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C
entrifugal pumps are the most common, account-
ing for as much as 90% of all liquid transfer 
applications. Within that category, though, there 
is a wide variety of types and models. 

A common one is the horizontal single-stage cen-
trifugal pump including the famous back pull-out ver-
sion. It allows the rotor to be removed towards the 
driver (usually an electric motor) without disturbing 
the suction or discharge piping. This type of pump is 
used in many different types of service in small and 
medium sizes. 

But there are many other types of centrifugal 
pumps including horizontal multi-stage centrifugal 
pumps, different models and types of vertical pumps, 
and ⇒ re pumps, covered later in this article. 

Given this great variety, it can be a challenge to 
select the optimum pump for each application. Both eco-
nomic and technical considerations play their part in the 
correct selection and operation of centrifugal pumps. 

Key parameters
The initial steps in the selection and sizing concern the 
type of pump and the number of stages that are needed 
to meet a given set of operating conditions: these are 
usually ⇓ ow-rate range, head, Net Positive Suction 
Head Available (NPSHA) and the density of the liquid. 

If the pump can meet several such sets of operating 
conditions, one set should be chosen as the rated point 

which should be located as closely as possible to the best 
ef⇒ ciency point (BEP). All other operating points should 
lie within the acceptable operating range of the selected 
pump, preferably within a short distance of the BEP. 

Making the proper choice may, of course, require 
some iteration. This might involve making a trial 
choice, conducting preliminary selection and sizing, 
and then determining the corresponding pump perfor-
mance characteristic curves. These steps may well 
need to be repeated. 

Pump speed should be determined at an early stage 
in the selection process. Selection of the highest prac-
tical speed is often desirable because it yields the 
smallest size and usually the lowest cost and the easi-
est containment of system pressure. 

Ef⇒ ciency, too, is usually improved with greater 
speed. However, bear in mind that higher speeds 
might reduce the life of components, such as seals or 
bearings, as well as overall reliability. Careful consid-
eration must be given to ⇒ nding the optimum speed 
for each pump. 

The next step is to de⇒ ne the approximate size of 
the pump, beginning with the impeller. This closely 
relates to the proportions of the velocity diagrams that 
correspond to the geometry of impeller and pump 
associated with the desired value of speci⇒ c speed. 

These, in turn, lead to two major sizing factors for 
an impeller, which are usually plotted and available for 
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typical commercial pumps; namely “head coef⇒ cient” 
and “⇓ ow coef⇒ cient.” 

Pump dimensions
Overall pump diameter is conveniently viewed in 
terms of a factor times the impeller diameter. As a 
very rough indication, this factor or ratio (Dpump/
Dimpeller) might be somewhere between 1.35 and 1.7. 

For single-stage pumps, the casing will include a 
volute and perhaps a set of diffuser vanes immediately 
surrounding the impeller. Therefore, the casing diam-
eter can be 50% (or more) greater than the impeller 
diameter (the ratio is typically around 1.5 or higher). 

On multistage pumps with many radial-out⇓ ow 
diffusers and return vanes, this excess is often less 
than 50% (a ratio of less than 1.5).

As another rough indication, the axial length of a 
stage in a multistage pump is often less than half of the 
impeller diameter. Minimizing this stage length and 
consequently the overall dimensions is important for 
pump optimization. 

This helps to achieve a lighter, more compact and 
lower-cost pump. However, too small a stage length is 
accompanied by inferior hydraulic performance and 
other problems. 

Where the stage length is small, not enough room 
is provided for the passages around and within the 
impeller to turn the liquid with minimal loss. Further, 
the bearing housings and the suction and discharge 
heads (or end pieces), as well as other components 
should be considered in arriving at the overall length 
of a multistage pump.

System interaction
The ability for a pump to run smoothly with minimal 
pressure oscillations and f low-rate excursions is 
dependent upon the shape of the pump’s head-⇓ ow 
performance curve as well as the characteristics of the 
system in which it operates. 

There are two basic types of instability: static insta-
bility and dynamic instability. Static instability can be 
determined by studying the pump and system head 
curves. Dynamic instability requires more detailed 
knowledge of the pump and the connected facilities. 

In addition to these system-related instabilities, 
there are instabilities related to the pumps themselves. 
For instance, there is the unsteady behaviour of sepa-
rated and recirculating ⇓ ows that occur when a pump 
operates at ⇓ ow rates substantially below the BEP. This 
is called hydraulic instability which becomes even more 
important in higher-energy and high-pressure pumps.

If the system has appreciable capacitance, opera-
tion may not be stable if the slope of the pump head-
⇓ ow curve is positive or zero. These are translated to 

drooping and nearly-⇓ at curves, respectively. 
In way of a simplified explanation: for such a 

pump, a small change in head is associated with a 
large change in the ⇓ ow-rate. Also, there are risks of 
oscillations in drooping curves. 

Dynamic instability takes place basically when ⇓ ow 
rate oscillates through the pump. This is mainly a char-
acteristic of so-called “soft systems.” Examples are sys-
tems which contain vessels or tanks with free surfaces, 
or similar equipment with appreciable capacitance. 

Two-phase ⇓ ow increases the capacitance of a sys-
tem and can cause dynamic instability. 

On the other hand, so called “hard systems,” which 
are piping systems with no capacitance, might be capa-
ble of accommodating a pump that has a nearly-⇓ at (or 
drooping) performance curve and that operates on that 
nearly-⇓ at or drooping section of the curve. 

However, this is theory and there can be practical 
issues and problems. Therefore, these cases should be 
avoided. Always give preference to pumps with proper 
curves and correctly selected (negative) slopes. 

In addition, thorough checks and veri⇒ cations are 
needed for any pump. As another indication, relatively 
low speci⇒ c-speed pumps can potentially have droop-
ing curves, especially if provided with a high-head 
coef⇒ cient. 

Fire water pump selection 
Fire pumps play a major role in plant safety and reli-
ability. The well-known API-610 pump standard 
should be used for the selection of reliable and 
high-performance pumps in oil, gas, re⇒ nery, chemi-
cal and petrochemical plants. 

API-610 is usually considered the minimum spec-
i⇒ cation for pumps that are handling hazardous, ⇓ am-
mable, toxic and explosive liquids since any reliability 
issue or small incident could result in a disaster. 

API-610 pumps are also popular in extreme tem-
perature services including some critical water ser-
vices such as boiler feedwater [BFW] pumps or low 
temperature applications such as lique⇒ ed petroleum 
gas (LPG), liquid oxygen and liquefied natural gas 
(LNG). 

For critical, high-risk industrial units, ⇒ re pumps 
are usually speci⇒ ed to comply with API-610 to achieve 
a high reliability level like other pumps in the unit. 

Another important pump code, often employed for 
chemical or utility services, is the ANSI standard. But 
there are some essential differences between ANSI 
pumps and API pumps. 

Radial pump design. 

Courtesy of CFturbo
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An ANSI pump casing is usually foot-
mounted. This limits the allowable thermal 
growth/movements. An API pump casing 
is typically centerline mounted, which 
allows for more casing thermal growth/
movement. 

There is always debate about whether 
to use API-610 fire pumps or not. The 
⇒ nal decision may depend on the applica-
tion, or parameters such as pump head, 
power rating, capacity, pump speed and 
expected reliability. 

For a horizontal-type ⇒ re pump with 
differential pressure of more than 18 Barg, 
API-610 is often speci⇒ ed. There are, how-
ever, many non-API ⇒ re pumps available 
with successful references for high power 
levels over a wide range of applications. 

For critical plants, API-610 should be 
considered above the 350 kW range. Non-API high-
speed pumps usually are not popular for speeds above 
4,000 rpm. An API ⇒ re pump is a better option. 

Different standards exist for ⇒ re pumps around the 
world. For example, the primary and legally prescrip-
tive ⇒ re pump code in Australia is AS 2941. The main 
code that governs fire pump installations in North 
America is the National Fire Protection Assn.’s NFPA 
20, particularly for the installation of stationary ⇒ re 
pumps for ⇒ re protection. The American NFPA 20 
standard is used as an applicable standard in many 
other countries, too. 

Fire pumps are tested and listed for use speci⇒ cally 
for ⇒ re service by third-party testing and listing agen-
cies. The NFPA standard relies upon product safety 
and performance veri⇒ cation by Underwriters Labo-
ratories (UL) and Factory Mutual (FM). 

Based on NFPA, all fire protection pumps and 
pump packages should be UL and FM approved, and 
meet the NFPA 20 standard.

Some standards in other countries differ from 
NFPA 20 by requiring technical compliance and com-
plete unit testing at the manufacturer’s works, rather 
than having pre-approved equipment. 

Strict compliance to NFPA 20 may in many 
instances preclude the use of API-610 pumps as they 
are usually custom engineered units and not amenable 
to the pre-approval process required by the standard. 

On some applications, though, ⇒ re pumps are so 
large that they cannot be listed as UL and FM 
approved. In such cases, pumps should be inspected 
and certified by a selected third-party inspection 
agency. In other words, all designs, inspections and 
testings should be carried out at the manufacturer’s 
of⇒ ce(s) and workshop(s) for each pump should be cer-
ti⇒ ed by a selected third-party agency. 

Fire pump drivers
Electric motors and diesel engines are used as drivers 
for ⇒ re pumps. The driver should be sized for and have 
enough power to operate the pump train at all rated 
and operating points. 

This includes the end of the pump curve. For elec-
tric-driven pumps, a backup source of power should 
be provided independent of the normal power supply. 
This improves the reliability and availability of the ⇒ re 
pump system.

Further, diesel engine drives require great care in 

selection, sizing and other details. It should be noted 
that many diesel engines have been undersized for ⇒ re 
pump applications. 

Factors, such as ambient temperature, elevation 
and degradation, should be considered. As a rough 
indication, a deduction of 1% of the engine horsepower 
rating should be considered for every 5°C above 25°C 
ambient temperature. 

Engines are often connected to horizontal shaft 
pumps by means of ⇓ exible couplings or ⇓ exible con-
necting shafts. Diesel engines should be provided with 
a governor capable of regulating engine speed within 
a range of 10% between shutoff and the maximum 
load condition of the pump. The governor should be 
⇒ eld adjustable and set and secured to maintain the 
rated pump speed at the maximum pump load. 

Fast start-up is an important requirement. Engines 
should accelerate to the rated output speed within less 
than 15 seconds. For large engines, this start-up time 
might be 25 to 30 seconds.

Gear units, too, are often needed to match the 
speed of the driver and ⇒ re pump. A gear unit is par-
ticularly needed for many diesel engine-driven pump 
trains. For trains that include a gear unit, complete 
dynamic studies (including lateral study, torsional 
analysis, overall dynamic study and others) are needed 
to ensure there are no damaging stresses or critical 
speeds within 20% above and below the operating 
speed of the pump and driver. 

This is particularly applicable for large ⇒ re or ver-
tical pumps. Large diesel engine-driven vertical 
pumps nearly always contain gear units. They present 
challenging dynamic behaviours. 

This is also true for variable-speed fire pump. 
These engines are often connected to vertical shaft 
pumps by means of a right-angle gear drive with a suit-
able ⇓ exible connecting shaft. This helps to prevent 
undue strain on either the engine or the gear drive. ■

Ease of maintenance is another consideration in pump selection 

Courtesy of Sulzer
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P
lacing electrical variable 
frequency drives (VFD) 
topside on an oil & gas 
platform is a challenge 

due to space and weight limita-
tions. To overcome this, subsea 
variable speed drives, either 
electrical or mechanical, are 
currently in development and 
quali⇒ cation. 

For electrical subsea VFDs, 
the pressure load at deep water 
depths is a major issue. Further-
more, subsea pump motors are 
liquid-filled for pressure com-
pensation. These motors gener-
ate a large amount of heat loss 
when running at the high speeds 
needed by process pumps.

A subsea torque converter 
with embedded speed increasing 
functionality can run high speed 
process pumps driven by a con-
stant speed motor at lower speed. 
When integrated into a sea⇓ oor 
pump module, this helps to 
resolve these issues without the 

SUBSEA TORQUE 
CONVERTER 
HOW TO IMPROVE PUMP PERFORMANCE FOR SEAFLOOR 

BOOSTING AND WATER INJECTION 
BY THOMAS TAEUBER

Figure 1: The torque converter consists of a pump, turbine and guide 

wheel with adjustable guide vanes. 

Figure 2: The torque converter can be arranged between a 

fi xed speed motor and the pump. There it replaces the 

connecting coupling, adding a negligible extension of the pump 

housing. 
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need for electrical VFDs. Another bene⇒ t is that you 
can service multiple subsea pumps with a single 
cable at constant AC-frequency, even though each 
unit can operate at its individual speed setting.

Torque converters are hydrodynamic transmis-
sion units that continuously control the torque and 
speed between their input and output shaft. The heart 
of the device is the hydraulic circuit, consisting of 
pump, turbine and guide wheel with adjustable guide 
vanes (Figure 1). 

The mechanical energy of the motor is converted 
into hydraulic energy through the pump wheel. In the 
turbine wheel, the same hydraulic energy is con-
verted back into mechanical energy and transmitted 
to the output shaft. 

The adjustable vanes of the guide wheel regulate 
the mass ⇓ ow in the circuit. With closed guide vanes 
(small internal mass f low), power transmission is 
minimal; with open guide vanes (large internal mass 
⇓ ow), the power transmission is at its maximum. 

Power is transmitted by the kinetic energy of the 
operating ⇓ uid, without any mechanical connection 
between the driver and the driven machine. This pro-
tects the motor and umbilical if sudden load changes 
occur (e.g., slugs in the pipeline) without the need for 
control system intervention. Further shock and vibra-
tion damping is achieved over the entire speed range.

The torque converter is arranged between a ⇒ xed 
speed motor and the pump (Figure 2). The arrange-
ment can either be vertical or horizontal. Its output 
speed is controlled by applying an analog 4 to 20 mA 
or digital signal from the master control system to the 
guide vane actuator system. 

A compact rotary guide vane actuator moves the 
guide vanes, providing speed control. The guide vane 
actuator system is controlled via a Voith Subsea 
VEHS 4/3 way-valve (Figure 3), based on a topside 
design. The master control system typically uses 
pressure or ⇓ ow as an input to compute the input sig-
nal and increase or decrease pump speed via the 
torque converter. 

The pump train with the torque converter can be 
incorporated in a closed control loop. The adjust-

able guide vanes allow continuous speed control of 
the pump.

Unloaded motor start 
The torque converter allows starting of the motor and 
the pump separately. Closed guide vanes allow a 
no-load startup of the motor, even at high powers and 
long step-out distances. Once the motor is up to full 
speed, the guide vanes can be opened to accelerate 
the process pump smoothly. 

The combination of pump impeller, turbine wheel 
and guide vanes is selected to run the output shaft at 
higher speed than the input shaft. This facilitates pro-
cess pump speeds of up to 6,000 rpm driven by a 
constant 3,600 rpm 2-pole motor. A further design is 
in development for ef⇒ ciency optimizations for speed 
ratios larger than two. 

Operating fl uid 
Torque converters are typically operated with min-
eral or synthetic oils. To increase power capability 
and reduce cooler sizes, the subsea torque converter 
operates with a water and glycol mixture that is typ-
ically used as a cooling and barrier ⇓ uid for liquid 
⇒ lled subsea motors. 

Therefore, no additional ⇓ uid needs to be incorpo-
rated into the system. High power density results in 
seabed variable speed pumps in the 1 to 12 MW range.

Together with pilot customer FSubsea AS, Voith 
has tested a full-scale subsea torque converter. In the 
next steps, it will be assembled into the customer’s 
pump module to be quali⇒ ed for seabed installation. ■

Thomas Taeuber is product manager 

for geared variable speed drives at 

Voith Turbo, which is a specialist for 

intelligent drive technology, systems 

as well as tailor-made services. For 

more information, visit voith.com

Figure 3: The Voith Subsea VEHS 4/3 way-valve 

controls the guide vane actuator system 
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