upstream portion of
PKW has also been carried out. The results show that CFD simulations can reproduce
flow depths near PKW with reasonably good accuracy.

Focussing on shape optimization, it is imperative to study the performance of different

shapes of PKW to know which shape offers more hydraulically and cost-effective
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advantages over other shapes. Much research has been done on rectangular plan-form,
while other plan-forms warrants attention. Extensive laboratory investigations have
been carried out to study the head-discharge relationship of Piano Key Weirs (PKWs)
of different plan shapes for the same no. of repeating cycles of PKW unit and same

upstream-downstream crest length in open channel flow of fixed channel width.

The first flume of smaller width (40 cm) has been utilized for head reduction study and
the sediment carrying capacity upstream of PKW. The study combines the experimental
and numerical study of discharge capacity and sediment carrying capacity of the
different plan geometries of PKW. The experimental study of the discharging capacity
of PKW has been carried out at eighteen discharge points for three plan geometries of
PKW. A numerical study using ANSYS FLUENT has also been carried out at five

discharges and compared with the experimental results.

Velocity distribution around hydraulic structures such as Piano Key Weir can be
essential for efficiency improvement and local mechanism development. Sediment
profile in the channel has been studied at three discharges experimentally for two types
of PKWs: RPKW and TPKW6, all for free-flow conditions. An investigation of the
vertical velocity profile upstream of PKW has been studied with the numerical model.
Critical areas have been identified upstream of PKW where the vertical velocity
component ('v') is highest. This distribution around Piano Key Weir is substantive in
understanding local transport mechanisms helping the sediments pass over the weir.
The study examines the head discharge relationship, velocity distribution and sediment

profiles in the approach flow domain of Piano Key Weir of different plan shapes.

The study shows PKW with a rectangular plan (RPKW) to be more hydraulically

efficient than TPKWs with six-degree and thirteen-degree lateral crest variations
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(TPKW6 & TPKW13). The range of mean longitudinal velocity has happened to be
increasing as moved away from the Piano Key Weir. Velocity distribution in the YZ
plane is highly nonlinear. The study also shows RPKW to be more self-cleaning in
nature than its trapezoidal counterpart (TPKW6). Numerical study shows a close
resemblance to the experimental results with errors well within permissible limits
implying its greater use in ascertaining complex flows around hydraulic structures.

The second flume, which is 0.984 m wide, has been utilized again to study the head
discharge relationship and the effect of outlet submergence in the discharging capacity
of PKWs with rectangular (RPKW) and trapezoidal plan (TPKW). RPKW and TPKW
9 have been studied with this second flume. A total of ten to thirteen experimental
discharges were tested on each plan geometry. A numerical study using ANSYS-
FLUENT has also been carried out for all the plan geometries for both flumes and
validated by experimental results. The tailgate was closed to render the PKW's outlet
from partial to fully submerged conditions. The effect of these submerged outlets was
studied for any changes in the head over the crest of PKW. The study finds that under
partial to complete submergence of PKW outlets, both PKW units' discharging

capability remains unchanged.
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