GRUNDFOS
ECADEMY

DEEP WELL VERTICAL TURBINE PUMPS:
INTRODUCTION

GRUNDFOS %



By the end of this course
you will be able to:

Identify types and sub-types of vertical turbine
pumps as applied in deep well applications.

Name and describe the functions of the four main
sub-assemblies of lineshaft turbine pumps and identify
common accessories.

Describe the lineshaft bearing lubrication processes for
both water lubricated and oil lubricated turbines.

Cite the advantages and disadvantages of lineshaft
turbine pumps.

ldentify the primary driver types for deep well turbines.

Describe the layout, constituent parts, and unique
attributes of the vertical turbine performance curve.







Line shaft turbine

Submersible turbine






How Deep is a
Turbine Well Pump Set?

Deep well turbine Short set turbine



How Deep is a X
Turbine Well Pump Set?

Driver (electric motor shown here)
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Discharge head

Column and shaft assembly

Bowl assembly
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Deep-set Line Shaft Turbine X

- Vertical turbine pump.
- Castiron head, threaded column pipe.

- Deep-well irrigation.




Two Sub-types of the
Deep-well Line Shaft
Turbine Pump

Water-lubricated open line-shaft pump

Oil-lubricated enclosed line shaft pump

Line shaft turbine



Vertical Turbine Pump ™
Advantages and Disadvantages

Advantages Disadvantages
- Capable of high heads - Requires unusually high headroom
- Small footprint - Challenging installation and

—fits in narrow well casings removal because of length and

weight of many components

+ No priming issues

- Mechanical alignment is critical

- Issues like vortexing and NPSH
problems can often be eliminated - Relative expense
by lengthening the pump for
greater submergence of the
impellers

- Head/pressure flexibility by adding
or removing stages
- Reduced noise

- Customization of components to
meet existing system needs




Vertical Turbine Pump ™
Advantages and Disadvantages

« Electric motor

- Right angle gear drive

« Beltdrive

NB: Always install guards
(not shown) when using drive
shafts, belts, or couplings.

Engine Right angle
gear drive

Flat belt pulley Combination
drive motor-gear drive




Discharge head

« Castiron
- Fabricated

- Includes the sealing device
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Column and
Shaft Assembly

- Threaded pipe plus line shaft

- Bearing assemblies
(and tube if oil-lubricated)
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Bowl
assembly

- Impellers

« Suction bowl

« Intermediate bowls
- Discharge bowl

« Shaft

- Bearings {]

- Miscellaneous parts




How Deep is a Turbine
Well Pump Set?

Pre-lubricator

Sole plate
Water level indicator
(Not shown)
Tail pipe
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Multistage Turbine
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Pump Curves
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- Traditional format for hard-copy curve

- Displays single-stage performance for
multistage performance interpretation
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curve as printed for hard-copy use in a three-ring binder.
This is the format we will use for most of this course.

0

0 50 100 150 200 280 300 380 400 450 500 550 600 B50 700 750 200 380

- Modern format for curve using
pump software

- Displays true multi-stage performance

The format on the right is a typical format for a turbine
pump curve as published using modern pump selection
software. In this module, we will provide you with a bit of
background on this format.

Because of expense and restrictions on actual space, you
can see that a great deal of information is included on the
hard copy curve page.
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The curve number, the pump model number, and the rated
speed will usually be included on the curve.
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Impeller Information
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Many pump companies include the impeller part number,  Thrust is a force experienced during pump operation,

the specific speed, and the thrust value. normally in a downward direction, that is exerted on the
impellers, the shaft and couplings, and the motor thrust
bearing. It can be many thousands of pounds of force and
must be accounted for during the pump and motor
selection process.
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Bowl Information

Here we can see information about the bowl geometry
such as maximum bowl! diameter, available discharge
sizes, and sometimes the standard material maximum

pressure.
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Also shown here is the lateral clearance in the bowl
assembly. What this means is that the vertical position
of the impellers within the bowls can be adjusted up and

down —in the case of this particular pump by 0.31inches,
or almost a third of an inch.

This clearance is designed into the bowl assembly mostly
to accommodate the shaft stretch that can occur with
deep set turbines. This topic will be addressed in detail

in a separate course on the process for deep well pump
selection.



Staging Derates
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Here we see what is known as derating based on the num-
ber of stages for a given pump. Remember, this is a single
stage pump curve from which we can calculate multistage
performance. The efficiency values shown here —which
peak at 77.5 percent near the center of the curve —are for a
pump with many stages. If we have a pump with very few
stages, the actual efficiency will be less than shown on the
curve. The reason is that we have a set amount of entrance
and exit efficiency losses regardless of how many stages
we have. When those losses are spread over many stages

the impact on performance of the complete machine

is very small. However, these losses can be a significant
portion of the whole when we have a limited number of
stages.

Note, for instance, that there is no derate for a six-stage
pump. So, a six-stage pump would have a best efficiency of
715 percent as displayed on the curve. However, if we have
only five stages, we must deduct one percentage point. So,
a five-stage pump would have a best Efficiency of only 76.5
percent. And a one-stage pump requires a derate of eight

percentage points meaning that a one-stage pump would
have a best efficiency of only 68.5 percent.

Generally, the maximum number of stages that will
require derating is eight or fewer for just about all turbine
pumps.

This derating is one of the key differences between a
vertical turbine pump curve and most other single-stage
centrifugal pump curves. And it impacts not only pump
efficiency, but also Brake Horsepower, as we will see.



Flow
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The X-Axis flow is used as the base for all other Y-Axis values, such
as head, efficiency, Net Positive Suction Head required, BHP —
which is Brake Horsepower. You locate the flow on the x-axis...
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Flow
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..and then read up to the intersection with the NPSH...
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Flow
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..and head arcs.

Note that staging derates are not applied to flow.

X



Pumping Head
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The values for pumping head appear on the Y axis.
Remember that the head displayed on this curve is for a
single stage. So, if you have a three-stage pump, you must
multiply the head shown by three. For example, if you were
searching for a pump that would provide 500 gpm ...
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Pumping Head
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... of flow at 141 feet of head, you could review the perfor-
mance of this curve. The flow rate of 500 gpm falls nicely
within the Best Efficiency range and may be a good choice.
The head at 500 gpm is 47 feet per stage...
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Pumping Head
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.. with full diameter impellers. Now you must divide the If you required only 132 feet of head at 500 gpm, the

required head of 141 feet by 47 feet per stage. That results three-stage pump would need only 44 feet per stage, since

in a three-stage pump with full diameter impellers. 132 feet divided by three stages is 44 feet per stage, and
therefore would require a small reduction in diameter.
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Impeller Diameter
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The trim is, nominally speaking, the outside diameter of
the impeller. The curve will always include the standard
pump trims, if multiple trims are available. Here the
maximum allowed trim is in red, the middle trim is in
blue, and the minimum published trim is green.

Most turbine pump manufacturers will permit trims
anywhere between maximum and minimum — although
many will limit the increments to one sixteenth of an inch,
or one eighth of an inch, or some other logical value.
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Efficiency

The efficiency of the pump is indicated here by iso lines.
It is important to check for efficiency derate points and
deduct if applicable.

Unless otherwise shown, the first efficiency line to the

left usually represents minimum continuous steady flow,
while the end of the curve to the right generally represents
runout flow.
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Brake Horsepower
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The BHP or Brake Horsepower, lines shown here indicate
the power load for a single stage. Be sure to multiply by
the number of stages that will be in your pump.

The values displayed are based on the minimum number
of stages required in order to eliminate the use of the
staging derates. In the case of this curve, it would require
six or more stages in order to eliminate the need to derate.
If staging derates are applicable because of fewer stages,

increase the BHP in accordance with the derates. While
there are at least two means of calculating this, the easiest
is to manually perform the BHP calculation, rather than
using the BHP arcs and then derating.

If you are between trims, use an interpolation
between the two values.

These values only represent the load placed on the line
shaft at the top of the bowl assembly. Additional loads
to be placed on the driver must be added. These include
horsepower losses from the line shaft assembly and the
packing or seal assembly if using an electric motor. If a
gear drive and engine or a belt drive assembly is to be
used, then the additional loads from the drive shaft or
belt assembly must be considered.



Net Positive Suction Head
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If there is only one NPSHr (en-pee-ess-aich-arr) curve
displayed, it is applied to all flows regardless of trim. NPSHr
is primarily based on the velocity of the fluid as it enters
the eye of the impeller - which generally does not change
with trim.

Note that some high-flow pumps experience a slight
volumetric deficiency or fluid recirculation in the gap
between the impeller and bowl diffuser at smaller impeller
diameters. This results in a slightly higher flow through the
impeller eye where NPSHr is generated than the

measured flow at the pump discharge. The result is a
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i
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perceived higher NPSHr for flows at the smaller impel-

ler trims because of the lost flow through recirculation.
Because of this phenomenon, some pump manufacturers
publish a higher NPSHr curve for the minimum impeller
diameter.



Performance Qualifiers
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This is where the pump manufacturer drives home the
point that the published curve is based on lab conditions,
pristine water, and no stray losses.



Guaranteed Performance
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Here it is stated that only the single rated point is
guaranteed. If more than one guaranteed operating
point is desired, separate discussions must be held
between the buyer and the manufacturer.
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Electronic Format

X

300
4 85 in I Performance based on test acceptance -
270
240
210
g 180
B 10
T
120
80
[:01]
30
0
= 100
i NPSHr
E /
ih B0
o
Z 0
32
=% —‘-'-'\\\
= 24 /— ——
.g 18 _________..——-—"'__
o
o s
0
a 50 100 150 200 250 300 350 400 450 500 550 GO0 GE0 Too 750 &00 50

The electronic curve has some unique characteristics that
make it somewhat easier to use. First and foremost, it
displays Total Dynamic Head based on the total number of
stages, and not that for just a single stage pump. Next, the
impeller trim reflected will be the actual trim —so there is
no need to interpolate. Also, the efficiency derating for a

limited number of stages is taken care of by the software
—so there is no need to make manual deductions. And
finally, the Brake Horsepower that is displayed is based on
the total number of stages, and the influence of efficiency
derating has already been incorporated. Again —there is
no need to make manual calculations.

One minor downside to some turbine pump software-
based curves is the fact that you may need to navigate to
associated data tables to find certain types of information
that are already present on the hard-copy curve.
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