An understanding of the spe-
cialized vocabulary and mathemati-
cal formulas which are applicable
to pump applications as turbines
will be useful to our discussion.
Tables 1 and 1l on page 18 provides
a glossary and a listing of relevant
formulas.

Typical installations.

The first typical installation we
will examine, as shown in Figure 1,
is a wet-pit propeller or mixed-flow
pump as a turbine. These units are
generally low head, less than 75
feet, and high capacity, up to about
225 cis. They lend themselves to
smali dams or naturally falling water
where the turbing can be mounted
directly over the tailwater in a wet-pit’
configuration. The unit can be ver-
tically mounted with a vertical shaft
and direct-coupled generator, or it
can be a horizontally mounted, dry-
pit design with intake and exhaust
pipe connections.

In the 75- to 200-foot range are
the Francis-type pumps. As shown
in Figure 2, these hydraulic turbines
are used at high dams or similar
installations and can handle capac-
ities up to 110 c¢fs. Although this is
a dry-pit instaliation, the vertical
mounting allows for the use of
vertical shafting to raise the gener
ator well above any possible flood
level. In addition to the elbow
exhaust vertical mounting, this tur
bine can be vertically designed
with bottom discharge, or horizon-
tally designed.

Centrifugal pumps are very well
suited for hydroturbine applications
in the 200- to 500-foot head range.
Figure 3 illustrates a horizontal
split-case pump which has been
installed in parallel with a pressure-
reducing valve in a pipsline to
recover wasted energy. Horizontal,
dry-pit, split-case pumps make
excellent turbines for these appli-
cations because the intake and
exhaust pipe connections are on
the same centerling. The potential
for a hydraulic turbirie of this type
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exists anywhere a pipeline contains
a pressure-reducing valve.

Single vs. multiple hydraulic
turbine applications.

The normal constant-speed
hydraulic turbine head/capacity
curve has a steep, positive slope;
that is, at low flows the head is low,
and to achieve higher flows, the
head must be increased. This is
suitable for many applications. For
example, if a hydro developer has
a dam site and wishes maximum
capacity at the high-dam level with
decreased capacity as the dam lev-
el is lowered, the normal single-
pump installation is ideal. The
curve in Figure 4 shows how a
typical system of this type would
operate.

Hydraulic turbine systems that
have a broad range of flow require-
ments may require more controt
equipment; however, it does not
have to be complicated. A simple
timer may be incorporated into the
control to automatically shut down
the hydraidic turbine after a preset
time, which can be varied, based
on the amount of flow {0 be passed
on a given day.

Multiple hydraulic turbines may
he necessary if a greater flow
range is required. For example, a
system with a minimum flow of
10 cfs, a maximum flow of 60 cfs,
and using three hydroturbine units
rated at 10, 20 and 30 cfs wouid be
able to handle the total fiow in
steps of 10, 20, 30, 40, 50, and 60
cfs very easily.

Variable flow applications.

There are situations where step-
iess, infinitely variable flow is
required. A common application for
a hydraulic turbine of this type
would be as a pressure-reduction
machine in a municipal water sup-
ply. Water may flow down from a
mountain reservoir with a relatively
onstant pressure, but the flow will
vary during the day as a function of
the resident’s requirernents.

A pressure-reducing valve (PRV)

at dam: stte mstauatmn.

igure ~Vertical propeﬂer pump/turbme
for wet-plt apphcahon. :

F'lgure 2-
Vertical mlxed-
fiow pump/turbine

‘Figure 3—Honzontal spht case pump/turbme

installed in parallel with a pipeline pressure:

reducing valve.
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with flow control most likely exists
in the pipeline to break down the
pressure while controlling the flow,
A hydraulic turbine should be in-
stalled in parallel with the valve, as
previously shown in Figure 3, to
recover the lost energy. A system
head curve and a hydraulic turbine
curve for this kind of application are
shown in Figure 5.

At a flow of 41 cfs, the hydraulic
turbine curve and systemn curve
match exactly at the turbine best
efficiency point. However, in order
to reduce the capacity to below 41
ofs, the hydraulic turbine control
valve must be partially closed,
which makes up the difference in
head between the system curve
and the hydraukc turbine curve. To
achieve flows above 41 cfs, the
hydraulic turbine control valve is
opened completely, and the exist-
ing PRV is opened slightly to act as
a bypass valve.

The systemn just described is
quite sufficient for many applica-
tions. However, note that because
some head is still wasted in valv-
ing, the system efficiency is not
optimum. To improve the efficiency,
muitiple hydraulic turbines could be
used. Figures 6 and 7 demonstrate
how a system of this type would
operate.

At flows between 24 and 27 cfs,
only Turbine 1 would be running,
and s control valve would be par-
tially open. At flows between 27 and
31 cfs, Turbine No. s controt vaive
would be completely open, and
some of the flow would bypass into
Turbine No. 2. When Turbine No. 2
reached synchronous speed, it
would be also started up. This se-
quencing would continue until full
flow was achieved, Note the im-
provement in the systern efficiency
with the multiple hydraulic turbine
configuration.

Varible head applications.

Systermns with very steep or even
vertical system head curves lend
themseives to variable-speed
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hydraulic turbines. As an example,
consider a dam with a short
enough head race so that the fric-

e tion losses are minimized. The
flow ; .
o _ ;B%ggfsor& system curve would he essentially
 lurbine 1 .styﬁc].by L vertical, as shown in Figure 8.
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variable flow system

Conditions at the site require a
constant flow release at any given
head condition, while retaining the
ability to change the fiow from time
to time. This is best accomplished
with a system as shown schemati-
cally in Figure 9,

If the application is at an existing
site, the flow control valve may
already be in place, and will most
likely be able to operate in series
with the hydraulic turbines, each of
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This variable-speed-type system
works best only with very steep
systern curves, but not as well with
flat or horizontal curves as shown
previously in Figure 6.

Flexibility the key.

It has been demonstrated that |
with a little imagination, pumps ap-
plied as hydraulic turbines can be
made to perform easily enough
within numerous system require-
ments. Each particular site must be
evaluated to determing the most
beneficial operating system to opti-
mize the potential payback,
Doubtlessly, readers of this article
will be able to devise variations of
the schemes presented here based
o the reguirements of the site and
the flexibility of using pumps as
hydraulic turbines.
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Figure Q—Schematrc dlagram for mumple, two- speed
_turhine, variable head system. B :
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Source of water to power the turbine.

Open channel or enclosed pipeline (penstock) to
deliver the head water to the turbineg inlet.

The impeler or propeller in a pump. Some axial flow
or “tube” type conventional turbine runners may have
adjustable runner blades to match changes in the
available flow.

Tapered exhaust section from the turbine, utilized to
minimize exhaust iosses and improve overall turbine
efficiency.

Exhaust channel or pipeline to return flow to the
taitwater.

Exhaust water from turbine.

Total required exhaust head. The amount of back
pressure the turbine requires to prevent cavitation.
Similiar to npshr in a pump.

Total available exhaust head. The amount of back
pressure available at the site. Similiar to npsha

in a pump.

Cubic feet per second (1 ¢fs = 448.8 gpm)

Adjustable “diffusers” in conventional radial flow or
“Francis’ turbines which change the angle of flow into .
the runner as a function of the capacity to improve
efficiency. This design has not yet been applied to
reverse running pumps because it is extremety
expensive and complicated to operate.

A plot of flow versus percent of time the flow is
achieved. Useful in determining the number of
turhines required to match the flow conditions
at the site.

Turbine ocultput:

KW =QxHxE
5310

KW =QxHxE
11.83

Runaway Speed:

NH:NM

where Q = turbine capacity, gpm
H = turbine head, feet
E = turbine efficiency

= turbine capacity, cfs
H = turbine head, feet
E = turbine efficiency

=

>
)

®

O
|

where N = speed

Q = capacity
H = head
1 = speedno. 1
2 = speedno. 2
where N, = runaway speed
N = normal speed
H = head at which runaway is calculated
H. = head at zero torque, (at zero efficiency pt)




