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Introduction
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Low-speed compressor
speed range approx 300-600 rpm

High-speed compressor
speed range approx 600-1800 rpm

Market overview and applications
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FOOD&BEVERAGE

OIL&GAS

HEAVY GAS DUTY

HIGH SPEED

LOW SPEED

API618
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Standards and Guidelines
• API Standard 618, 5th edition (2007):

– “Reciprocating Compressors for Petroleum, Chemical, and Gas Industry 
Services” , application area: low to moderate speed compressors

– Despite the fact that the compressor speed is not explicitly defined, it is 
used for high and low speed compressors

• ISO Standard 13631, 1st edition (2002)
– “Petroleum and natural gas industries —Packaged reciprocating gas 

compressors”

– Is based on API specification 11P second edition (Nov. 1989)

– Compressor speed is not defined

• ISO Standard 13707, 1st edition (2000): 
– “Petroleum and natural gas industries — Reciprocating compressors”

– identical to 4th edition of the API 618, hardly used and an updated
version is not expected
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Standards and Guidelines
• API Standard 11P, 2nd edition (1989/R1999)

– “Specification for packaged reciprocating compressors for oil and 
gas production services”

– became obsolete and was replaced by ISO 13631

• GMRC Guidelines
– High‐Speed Reciprocating Compressor Packages For Natural 

Gas Transmission & Storage Applications”, (updated in 2017) 
High‐speed defined as ≥700 rpm

– “High-Speed Compressor Package Guideline for Field Gas 
Applications, 2017 (This will be used as a reference for 
development of a new API-11P specification)

– Guideline and Recommended Practice for Control of Torsional 
Vibrations in Direct-Driven Separable Reciprocating 
Compressors” (2015)
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Design differences
low-speed versus high-speed

• Compressor valve design 

• Volumetric efficiency

• Footprint and mechanical design

• Cooling design

• Pulsation and vibration control
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Compressor valve design
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• Impact velocity may increase with increasing compressor speed 

• The efficiency depends on the performance of the suction and 

discharge valves

• Valve performance may be more critical for high-speed compressors, 

due to the increased frequency of valve impact, higher impact 

velocities and reduced flow area

• Material selection is essential (PEEK material is preferable for high 

speed because it allows higher impact velocity)

Valve picture courtesy of Dott. Ing. Cozzani
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Influence on volumetric 
efficiency

September 13th 2018

• Cylinder, plenum, valves need to be properly 

designed in order to consider the gas velocity and 

relative losses 𝑓 𝑣ଶ

• Often short stroke/high speed machines have 

larger relative clearance and lower efficiency

• More valves of smaller size and smaller lift may 

be considered

• Losses may increase as well, flow evaluation 

more critical

• Rod loads may be influenced

Cooling design and 
thermodynamic efficiency
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• Higher compressor speeds  locally 

more heat generated due to friction

• High speed in combination with 

smaller stroke  smaller contact area 

and reduced heat exchange

• Careful design mandatory

WATER CHAMBER
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Footprint and mechanical 
design

• High-speed compressor is typically matched with a driver, coolers, controls, 

and piping, on a single skid.

• Advantage for small footprint/mass: e.g. offshore applications. 

• (E-motor size roughly equal)

HIGH SPEEDLOW SPEED
September 13th 2018

Free forces and moments
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• Higher compressor speeds  higher 
amplitudes and frequencies of the free 
forces and moments (amplitudes are 
squared with speed) 

• Risk on higher vibrations
• Careful design of foundation, skid and 

mounting is essential
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Small branch connections
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• Small Bore Connections are very sensitive to fatigue failure

• The vibration and cyclic stress level of the SBC can exceed allowable 

levels even in case the main pipe vibrations are acceptable

• Caused by excitation of a mechanical resonance

• Increased risk on excitation for higher compressor speeds

Pulsation control
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• Uncontrolled pulsations may lead to high vibrations, issues with compressor 

valves, negative effect on efficiency etc.  

• High-speed compressors imply high-frequency pulsations

• Risk on acoustic resonances increases due to the shorter wavelengths

• Particular attention with VSD up to high speeds 

• Higher speed  acoustic resonances at lower orders, 

which have a higher amplitude

• API 618 criterion is more strict for higher frequencies 

• Special control may be required for high-speed machinery
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Pulsation control

• High-speed compressors may require 
different (complex) pulsation damper 
design

Multi-chamber concept 
(Helmholtz-filter) may be 
very effective at high 
frequencies, but not at 
low frequencies
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Pulsation control

• API 618 criterion, for field piping, is stricter 
for higher frequencies

– High-frequency pulsations may more easily excite acoustic 
resonances in the pipe system and inside the compressor

– Increased risk on integrity issues with compressor valves

– Increased risk on coincidence with mechanical resonances

– High-frequency vibrations are more difficult to control
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Acoustic resonances
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300 rpm, 200mm stroke
At high order of compressor speed
9 bar peak-peak

600 rpm, 100mm stroke
At lower order of compressor speed
18 bar peak-peak

API 618 limit
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HF resonance effect, may be 
more harmful than 2nd order
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Pulsation control

• High-speed compressors may require 
special orifice plate design
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Multi-hole orifice may be more effective to suppress 
high-frequency pulsations.
Location of orifice plate is more critical in case of 
high-frequency pulsations

Vibration control
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• Higher flows, pressures and compressor speeds  higher 
vibrations

• High-frequency vibrations  more difficult to mitigate with 
traditional methods such as:

• Stiffening structures
• Installation of pipe supports
• Installation of dampers

• Mitigation of high-frequency 
vibrations with stiffer and heavier 
structures can be very challenging 
due to:
• Limited space
• Absence of stiff structures in the 

vicinity
• High elevated structures

Example of a stiff structure
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Rod load, reversal, lubrication

September 13th 2018

• Higher speed  load capability of hydrodynamic 
bearings (+)

• High speed  higher mechanical losses at 
bearing/crosshead (-) 

• High speed may increase oil consumption (-) 
• High speed may need more rod load reversal (-)

ACCURATE DESIGN IS REQUIRED
It is not possible to adopt parts in a 
“plug&play mode” from low-speed 
machines

High-speed compressor

Low-speed compressor

Driver design
• Most common:

– Low-speed: E-motor

– High-speed: E-motor or gas engine

• Direct coupling is typical for both application over 250 kW

• Torsional vibration analysis may be more challenging for high-speed, 

variable speed compressor (VSD)

• Challenging to achieve critical speeds 

separated from possible mechanical 

and electrical excitation sources)
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Maintenance aspects
• Wear of parts depends on piston speed and rotating speed

• Upstream and midstream applications are typically driven by a natural gas-fueled 

engine that requires frequent service interventions so a reduced MTBM for HS 

compressor is not so critical.

• The required reliability for a downstream compressor is extremely high so that a 

lower speed is mandatory.

• In general, low skid compressors are not packaged→ easier accessible than high 

(compact) packaged speed compressors
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Accessibility
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Low speed compressor High speed compressor
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Conclusions
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• Low-speed and high-speed compressors have various design 
aspects that may be different.

• Both compressor types have their own advantages and 
disadvantages

• Also different guidelines and standards exist for low-speed and 
high-speed compressor systems.

• Design aspects cannot be simply ‘interchanged’.

• Each case shall be carefully optimized on the specific working 
conditions and each component must be carefully sized

• Robust engineering tools are available for both compressor 
types.


