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▪ Diploma as Mechanical Engineer (Energy and Automotive)

▪ 4 years as development engineer for combustion engines at 
Fiat Powertrain Technologies

▪ Joined Sulzer in 2013 as Project Support Engineer

▪ Diploma as Pump Engineer 
(TU Graz, TU Berlin, University Erlangen-Nürnberg)

▪ Technology Center Winterthur specialist for HPRT selection and 
applications

▪ Contact card:

Otmar Müller
Senior Application Specialist
Flow Division
Sulzer Management AG
Neuwiesenstrasse 15
8401 Winterthur, Switzerland
Phone: +41 52 262 39 30
otmar.mueller@sulzer.com

Otmar Müller
Senior Application Specialist, Fluid Technology, TC Winterthur, Switzerland

mailto:otmar.mueller@sulzer.com
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▪ Introduction

• What is a Hydraulic Power Recovery Turbine?

• Turbines overview

• Why is a HPRT needed?

▪ Applications and configurations

▪ Turbine performance

• 4-quadrant

• Curves and ranges

• System interaction

• Testing

▪ Summary

Agenda
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▪ A pump running as a turbine is called HPRT, it works in reverse direction of flow and rotation

▪ The pump converts mechanical energy into fluid energy

▪ The HPRT converts fluid energy into mechanical energy

▪ The pump discharge nozzle becomes the HPRT inlet

▪ The pump suction nozzle becomes the HPRT outlet

What is a Hydraulic Power Recovery Turbine?
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Turbines overview
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▪ For systems where a pressure reduction of a
fluid is required for a subsequent process step

▪ The pressure reduction can be achieved by
using throttling valves or flow orifices
→ waste of energy

▪ The HPRT can replace the throttling device
→ power recovery 
→ increase of the overall system efficiency
→ increase of system complexity and costs

▪ Advantages of HPRT compared to conventional 
turbines:

• less space requirement

• lower costs (e.g. no adjustable guide vanes)

• short delivery time – «out of the shelf»

• train package

• API requirements

Why is a HPRT needed?

Process ‘A’
(High Pressure) 

Process ‘B’
(Low Pressure) 

HPRT
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Typical applications where Sulzer provided HPRT 
packages:

▪ Natural gas treating plants
e.g. gas sweetening process removing H2S
and CO2 with lean amine

▪ Refineries and petrochemical plants
e.g. hydrocracking and -treatment

▪ Fertilizer plants
e.g. potassium carbonate service

▪ Mining

▪ Small hydro power plants

Applications

Example: Gas Sweetening
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HPRT Configurations
HPRT Expander Trains

HPRT

Electric Motor

▪ In this example the HPRT is 
supporting the motor driving another 
pump

▪ The HPRT and motor are connected 
by an overrunning clutch coupling

▪ Economic justification is the savings 
in electrical consumption through the 
equipment life period

▪ During plant start up the motor is the 
sole driver until pressure source for 
the HPRT is available

Pump

Clutch

High pressure 
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Low pressure 
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HPRT Configurations
HPRT + Pump

▪ In this example the HPRT is driving another pump

▪ Economic benefit is power savings from removing 
the need for a motor 

HPRTHPRT

High pressure 
source

Low pressure 
destination
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HPRT Configurations
HPRT + Generator

HPRT

Generator

Gearbox

▪ In this example the HPRT is driving a generator

▪ Gearbox provides speed protection of the generator

▪ Electricity can be used in the plant or sold to energy 
grid for profit

Low pressure 
destination

High pressure 
source
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HPRT performance – 4-quadrant

General charateristic Dimensionless representation 

▪ Suter, a SULZER engineer 

proposed dimensionless 

parameters in 1966

▪ Represents all conditions of 

operation in one continuous 

curve without any singularities

▪ Used for analysis of system 

transients

▪ Performance curves for all 

operating conditions

▪ General modes of operation

[Dr.-Ing. Johann F. Gülich, Centrifugal Pumps, 2nd edition, 2010]
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HPRT performance – curve and range
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System interaction
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Testing

Test Standard

▪ Test tolerances for HPRT only in standard
API 610 Annex C

➢ Q(test) +/-5% @ H(rated), P(test) > P(rated)

General requirements

▪ Additional pump required to provide the 
hydraulic energy for the HPRT to be tested

▪ Complex loop and control strategy

➢ Higher costs for FAT
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Pros

+ System efficiency improvement

+ Reduction of the CO2 footprint, tax savings

+ Compact, whole package on one baseplate

+ Cost-effective solution

+ Short delivery time

+ API requirements

Summary and Conclusions

Cons

- Narrow operating range

- High run-away speed

- Large effort on testing
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Thank you for your attention ☺

Q & A
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