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Abstract

At many hydropower intakes in rivers there are extensive problems with debris fouling the trash rack. An alternative to
manual or mechanical cleaning is the hydraulic concept of backflushing, in which water removes debris from the trash rack and
flushes it back to the river out of a flushing conduit. A new intake concept with the intake gate located upstream of a horizontal
trash rack, for the efficient utilization of backflushing, is tested in a physical model. The experimental results approve the
opportunity for energy production during the automatic cleaning. The cleaning efficiency is strongly dependent on the flushing
capacity. The costs related to the flushing conduit and a slightly increased head loss can be less important for many cases
than the advantages from timely and efficient debris removal, reduced costs for human labor, and improved safety. Additional
possibilities for safe fish-passage through the bottom outlet call for further studies.
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Introduction

A large number of new small hydropower plants are con-
structed in rivers every year. The intake structure is de-
signed to harvest water from the river over a desired range
of headwater levels, and convey clean water to the turbines.
The trash rack on intake structures in rivers protects the
turbines from damage from branches, stones, ice and man-
made waste, but the trash rack may be covered with leaves,
moss, grass and trash, thereby causing head loss. There are
problems with the trash control facilities at some new and
existing hydropower intakes, and according to Wahl (1992),
problems with the trash control facilities to hydropower
plants cost millions of dollars every year in extra labor and
equipment repair costs. A study by EPRI (2007) has shown
that the timely and efficient cleaning of some specific in-
takes can increase the annual electricity production by up to
12 %. There exists a large number of different intake types
and different types of mechanical trash racks cleaners (Rad-
huber 2006; U.S 2011). Nevertheless, it is still a common
practice at small hydro power plants to manually clean the
trash racks, which is often chosen because of the relatively
high investment cost for a mechanical cleaner or because
extensive cleaning problems are underestimated. Manual

cleaning is time consuming, and involves a safety risk for
the operators, in addition to the fact that a shutdown of the
power plant is often required in order to perform a success-
ful cleaning. Reliable, fish-friendly and cost-efficient solu-
tions are requested for new hydropower intakes and for the
upgrading of intakes with severe problems at the intake. An
efficient, but relatively rarely used method for the removal
of debris is the hydraulic-based concept of backflushing;
by opening a flushing gate, a water flow will remove the
clogged debris from the trash rack and flush it back to the
river, downstream from the weir. The great advantage of
this is that no manual work is needed, and no extra movable
components prone to wear and tear, apart from the flush-
ing gate, are required. The disadvantage is the loss of water
used for flushing and the extra investment cost for the flush-
ing conduit. For a long time, the backflushing effect has
been obtained at hydropower intakes by intentionally cre-
ating a water hammer with a rapid shut down of the power
plant, whereby a pressure pulsation removes clogged debris
from the trash rack (Radhuber 2008). More recent intake
structures have successfully been designed with the intake
gate and a flushing conduit upstream of the trash rack, in
which a reverse water flow releases debris from the rack
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and conduct it out through the flushing gate and back to
the river downstream from the weir (Ng vik et al. 2011).
Further innovation on intakes with use of the backflush-
ing concept has led to the so-called H-rack intake, which
was specially designed for power plants in rivers where the
frequent cleaning of trash racks is needed. The H-rack in-
take has the intake gate located upstream of a horizontal
trash rack in order to provide an efficient removal of de-
bris with backflushing. The main objective of this paper is
to assess the hydraulics in the new intake concept for hy-
dro power plants during normal operation and during back-
flushing. Design recommendations for an H-rack intake are
studied, however an optimization of the hydraulic design is
not included in this research. The intake design has been
tested in a hydraulic physical scale model at the hydraulics
laboratory at NTNU, Trondheim, Norway.

The H-rack Intake Structure

The H-rack intake is designed to be cost-efficient, both
in terms of construction costs and operation and mainte-
nance in rivers where the frequent cleaning of trash racks is
needed. A description of the new concept and the defined
success criteria are given below.

The new concept

During a normal intake operation, the water flows from the
intake pond through the intake gate, up through the horizon-
tal trash rack, over the weir to the inner intake chamber and
to the power plant (see Figure 1a). Debris will accumulate
underneath the rack, so a flushing conduit isinstalled under
the rack and ends up in the river downstream of the weir.
The flushing facility is operated by a flushing gate or valve,
while the inlet to the flushing conduit is situated just below
the horizontal trash rack. A cleaning sequence starts with
reducing the discharge to the turbines and closing the intake
gate. When the flushing valve is then opened, a brief water
flow across the screen in the direction opposite to the nor-
mal production flow will remove the debris underneath the
rack and convey it out of the flushing gate (see Figure 1b).
The main advantage of the new H-rack intake concept is the
efficient and reliable way of cleaning the trash rack whereas
the main disadvantage is the extra head loss through the in-
take structure, and the extra cost of the flushing facilities.
Energy production during backflushing allows for a quick
start-up of full production after cleaning. With the new H-
rack concept, the rack is more submerged and is hence bet-
ter protected against ice and larger floating debris on the wa-
ter surface, but a coarse trash rack should protect the flush-
ing conduit from large objects. There should also be pro-
vided access to inspections under the rack and in the flush-

ing canal. Any bed load passing through the intake gate
will be deposited below the trash rack and can be flushed
out with the debris. Another potential advantage is for the
downstream migration of eels that prefer to travel along the
river bed and have a better chance to pass hydropower in-
takes through bottom outlets (Gosset et al. 2005; Larinier
2008; Russon and Kemp 2011). For the H-rack intake, the
flushing outlet could serve as a bottom outlet for eels, and
will be studied in further research.

Success Criteria

In general, the maximum velocity through the trash rack,
Uy maa»> Should be low in order to minimize the head losses,
reducing the amount of debris being drawn to the trash
rack, and limiting the formation of vortices at the intake.
As a rule of thumb, the intake structure for a small hy-
dropower plant should be designed for V. ;4. in the range
0.3 — 1.5m/s (ASCE 1995). According to common prac-
tice in Norway (Jenssen et al. 2000) T, 4, < 0.5m/s is
used in this study, and defined in Eq. 1:

_ o Qmam _ dmazx
VUrmax = HTBT = HT < 05m/s (l)

where ()4, is the design discharge, and H,. and B, are
the height and width of the trash rack, respectively. H, is
used to scale all components in this study according to the
unique relation to any given unit discharge, ¢mqx = %
There is not much literature on debris to trash rack adhesion
in field, though a study by Ngvik, et al. (2014) show that
debris is quite easily removed from a trash rack. The same
study showed that the required pressure difference, or head
loss build-up, through a trash rack at the initiation of the
flushing, Ah,. ¢, and the average flushing velocity over the
rack, v, 7, for efficient cleaning is rather modest, and that
an evenly distributed flow over the trash rack at the initia-
tion of the back flushing is important in order to clean the
entire rack. The cleaning efficiency in the present study is
uniquely assessed according to the hydraulic performance,
whereas the success criteria for a well performing H-rack
intake is defined based on the results from the study by
Nogvik, et al. (2014) suggesting a minimum average flushing
velocity over the rack, U, ; /Ty mas > 0.4 and a quick head
loss build-up at the initiation of the flushing. In addition,
the design should provide for a reliable and safe operation,
energy production during flushing and a low head loss dur-
ing normal operation. Optimization of the hydraulic design
is not included in this study as the focus is on the concept
and the governing main components.
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Figure 1: The concept of the H-rack intake structure: a) Normal operation with open intake gate, b) cleaning of the trash rack
with backflushing. The flushing valve is open, whereas the production discharge is reduced
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Figure 2: Experimental set-up and definition of test parameters (side-looking view).
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Experimental Set-up

The goal of this study is to assess the H-rack intake perfor-
mance during both normal operation and backflushing, with
the aim of at finding recommended operational strategy and
range for the principal main design parameters. The exper-
iments with the H-rack intake concept were conducted in
a 2.5m long, 0.35m wide and 1.0 m deep box, scaled af-
ter Froudes scaling law with scale length of L, = 1 : 5.
Any smaller scale was not justifiable according to Reynolds
scaling law for turbulent flow around the trash rack. The
important operational and design parameters tested in this
study are defined in Figure 2. There are two outlets from
the H-rack model. The upper one represents the penstock
with diameter D for the production discharge, (). On the
lower level, there is a conduit for the flushing discharge,
Q. The discharges were measured with two electromag-
netic flow meters, Sitrans F M Mag 5100 W (Data sheet
Siemens Sitrans F M Mag 5100 W). The water supply,
Qin, is located in the upstream end of the model and a
free overflow spillway provided for a constant water level,
h1 = 0.8 m, in the tank, which represents a water level in
an intake pond or intake reservoir of 4.0 m. The upstream
and downstream water depths, h; and ho, were measured
with ultra-sonic sensors, mic+130/IU/TC/M30 (Data sheet,
mic+130/1U/TC/M30), with range of 0.2 — 1.3 m. The criti-
cal water level, h.,;;, defines the lowest water level without
the risk of air entrainment to the power plant. The intake
structure consists of a vertical intake gate with an opening
H; for control of the inflow to the intake chamber, a hori-
zontal trash rack with length H,., at a vertical location H,,,
a weir with height H,, and an inner intake chamber with
length, L. The rack height was H,, = 0.28 m, which corre-
sponds to 1.4 m in prototype, and the width of the trash rack
is 0.35 m. According to Eq.1, the design discharge, @4z,
for the physical scale model, is

Qma:r = Hr X Br X 05m/s X \/E
—0.28m x 0.35m/s x 0.22m/s = 0.022m%/s  (2)

The corresponding discharge in a prototype iS Qae =
1.2m?3/s. All the components in the experimental facilities
are designed according to relevant dimensions for a small
hydro power intake with the above-mentioned ;42 -

Hydraulic Performance and Dependencies
during Normal Operation

The head loss through the intake is the main performance
criteria for the normal operation of the H-rack intake in
this study, whereas the passage of fish will be studied in
further research. The head loss is primarily dependent on
the production discharge, )/ @ maz, and the design of the
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Figure 3: Locations of measurements over the trash rack,
plan view.

structure. The relative head loss, namely the absolute head
losscompared to the total head of the power plant, defines
the acceptable level of head loss through the intake. A high
head power plant can accept a much higher absolute head
loss than a low head power plant. An optimized hydraulic
design will reduce the total head loss, but was in this study
considered to be of minor importance compared to the over-
all layout with the horizontal rack and the weir. Moreover,
the head losses caused by the chamber shape, the entrance,
the sharp edges, and the trash rack are similar for all model
set-ups. In addition, a trash rack design is always site-
specific, and the head loss caused by debris fouling can be
much larger than the head loss through a clean rack. Hence,
the trash rack was built in the model as an exemplification
for the completeness of the study, and only one trash rack
design was used. The bars were rectangular shaped for easy
manufacturing, and with a bar thickness b, = 3mm , bar
depth p,, = 20 mm and bar spacing s, = 8 mm. The head
loss was estimated based on a 2" degree polynomial fitting
of a 30 points moving average of the water level difference,
h1 — hs, logged at a frequency of 100 Hz. For assessing
the head loss caused by the overall layout compared to a
standard intake design, measurements with a vertical rack
was conducted. The model was then modified by replac-
ing the weir with the rack installed in a vertical position.
Moreover, the wall above the vertical rack was extended
above the water surface. The head loss was measured for
the range U, /T, mar € [0,1]. The weir height strongly af-
fects the flow path, and the impact on the head loss was
tested for various weir heights H,,/H, = [1.3,1.6].
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Hydraulic Performance and Dependencies
during Backflushing

During backflushing, the performance is assessed accord-
ing to three criteria for an efficient cleaning: the velocity
distribution over the trash rack, the average flushing veloc-
ity over the rack v,. ¢ /@,maz > 0.4, and a quick head loss
development over the trash rack at the initiation of the back-
flushing (Nvik, Rettedal et al. 2014). Two S-10 type pres-
sure transmitters from WIKA (Wika 2013) were installed
0.05 m over and under the trash rack to monitor the pressure
development during flushing (see Figure 3). The range was
from 0 — 0.4 bar. The head loss build-up caused by clogged
debris cannot be estimated due to the random nature of de-
bris, and was hence not measured in this experiment. Nev-
ertheless, the potential head loss build-up during flushing
of a clogged rack, Ah,. ¢(t) (in meters) was estimated from
measurements of the pressure development under the rack
B (t):

Ahr,f(t) = hr,a - hr,u (t) (3)

where h, , is the pressure (in meters) above the rack be-
fore the opening of the flushing valve. The signal triggered
when the flushing valve was opened, the discharge data, the
water depth, and the pressure was recorded at a frequency
of 100 Hz, using a U2355A USB Data Acquisition Module
(Data Sheet, Agilent U2300A Series USB Modular Multi-
funciton Data Acquisition Devices). The velocity distribu-
tion over the trash rack during back flushing was assessed
by measurements of the local velocity in three directions
with a Nortek Vectrion Lab Acoustic Doppler Velocimeters
(ADV) (Datasheet Vectrion Lab), with a sampling rate of
200 Hz. Nine locations 0.05m above the rack were mea-
sured, see the plan view Figure 3. One location was mea-
sured at a time, and tests showed that the measurements
had a high degree of repeatability for all flushing sequences.
The spatial average of the nine measured points, U,. f, was
calculated. The three above-mentioned criteria are affected
by both the operational strategy and design of the structure.
The most important parameters concerning the operation
strategy are the intake gate opening H;/H.,., tested in the
range [0 — 0.8], where 0 means a closed intake gate, and
the discharge to the power plant during the cleaning, which
remained constant 0/ Qmqz = 0.2 for all the experiments.
The intake design parameter of primary importance for the
flushing efficiency is the capacity of the backflushing sys-
tem was tested up to Q/Qmaz = 1.6. The weir height,
H,/H,, was considered to have an influence on the veloc-
ity distribution during the backflushing and was tested for
H;/H, = [0.8,1.6,2.2]. The length of the inner chamber
L/H, defines the volume of water available for flushing,
and was tested for L/H,. = [1.9, 3.4]. The vertical location
H,/H, was expected to have an influence on the relative
flushing velocity for tests with an open intake gate. H,, has

to be larger than the intake gate height, which again is rec-
ommended to be equal or larger than H,., in order to avoid
a decrease in the velocity after the intake gate. But in or-
der to study the effect during flushing, H,,/H, = [0.8,1.3]
was tested. A total of 24 experimental set-ups were tested
during backflushing.

Backflushing Duration

Studies have shown that most of the debris is removed from
the trash rack at the initiation of the backflushing. The re-
quired flushing duration, ¢, is therefore given by the time
needed to convey the debris out of the intake. The max-
imum flushing time ¢ 4., before a critical water level,
herit, 18 reached and air entrainment will occur is restricted
by the available water volume in the intake chamber, and
the water discharge to the power plant, (),,, during back-
flushing. h.,;; is calculated according to formulas pre-
sented by Knauss (1987) on critical intake submergence,
herit = (0.75 4+ 2Fr)D. When Q, = 0.2Q 4, during
the flushing and D/H, = 0.55, the critical water level is
herit = 1.4D. No water in the inner intake chamber below
the weir level can be used for flushing, and this water vol-
ume can be regarded as a reservoir for energy production
during the cleaning process.t s maqz is hence given by:

Hw - hcri
tfmaz = TtLBr 4)
p

An open or partially open intake gate during the flushing

will increase the accessible water volume for flushing, but

also reduce the efficiency of the backflushing. The flush-

ing volume over the rack V, relative to the flushing vol-

ume, Vy = [ Qdt, describes the efficiency of the flushing
ty

system. V. is calculated as the volume the power plant,

Vo = f Qpdt, subtracted from the change of the volume in
ty

the inner intake chamber.

Results

Normal operation

The head losses through the H-rack intake are higher than
for a standard vertical intake screen, because of the weir and
several changes in the water flow direction (see Figure 4).
The extra head loss is in the range of 2 — 8 times the head
loss for a vertical intake. As expected, a high weir signifi-
cantly increases the head loss through the system although
it was unexpected that the head loss in a shorter chamber is
smaller than in a longer chamber. The model is scaled after
the Froudes number, whereas the head loss over the trash
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Figure 4: Head loss through the H-rack intake structure dur-
ing energy production compared to the same intake struc-
ture with vertical rack. The intake gate opening H;/H, =
0.8, and vertical location of the rack H,,/H, = 1.3 are con-
stant, whereas various H,, and L are tested.

rack is related to the drag force through the rack, which
again is related to the Reynolds number around each bar:

qb,

Re = oo 5)
where v, is the kinematic viscosity for water. According
to Couret and Larinier (2008) common values for Re in
real hydropower plants are in the range of 4000 — 13000.
During the experiments in this study, the Reynolds num-
ber was lower, Re € [400,850]. Nevertheless, the head
losses through the clean trash rack, and the experiments
were therefore considered to be with-in a valid range.

Backflushing Efficiency

The back flushing efficiency has been assessed according to
operational and design parameters. The flushing velocities
obtained over the entire H-rack are relatively high and the
hydropower plant can maintain its energy production during
backflushing.

Operational Parameters

The intake gate opening has an effect on the velocity distri-
bution, and on the average relative flushing velocities. The
side looking view in Figure 5a gives a visual indication on
the spatial velocity distribution over the trash rack during
backflushing with different intake gate openings, whereas
Figure 5b shows the measured velocity development for se-
lected model set-ups at all the locations showed in Figure 3.
Positive relative velocity is defined according to the flow
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Figure 6: Comparison of the average relative flushing ve-
locities for all 24 set-ups, where the effect of the intake gate
opening is the most pronounced.
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Figure 7: The effect of the intake gate opening, H;, on the
relative flushing velocity for Q t/Qmaz = 1.6
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Figure 5: The effect of different intake gate openings on the velocity distribution during backflushing: a) Side-looking view
of the spatial velocity distribution, b) time series of the relative flushing velocities at all locations in the x- and y-direction.
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Figure 8: Impact of the flushing discharge on the relative
flushing velocity for a set-up with H;/H,. = 0.2

direction during normal operation, namely upwards, and
t = 0s is the time of the opening of the flushing valve. Dur-
ing the first second of flushing there are only minor spatial
differences in the velocity distribution over the rack, which
indicate a cleaning of the entire rack. The relative flushing
velocities are highest for the series with a closed intake gate.
After 2 — 3s with flushing with a closed intake gate, the
free water surface reaches the trash rack and causes spikes
in the measurements. For the partly open intake gate, the lo-
cation closest to the weir (z/H, = 0.8, blue series) obtain
higher flushing velocities than for the two other locations
at approximately 1 — 2. Note that the velocity before the
flushing is slightly negative closest to the intake gate (red
series). The moving time average of the relative flushing ve-
locity for all 24 experimental set-ups is presented in Figure
6, and shows that the intake gate needs to be partially closed
in order to obtain the required relative flushing velocity. A
closer study of the effect of different intake gate openings
for a given set-up with H,,/H,, = 1.6, L/H, = 1.9, and a
flushing discharge Q;/Qma> = 1.6 is presented in Figure
7. For the black data series, closed gate, the free water sur-
faces reaches the rack after 2.5 s, thereby causing the spike
in the graph. A closed intake gate gives the highest flushing
velocity, but flushing with a small intake gate opening will
also give relative high flushing velocities. One-sided hy-
draulic pressure on the intake gate is avoided with a partly
open intake gate during the backflushing, which will help
facilitate a fast and efficient flushing sequence.

Design Parameters

The capacity of the flushing system, () ¢, is identified as the
most important design parameter affecting backflushing ef-
ficiency. The influence of Q)  /Qmaq. on the relative flushing
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Figure 9: The potential head loss build-up over the rack for
various flushing discharges.

velocity Uy /Ty, is shown in Figure 8 for the set-up with
H,/H, = 1.6, L/H, = 1.9, and an intake gate opening
H;/H, = 0.2. According to the result in Figure 8, there
is a certain capacity of the flushing system required in or-
der to obtain a sufficiently high flushing velocity over the
trash rack, whereby the red line is the only not to exceed
the threshold value. The potential head loss development,
Ah, f(t) (Eq.3) during the first seconds of flushing for dif-
ferent flushing discharges is shown in Figure 9, with two
tests for each discharge. The results shows that the poten-
tial head loss increases most rapidly for the highest flushing
capacities. As a general remark, @ ¢t /Qmqo should be larger
than 1.0 in order to obtain a high enough flushing velocity
and rapid head loss build-up. The impact on the flushing
velocity development from the three other design parame-
ters, H,,, H,, and L, are studied for Q¢/Qmqr = 1.6 and
H;/H, = 0.4. The time series from fourteen various set-
ups are presented in Figure 10, whereby a long L slightly
increases the flushing velocity, whereas neither H,, nor H,,
have any unique impact on the results.

Flushing Duration

According to previous studies, the required flushing time,
is the time needed to transport the debris out of the flush-
ing intake. Moreover, after approximately six seconds af-
ter the flushing gate opening, all the flushing velocities are
reduced below the defined limit T,. /T4, > 0.4 (see Fig-
ure 5). The efficient flushing time is therefore six seconds
at the most, while the critical water level, h.,;;, was never
reached within the efficient flushing time, but A, restrict
the available flushing time ¢} ,,4,. Nevertheless, a flush-
ing duration exceeding the efficient flushing time seems un-
necessary, and thus the length of the flushing conduit could
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Figure 12: Opening of the intake gate with hydraulic pres-
sure on one side. A jet hits the rack and the weir.
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Figure 11: The relative volume of water over the trash rack
during the backflushing compared to the volume out of the
flushing outlet as a function of the intake gate opening and
flushing discharge.

be restricted by the efficient flushing time. Additionally,
as long as all debris is removed from the intake chamber
within the flushing time, it will be flushed out in the next
sequence. The ratio of the water volume flowing over the
trash rack, V., compared to the total volume used for flush-
ing, V; was calculated for the first six seconds with effi-
cient flushing, and is strongly dependent on both the intake
gate opening and the flushing discharge (see Figure 11). A
negativeV,. means that more water flows in the positive di-
rection over the rack than in the negative direction during
the flushing, hence the cleaning is not efficient.
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Figure 13: The concept of the backwardly inclined rack: a) Normal operation with open intake gate, and b) cleaning of the
trash rack with backflushing. The flushing valve is open, whereas the production discharge is reduced.

Discussion

The experiments shows that the H-rack intake structure pro-
vides for a reliable method for cleaning the trash rack while
the power plant is running. The additional head loss through
the H-rack intake might be insignificant compared to the
total head of the power plant, and the extent of head loss
caused by debris fouling. The flushing capacity, given by
the design of the flushing conduit, is of primary importance
for the flushing efficiency. As a minimum, the flushing
capacity, ()¢, should be equal to @),q, in order to obtain
a satisfactory flushing velocity and head loss build-up for
flushing. In addition to the flushing conduit and the flush-
ing valve, the weir inside the intake structure is the only
extra components compared to a standard intake. The de-
sign and dimensions of the other components of the H-rack
intake are comparable to standard intake structures with a
vertical trash rack. Neither the length of the intake cham-
ber, L , nor the weir height, H,,, significantly affect the
flushing velocities. A high weir is not recommended be-
cause of the extra head loss, and does not improve the ve-
locity distribution either. A longer chamber will increase
the available volume for power production during back-
flushing. Furthermore, the vertical location of the trash
rack was not very important. The highest flushing veloc-
ities were obtained with a closed intake gate, and flush-
ing with a closed intake gate will lead to a free surface
flow over the trash rack, which is very efficient for clean-
ing. On the other hand, high forces are required to open
an intake gate with a one-sided hydraulic pressure. Fig-
ure 12 shows a jet hitting the weir while opening the in-
take gate. For a reliable and efficient cleaning sequence,
the intake gate should be set in a low, but open position
during backflushing. Based on the experiments, the H-rack

intake structure is evaluated to be a recommended concept,
and an example of a full scale intake is presented to give
an overview of the experimental results. Given a discharge
Qmaz = 1.2m3 /s, the H-rack intake structure could have
a design with H, = 14m, B, = 1.8m, H,, = 2.3m,
D = 0.75m and L = 2.5m, which represents a rela-
tive compact intake structure. The absolute head loss for
tjhe intake structure with a clean rack during normal oper-
ation would be Ah, ~ 0.04H, ~ 0.06 m. Given a closed
intake gate, the available flushing time before the critical

water level is reached, is: tfmae = %LBT =
p

2.3m—1.4x0.75m — ; ;

0.2x1.2m% /s 2.5m x 1.8m = 23s. Assuming a capac

ity of the flushing conduit Qy = 1.5Q 4. and a flushing
duration equal to the efficient flushing time, ¢y = 14s, the
volume used for flushing would be ¥; &~ 25 m?.

Based on the results from the experiments, a further im-
provement of the solution has emerged, and is shown in
Figure 13. Instead of the horizontal trash rack, the rack
is backwardly inclined. The streamlines will be straighter,
and thus the head loss will be reduced. The velocity over
the trash rack will conceivably be quite evenly distributed,
as the rack will be tangential to the velocity field around the
flushing conduit inlet. Energy production during the back-
flushing is possible, but there will not be any water volume
unique to the turbines, as for the H-rack. The solution with
an inclined rack will be studied in further research.

Conclusions and recommendations

The new intake concept with a horizontal trash rack pro-
vides a reliable and efficient cleaning of the trash rack at
small hydro power plants, with possibilities for remote con-
trol. The advantages are the timely and efficient cleaning
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and energy production during the cleaning, the safety of
the person in charge, and the reduced cost for human labor,
in addition to a better protected rack against ice and larger
floating debris. Moreover, the bottom outlet has the possi-
bility to serve as fish by-pass, but further research to ensure
fish-friendly passage is needed, especially on the flushing
conduit design, the recommended flushing frequency and
flushing discharge, and any need for continuous bottom out-
let flow. For many cases, the advantages can be more im-
portant than the extra head loss and the extra components.
Based on the experiments, we can recommend the design
for new hydropower plant intakes, while further studies on
the passage of fish and on the backwardly inclined rack can
further improve this promising concept.

Notation
by = Bar thickness (mm)
B, = Rack width (m)
D = Pipe stock diameter (m)
Fr = Froude number (-)
g = Gravity acceleration constant (m/s?)
hy = Upstream water depth (m)
ho = Downstream water depth (m)
Rr.a = Pressure above the rack before flushing (m)
[ = Pressure under the rack during flushing (m)
Ah, ¢  =Head loss through the rack during flushing (m)
Rerit = Critical water level (m)
H, = Rack height (m)
H; = Intake gate opening (m)
H, = Vertical trash rack location (m)
H, = Weir height (m)
L, = Length scale (-)
L = Chamber length (m)
Vi = kinematic viscosity (s/m?)
Pr = Bar depth (mm)
Qr = Flushing discharge (m3/s)
Qin = Supply discharge (m?*/s)
Qp = Discharge to the power plant (m3/s)
dmaz = Maximum unit discharge to the turbines (m3/s/m)
Qmaz  =Maximum discharge to the turbines (m>/s)
Re = Reynolds number (-)
Sy = Bar spacing (mm)
ty = Flushing duration (s)
t¢max = Maximum flushing duration (s)
Vp f = Flushing velocity at the trash rack (m/s)
Uy f = Space averaged flushing velocity
over the trash rack during flushing (m/s)
Ur,max
1% =Volume used for flushing (m?)
Vr =Volume over the rack during flushing (m?)
V, =Volume to the power plant during flushing (m?)
T,y = Location variables at the rack (m)
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