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Rotodynamic pumps
How does axial thrust compare amongst different impeller types for a rotodynamic 
vertical pump?

The net axial downthrust force is carried by the pump shaft. 
The shaft will stretch, i.e., elongate, under this load. Before 
the pump starts up, any stretch that occurs is due to rotor 
weight, the sum of the static forces. The thrust load will 
increase after the pump starts up due to the addition of the 
dynamic forces. 

The dynamic forces creating thrust on a vertical turbine 
pump enclosed impeller (Figure 1) are due to the difference 
in pressure distributions on the upper and lower shrouds 
along with the force from the change in momentum of the 
flow through the impeller.

Figure 1: Enclosed impeller plain top shroud

The semi-open impeller (Figure 2) has only an upper 
shroud. The difference in pressure distributions along both 
the backside and the vaned side of the shroud is typically 
greater than between upper and lower shrouds of an 
enclosed impeller. Semi-open impeller axial thrust is higher 
than that of the enclosed impeller.

The axial flow pump impeller (propeller) has no upper or 
lower shroud; vanes are attached directly to the hub. The 
axial thrust generated is primarily from dynamic forces 
created by interaction of the propeller vanes with liquid.

The impeller back ring with balance holes configuration 
(Figure 3) reduces the axial thrust. Back rings may be cast 
integrally into impellers with a top shroud. They are used 
when pump total axial thrust requires reduction. The flow 
through balance holes in the impeller hub shroud, combined 
with the leakage past the balance ring, reduces efficiency. 

Figure 2: Semi-open impeller

The exact efficiency reduction depends on the individual 
design and pump size and specific speed. The effect of 
increased leakage through clearances due to wear of the 
back ring arrangement may be an increase in downthrust 
and should be considered in sizing the thrust bearing.

Figure 3: Enclosed impeller with back ring and balance 
holes.
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What is a foot valve? In what pumping application would one be used?

Foot valves are specially designed check valves used at the 
inlet of the suction lift line to maintain pump prime, by 
maintaining liquid over the first-stage impeller (Figure 1) 
Foot valves are designed to open with very little pressure 
differential across the valve. 

They should be installed in a vertical orientation (or they 
may not work), below the top of the waterline, and the 
end of the inlet (suction) line should be at least four pipe 
diameters below the top of the water level. This will 
maintain a primed condition in the inlet line. The foot 
valve and pipe should be sized to minimize inlet line losses 
that will maximize the NPSH available to the pump. 

Problems with leakage and failure to close may be 
encountered where solids are present in the liquid. 
Therefore, foot valves may be limited to pump installations 
where pump nonperformance due to foot valve failure 
does not place the user at high risk. It is important to note 
that unless a suction pressure relief is fitted, pumps must 
have the suction side designed to contain the maximum 
allowable working pressure of the pump, plus any 
hydraulic shock loading or water hammer due to sudden 
foot valve closing. 

In vertical pumps, foot valves may be used at the inlet of the 
bowl assemblies for well pumps to keep the column pipe 
filled, to prevent backspin, and prevent well disturbance 
from rapidly draining water. This practice is very limited 
and occasionally used on small, less than 5-hp (3.7-kW) 

pumps, with less than 100-ft (30-m) settings and 50-psig 
(345-kPa) surface pressure. The user is also encouraged to 
check with the vertical turbine manufacturer for warranty 
ramifications when using a foot valve.

Source: Hydraulic Institute www.pumps.org

Figure 1

Corrosion monitoring is an important aspect of maintaining 
a pump’s reliability. Visual inspection is the easiest and 
most economical method of monitoring corrosion, and 
most forms of corrosion can be detected by this method. 
However, stress corrosion cracking usually occurs without 
any visible signs, thus resulting in a sudden and sometimes 
catastrophic failure. 

Visual inspection of pump internals can reveal the degree 
of general corrosion occurring as well as signs of localized 
corrosion, such as pitting and crevice corrosion. Particular 
attention should be given to complete inspection of 
fasteners as corrosion often takes place in areas hidden from 
view. Pressure boundary leakage may expose nonwetted 
fasteners to corrosive pumpage.

Visual inspection can be supplemented with dimensional 
checks of key components, which can then be used to 
calculate the amount of general corrosion that the pump is 
experiencing. Because most pump manufacturers provide a 
corrosion allowance in the design of their equipment, the 
amount of dimensional change over a given time increment 
can be projected into the remaining life of the pump.

Other methods of monitoring include corrosion by electrical 
resistance (ER), corrosion by linear polarization resistance 

(LPR), and corrosion by ultrasonic thickness measurement 
(UTM). Checking corrosion by ER involves taking a 
measurement of the increasing electrical resistance of a 
metal probe as its cross section is reduced by corrosion. 
ER probes can provide a reasonable degree of accuracy for 
general corrosion but they are not useful for localized forms 
of corrosion, such as pitting.

Checking corrosion by LPR involves the measurement of a 
current response to an applied potential through probes that 
are inserted in the system. A small known pulse of DC voltage 
is supplied to a test electrode and the resulting current is 
measured. The current generated is proportional to the 
corrosion rate, which can be determined by electrochemical 
principles. To use the LPR method, a conductive liquid is 
required.

Although not as accurate as the other methods, UTM can 
also be used to monitor corrosion on a periodic basis. To 
use this method, a baseline reading should be obtained at a 
specific location on the pump casing or cover plate. Then a 
series of measurements can be made at this same location 
over time and the metal loss per unit time calculated.

How can I monitor the level of corrosion within a rotodynamic pump?


