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Abstract:
Capacity control of reciprocating compressors is essential for process control parameters. Common 
practice is to use recycle valve, variable speed control, suction valve on/off unloaders or clearance 
pockets to regulate compressor output. Stepless unloading systems based on electro-hydraulic actuators 
are the advanced approach for demanding process control leveraging high energy savings. Over the last 
years attractiveness of fully electrically actuated systems has increased significantly with decrease in cost 
of power electronics and availability of powerful processor technology. This is in line with the current 
industry trend of replacing fluid based actuation systems with electric ones. This development does 
not stop at control systems for reciprocating compressors and leads to the emergence of fully electrical 
control systems. Electrical actuators are considered as cost efficient, easy to handle, oil-free and low-
maintenance. This paper presents the first pilot installation of a new all-electrical control system on a 
two stage, two cylinder process gas compressor in a technical gas plant in France. This article describes 
the requirements on such a system from an operator perspective and the motivation to replace the old 
pneumatic system.  A brief overview of the process plant and details of the compressor is provided. A 
short overview about the working principle of the new type of all-electrically driven hybrid actuator will 
be given. Bullet of this paper are the efforts for conversion of existing pneumatic to the new all-electric 
control system from the planning phase to the commissioning in terms of mechanical, electrical and 
DCS implementation. This paper will close with a resume about the operators experience of the new 
electric system in comparison with the old pneumatic system.

One year’s successful industrial test of a 
new all-electric capacity control system
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Abstract:
This paper addresses the question of which compressor type is better suited to a given application – 
reciprocating, centrifugal or rotary screw - with the screw being subdivided into oil-free and oil-
flooded types. The application guidelines will be addressed from the standpoint of reliability, cost, 
efficiency, size, and other more general application parameters such as molecular weight, compression 
ratio, and turndown capability. Also included in the discussion is an end-user’s perspective on several 
non-technical issues that might impact the compressor selection for a given project. This paper was 
previously published for the Turbo Symposium in 2016 - see reference 7. It has been revised due to size 
limitations.

Your Gas Compression Application – 
Reciprocating, Centrifugal, or Screw?
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Jonathan Sutter
Application Engineering
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Jeannette, PA, USA

jsutter@elliott-turbo.com

Ben Williams
Application Engineering
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by:

Abstract:
Hydrogen compression is one of the key areas of refinery processes where the application of reciprocating 
compressors is required. Recent refinery investments trend is to maximize the plant size reducing as 
much as possible the time between the investment decision and the plant start-up. With such target in 
mind compressor OEMs are required to develop capability not only to design and manufacture large 
reciprocating compressors but also to design and produce larger packages (modules) to simplify and 
shorten the installation activities.
This paper provides a deep description of the design process developed by BH Nuovo Pignone to support 
the new market demand to supply a large reciprocating compressor fully packaged, here named modules.
Package applications with large reciprocating compressors have been seen in this industry for several 
years, however those were typically limited to the bare compressor while the process components 
like pressure pulsation dampeners 6 and auxiliary systems were installed on foundation block. The 
new developed reciprocating module design capabilities allow BH Nuovo Pignone to supply large 
reciprocating compressors fully packaged integrating on the skid all key process gas equipment, auxiliary 
components as well as control panels and instrumentation racks so that the field installation activities are 
minimized, see Figure 1.

Large Reciprocating Compressor Modules
A new integrated design process 

to minimize all risks related to this 
challenging application
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Figure 1 - skid design with a big frame, dampers, gauge board and oil console. Off-skid motor
The main technical barrier to overcome to design and build a reliable fully packaged large reciprocating 
compressor solution, is to avoid vibration issues that may heavily affect the plant availability and reliability with 
potential implications in creating hazardous scenarios. Since large reciprocating compressors typically have high 
gas loads, potentially high unbalanced forces and torques, moving mass and static parts that are very high in 
conjunction with a big overall foot-print of the module, the design challenge is tremendous and to succeed it need 
a large experience and the availability of tailored and integrated design tools is required.
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Abstract:
When reviewing the major threats to reciprocating compressor performance reliability, substandard 
maintenance practices and loss of operating efficiency have profound negative impacts on the total life 
cycle costs - driving down overall profitability. Considering that the majority of maintenance budgets 
are spent on a minority of equipment1, it is imperative to correctly diagnose and remediate issues before 
they lead to equipment breakdown and unintended stops in production. This paper will highlight some 
common threats to operational efficiency in reciprocating compressors, with a specific focus on the 
foundation system. Through the presentation of multiple case histories, innovative approaches will 
be shown that can help all personnel focused on proper maintenance and reliability best practices to 
effectively identify the root causes of poor performance and paths to successfully remediate and improve 
operating reliability.

Innovative Remediation Techniques to 
Compressor Foundation Systems

mailto:cewald@itwpp.com
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Energy transition with compressors
For 80+ years NEUMAN & ESSER have been serving pro-
cesses in refineries, the petrochemical and chemical industries 
according to API 618. This is why NEA has a profound know-
how in the compression of all process gases, especially of hy-
drogen and hydrogen mix gases. NEA GROUP has broadened 
its portfolio of applications by supporting the transformation 
from the fossil fuel based oil & gas sector to an H2  Economy 

with green hydrogen from renewable energy. This is where 
the proven compressor technologies from NEA and HOFER 

come into play. The conversion of the energy system with 
Power to Gas needs energy-efficient piston and dia-

phragm compressors. They are the perfect match to 
ensure both the flexibility of demand and energy 

security with green gases.

NEUMAN & ESSER: Agile. Solution. Experts.

NEA H2 Economy DIN A4 1-seitig EN 2021-07.indd   1NEA H2 Economy DIN A4 1-seitig EN 2021-07.indd   1 26.07.21   15:0626.07.21   15:06
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by:

Abstract:
If you compare old and modern reciprocating compressors, the main difference is their size. Considering 
an equivalent job (flow rate and pressure build-up), recent compressors are designed much smaller than 
their older counterparts were. This might imply that newer recips go closer to the limits and are therefore 
more susceptible to overloading. However, this is not the case. The explanation to this is in the accuracy 
of the strength evaluation methods, which have much improved. Today’s compressors provide equalized 
load capacities of all main components whereas old compressors may have one component which is 
close to the limit, representing a bottle neck, and other components much oversized. The latter define 
the compressor size and mass.
This paper takes a closer look at the methods used for fatigue strength quantification. This discipline 
is quite special compared to other fields of technology, as it is entirely empirical. Everything needs to 
be found by testing or comparison to similar structures for which load limits are known. Moreover, it 
can be observed that the fatigue strength at the critical locations is mostly little and sometimes not at 
all related to the material strength properties. This is driven by heavy stress concentration and fretting 
fatigue effects. All this makes load limit definition quite a challenge.
The most successful approach is to set up a calculation model and apply it to the investigated design as 
well as to comparable existing designs for which the limits are known. The calculated local load quantities 
consisting of stress, stress gradients, slip and contact pressure can then be used in a comparative manner. 
This approach requires a big database of strength investigations. The bigger this collection is, the more 
accurate the load limits can be defined.

Accurate load limit determination of 
reciprocating compressor components

mailto:gerhard.knop@neuman-esser.de
mailto:klaus.hoff@neuman-esser.de
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Effi cient solutions to lower emissions:

 Purge systems

 Control systems

 Lubrication systems

 Valves

 Check valves

 High performance piston

 Rings & packings

 Workshop repair

 Field Service

 Stay safe

 Keep running

 Get better
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Abstract:
Cylinder rings (piston rings and rider rings) are often cause for unplanned shut downs and subsequent 
high costs due to repair and potentially lost production. The piston ring leakage influences the main 
performance indicators of compressors such as reliability (high piston ring leakage increases the risk of 
rider bands activating), capacity (20% and higher capacity losses due to poor piston and ring design have 
been observed) and discharge temperature (in certain applications the discharge temperature can exceed 
API and alarm limits if piston ring leakage is excessive). A new design process has been developed to 
optimize reciprocating compressor pistons. During this process, the blow-by trend over time is calculated 
for a given application and the performance defining piston paramters, such as number of piston rings, 
piston ring location, piston ring design, piston to cylinder clearance, rider band width and rider band 
design, are optimized to yield the minimum blo-by for maxium rider band life. The first pistons that 
have been engineered using this process were installed 2015. This lecture presents the details of two 
installations and explains the changes from the existing to the new design, shows the result of the ring 
inspection and quantifies the wear rate and compares the measured wear and compressor operating 
parameters to the prediction of the model that was used during the design and engineering phase.

Maximizing run-time and predicting 
performance of compressor pistons
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Abstract:
In this experimental research, three different methods were investigated for a reciprocating compressor 
valve test. The first one is liquid testing. Second is measuring valve leakage by airflow quantity. The 
last method is the pressure drop method at a specific time. All of these procedures are used to measure 
leakage for different types of valves. The valves which investigated in this experiment are Low pressure- 
High flow valves, which usually are using for recycling compressors and High pressure- low flow, 
which generally is using for make-up compressors. These valves have different designs and internals. 
For valve leakage testing, a test bench was designed and fabricated. The measuring test circuit includes 
a pressure gauge, pressure regulator, flow meter, filling, and isolating valves.
For each type of valves, one new valve examined, and results are used as a reference. Results for 
different valves, including different pressure and flow, were measured and depicted in various plots and 
tables. In conclusion, the best method for each type of valves will be chosen and by choosing best repair 
and leaking test methods, reliability and efficiency of reciprocating compressors will increase, also by 
using these repair and test procedures, it will be possible to prevent operational problems and downtime 
of compressor related to valve failure which is the most common reason of compressors downtime.

Fabrication of test bench for reciprocating 
compressors valve and choosing 

proper valve leakage testing procedure 
according to experimental results.
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Abstract:
Control and computing systems such as condition monitoring eventually become obsolete and 
unsupported. This is especially prevalent in aging assets. As spares and repairs become less available, 
the operations team will recognise the risk this poses to reliable operations. During an obsolescence 
project, it is easy to overlook the real design purpose of the obsolete system. Therefore, providing a 
replacement, modern equivalent without a full review of the systems intended design function can mean 
that a like-for-like swap may be impracticable, unsuitable, or impossible. Multi-discipline teams must 
review these systems and ensure a suitable solution is engineered and specified to remove the risk to 
reliable operations. Considering a replacement may need to incorporate change because of developing 
technology. The change brings a secondary benefit; new technology that can also help modernise the 
way the equipment is maintained. The benefits of a smarter maintenance approach will often have more 
significant gains than reducing the risk of plant failures. As most modern equipment provides masses of 
data, it is now more prevalent for users to understand and use that data in a sustainable, beneficial, and 
profitable way. 
This paper details how the CATS gas terminal moved from a time-based maintenance strategy to a 
predictive maintenance strategy for reciprocating gas compressors. This change in strategy requires an 
educated leap from time-based maintenance through the learnings of condition-based maintenance to 
what is a predictive maintenance strategy.

A Case Study on Modernising 
the Maintenance Management of 
Reciprocating Gas Compressors
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Abstract:
According to the EFRC Compressor Reliability Survey, the primary causes for reciprocating compressor 
unscheduled shutdowns include faults at valves, pressure packing, process problems, piston rings, rider 
bands and unloaders. 
Modern condition monitoring technologies provide key information to pinpoint to malfunctions at those 
components and enable effective operating and maintenance decisions.
This paper describes several case studies where condition monitoring information helped in identifying 
piston rings failure progression, loose and leaking valves, stepless unloader problems, hyper compressor 
valve malfunction and process related issues. More case studies highlight the significance of horizontal 
rod position measurement and dynamic analysis in detecting uncommon failure modes, such as partition 
packing failure, uneven crosshead wear and microscopic cracks, which typically get identified only 
during major inspections.
Those cases show the importance of adding specific instrumentation to standard safety measurements, 
not only to assess performance, but also to promptly identify developing issues. 
Rapid return on investment from monitoring systems adoption is achieved when maintenance strategy 
moves from preventive to predictive providing the ability to operate in a more reliable and predictable 
way and extend the period between outages.

What́ s going on with my recip? How 
uncommon failure modes get detected.
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Abstract:
Nowadays the industry driving requirements are focusing on running costs reduction, energy saving, 
and predictive maintenance. The energy and Oil & Gas industries are called to react promptly with 
cutting edge technologies and the best competencies. In this scenario the data management (acquisition, 
processing, security and storage) is the corner stone of the actual industrial revolution.
This article describes the real experiences about the advantages brought by the mobile data acquisition 
systems for reciprocating compressors, and in particular how these can verify and improve the valve 
performance. The article shows examples at different stages of the compressor life cycle, from the 
development to the commissioning, and from the performance improvement to the generation of data for 
digital-twin models. Cases of experimental activities for NPI (New Product Introduction) compressors 
before the entry into market, as well as activities carried out on working plants -from stand-alone plants 
to complex petrol-chemical plants- are also introduced to show the opportunities brought by the data-
acquisition systems. The article gives also an insight of possible developments of this technology.  The 
cases presented in this article demonstrate how the valve OEM can create values for both compressor 
OEMs and compressor End-Users by transforming data acquisition into improvements of either the 
valve or the compressor performance itself.

Valve Data Acquisition throughout the 
Life Cycle
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Abstract:
Oil India Limited (OIL) is a premier Indian national oil company engaged in the business of exploration, 
development and production of crude oil, natural gas and LPG under the aegis of Govt. of India. The 
roots of OIL date back to 1889 when its parent company Burmah Oil Company Ltd, UK discovered 
oil for the first time in Asia in the extreme north east corner of India in a place called Digboi situated 
in the state of Assam. OIL is also a pioneer in the utilisation of field gas for crude oil production. OIL 
has been using reciprocating compressors for compression of low pressure field gas for flare reduction 
and also “Gas Lift Gas” for artificial gas lift wells for crude oil production since 1970s. We take pride 
in maintaining 126 numbers of gas compressor packages placed in 19 Gas Compressor Stations spread 
across an area of 1400 Square KMs in the state of Assam. OIL started its gas business with integral slow 
speed compressors, subsequently moving on to high speed separable compressors with either electric 
motors or gas engines as prime movers. The journey has seen various compressor makes and models 
serving the desired purpose for the company. The frequent sale and purchase of gas compressor frames 
has been mastered by OIL through innovation and liaisoning to develop foreign as well as indigenous 
alternative vendors. The basic mechanical design philosophy of reciprocating compressors has not 
been changed in the last few decades but the monitoring and control systems have undergone a sea 
change in the same period. From microprocessor based SLC to proprietary PLC and to specialised 
control systems, all of which are specifically made to cater to gas compressor packages. The challenges 
and overcoming the same to achieve successful execution has led to acceptability, availability and 
maintainability. Despite our 5 decade long legacy in gas compressor packages, we moved ahead with 
induction of digital technology in control panels since 2013 only. However, we are now rushing in the 
path of digitalization with 23 numbers of new gas compressor packages commissioned till date with 
state of the art electronic control panels and such advanced packages make up almost one fifth of our 
arsenal. My paper will highlight the challenges (both technical and statutory), technical details and 
performance and also advantages and benefits of introduction of such new technology in reciprocating 
gas compressor packages vis-à-vis our company‘s business.

Introduction of Electronic Control Panels in 
Reciprocating Gas Compressor packages
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Abstract:
Design of pulsation dampers in a reciprocating compressor system is critical from a pulsation or 
vibration risk mitigation perspective. An inadequate damper design may lead to high vibration levels 
and, eventually, to failures of the field piping and/or the compressor. Accordingly, requirements of a 
suitable pulsation damper design are covered in prevalent standards, such as the API 618 Std. 
The common damper design workflow usually consists of two steps: (1) analytical (or rule-of-thumb) 
estimations of damper size based on relevant parameters (required flowrate, pressure ratio and gas 
properties), and, (2) final damper design, aided by established pulsation analysis software that complies 
with the requirements from API 618 Standard. The latter step is iterative with a lead time that is heavily 
dependent on the results of the former. Additionally, obtaining a decent damper size estimate in the first 
step is challenging (or impossible) for complicated cases where,  for instance, a large range of capacity 
control options, gas compositions or process conditions needs to be evaluated. 
This paper presents a machine learning approach which aims to combine the computational efficiency 
of the first step and the accuracy of the second, leading to shorter lead times and lower costs for 
damper design evaluations. The method involves the use of acoustic performance data from a large 
array of pulsation analysis calculations, a feature analysis that discusses the most influential features (or 
parameters) for the acoustic performance of a damper, and selection of an appropriate machine learning 
model that predicts resulting line or cylinder connection pulsation levels with a given dampers design. 

Pulsation Damper Optimization with AI
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Abstract:
An anomaly is a part of a dataset which differs significantly from the remainder or expected patterns 
within a dataset. Since anomalies are often (simply) associated with spikes in a dataset, industry 
standards of anomaly detection are usually based on heuristics such as if-then threshold statements (e.g. 
if pressure > threshold value, then notify operator). These methods heavily rely on the experience of 
system designers/operators and may have one or more of the following limitations: if a certain situation 
has never been identified in advance, or if a systems behaviour is too complex, threshold values can be 
hard or impossible to define. In addition, regular behaviour may change over time, requiring rules to 
adapt. If the systems operational flexibility is large, it is cumbersome to define the “normal” for each 
case. 
The advent of data-driven algorithms (data analytics, machine learning, and deep learning) addresses 
the above mentioned challenges in a number of ways. Firstly, unsupervised learning techniques such as 
clustering and principle component analysis reduce dimensionality of datasets and assist downstream 
anomaly detection algorithms, as well as operators, in the form of decision support. (semi-)Supervised 
learning algorithms continuously detect more complex and non-linear anomalies in the data with (a 
limited) input from experts/operators. 
In this paper, an inventory of both standard and modern anomaly detection methods is presented. The 
reviewed methods are associated to detection challenges from the reciprocating compressor industry 
and are assessed based on accuracy/precision of anomaly detection and their feasibility (for either online 
detection or offline detection/troubleshooting). 

Big Data Anomaly Detection Methods for 
Reciprocating Compressors
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Abstract:
Pressure pulsations are one of the main issues in reciprocating compressors applications. They can generate 
high pulsation induced shaking forces leading to high vibrations on compression plant elements such as 
piping, dampers, coolers, small branches and shaking forces, which can even lead to fatigue failures. 
In addition, pulsations can affect the reliability and life of compressor valves. For this reason, pressure 
pulsation prediction according to API 618 standard is a fundamental step in reciprocating compressor 
plant design. The present work shows the comparison between design simulation, carried out through 
a dedicated proprietary multi-physics software, and the results of a dedicated test on the plant (2 stages, 
800 kW compressor for Oil&Gas application) performed together with the OEM. The test was fitted with 
dynamic pressure and vibration measurements in a series of key points on the cylinders and dampers. The 
simulation is solved in the time domain, using a one-dimensional CFD model for piping, dampers and 
plenums, and a lumped model for the cylinders. The flow dynamics in the ducts relies on conservation 
equations (mass, momentum and energy) using the Lax-Wendroff method to obtain numerical solutions 
(based on finite differences, second-order accuracy in space and time) for internal points and the method 
of characteristics for external points. If compared with simulations based on acoustic theory, this method 
provides a better accuracy because it can take into account cylinder-plant mutual interaction, the non-linear 
effects of viscosity, the heat exchange and the real behaviour of valves. On the other hand, this method 
requires a large amount of input data. Therefore, a comprehensive consistency between test and simulation 
can be difficult to achieve, due to possible measurement interferences and to lack of information regarding 
the actual setup. In this paper, the methods to overcome possible discrepancies are shown in detail.
Furthermore, a study to reduce pulsations in the most critical condition was carried out and the effect 
on pulsations of alternative capacity control techniques (reverse flow and additional clearance) was also 
investigated. Finally, a tuning with vibration measurement was used to show the correct setting of the 
model. The work constitutes an important lesson learned that allowed the OEM to better evaluate and 
optimize the effectiveness of efficient countermeasures to reduce pulsations, as pulsation dampers and 
pipe and support geometries.

Validation of Pressure Pulsation and 
Vibration Analyses in a Reciprocating 
Compressor for Design Optimization
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Abstract:
In order to understand the vibration behaviour of a system, there are various test procedures that can 
be applied. Typically, an operational vibration analysis is carried out as first step to gain an impression 
of the entire unit. Afterwards, further investigations, such as a modal analysis, can be performed to 
examine the system in more details.
This article presents both procedures to analyse the vibration behaviour of a high pressure compressor. 
The main aim of improving this compressor is to reduce structure-borne noise and resulting vibrations 
in order to increase the safety of the technical staff and the machine itself. In addition also the reliability 
of the unit increases, which causes further advantages for the customer and the supplier.
In order to identify the structures which need improvement, an operational vibration analysis was carried 
out. Significant vibration frequencies of the whole unit can be identified. Subsequently, an experimental 
modal analysis of the main components of the compressor has been performed. The results show the 
natural frequencies and the associated motion of the individual structures in the overall system. The 
combination of both methods helps the user to understand the vibration pattern of such a machine and to 
identify the components excited with the resonant frequency at defined speeds.

Reduction of Vibration – Modal testing of 
a reciprocating compressor, theoretical 

background and practical testing
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Abstract:
A comprehensive and robust design approach for reciprocating compressor systems is stipulated in 
the API 618 standard. In addition to the acoustic design (aiming at minimizing pulsation and shaking 
forces), also the mechanical design must be validated and optimized. The optimization of the pipe support 
locations is commonly done based on expert judgement. This ad-hoc approach is time-consuming and 
sometimes the optimal layout is not found. 
In this paper, an optimization methodology is presented, aiming to reduce the time needed for mechanical 
optimization and to enhance the confidence that the optimal solution is found. It is the authors opinion 
that these optimization techniques provide a valuable extension of the toolbox of the pulsation and 
vibration consultant, saving engineering time and resulting in a more robust system.

Mechanical optimization methodology 
for reciprocating compressor systems
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Abstract:
The article discusses the influence of operating parameters (flow, pressure) and system impedance (end 
boundary condition) on pressure pulsation attenuation. The research is based on pulsation measurements 
performed with the use of pressure transducers in a dedicated test stand equipped with a reciprocating 
compressor, reactive pulsation dampers and simple piping installation. Furthermore, the adequacy of 
previously described mathematical models of transmission loss characteristics is discussed in relation to 
the modeling of variable operating parameters of the system. In the paper, numerical simulation results 
are compared with measurements for selected cases. The obtained results of simulation research, as well 
as experimental tests, may be a valuable base for an improved simulation method of damper selection 
for specific system requirements.

The impact of system parameters on 
reactive damper transmission loss 
characteristics – experimental and 

simulation approach
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A LIFETIME EXPERIENCE IN RECIPROCATING COMPRESSORS

COUNTRIES57CONTRACTS4,000+

GROUTING SPECIALISTS

Since 1977 we have been repairing foundations, installing new machinery, aligning, and regrouting all 
kinds of reciprocating and rotating machinery.

Do you want to have a reliable installation? Start with the foundation!

Noise and vibration indicate issues that can affect a machine’s reliability, such as imbalanced 
parts, and can  even cause machines to fail through  their own damaging effects. As the only ep-
oxy grout manufacturer with its own engineering and  contracting arm, Alphatec Engineering is 
uniquely placed to give you  the best combination of products and services, together with our com-
mitment to quality reflected with our ISO 9001 certification.

At Alphatec Engineering we have different procedure of repairing critical machinery foundations, 
and the best technique of application of our polymer products.

Our main products are epoxy resin based grouts with inert fillers for stiffness and heat resistance, 
which we use to repair cracked or damaged foundations and to install new machinery following the 
OEM and API RP 686  recommendations.

Epoxy Grout 
Manufacturing

Epoxy Resin 
Injection

Foundation 
Repair

Anchor Bolt 
Replacement

End-user Location Equipment type (No) - Output

Incitec Pivot Fertilisers Australia Dresser-Rand HHE recip compressor - 4.0 MW

BayernOil GmbH
Fluxys-LNG Terminal

Germany
Belgium

Worthington BDC gas compressor - 410 kW
BOG IHI Compressors 32HF-4N-CM (4) – 6 MW

MFGT Hungary SYCC/Burckhardt 6-cylinder compressor - 2.9 MW

Petroplus Cressier France Thomassen 1MC1 gas compressor - 480 kW

Caltex Petrochem Corp New Zealand Cooper V-275 GWMK - 3.8 MW

Petkim Izmir Turkey Nuovo Pignone primary & hyper compressor - 2.65 MW 1985

1974

Existing

New

1998

1981

1964

1992

New
Existing
Existing
1975
82/06
1967
New

Full regrout & foundation repair
Epoxy grouting 4 Compressors & Auxiliaries

Engine & compressor epoxy grouted

Engine/compressor regrout & foundation repair

Foundation repair, realignment & regrout

Regrout & pressure injection foundation repair

Foundation and anchor bolt repair

Regrout & pressure injection foundation repair

Align machines, supply & install epoxy grout

Regrout & pressure injection foundation repair

Regrout & realignment

Pressure injection foundation repair

Foundation repair, re-alignment & regrout

Foundation repair, encapsulation & full regrout

Regrout & pressure injection foundation repair

Condition Service description

Repsol Puertollano Spain Nuovo-Pignone 6PH/2 hyper compressor - 4.5 MW

ExxonMobil Chemicals Belgium Ingersoll-Rand primary compressor - 3.25 MW

Petrochemical Industries Kuwait I-R HHE compressors (3)

Santa Fe Energy Indonesia Waukesha/Ariel compressors (5)

Gujarat State Fertiliser India Kobe LM-6 recip-compressor - 5.6 MW

Petronas Melaka Malaysia Dresser-Rand HHE gas compressors (3) - 3.8 MW

Shell Refinery Singapore Thomassen recip compressor - 3.0 MW
Total La Mede France Ingersoll-Rand recip compressor - 1.69 MW

(+34) 961 45 15 99

info@alphatec-engineering.com

www.alphatec-engineering.com

Follow us:
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Abstract:
Modern day compressor installations pose challenges for pulsation and vibration control. Classical 
pulsation dampers, with e.g. a cylindrical shape, are extensively used with and without internals to 
obtain desired Transmission Loss (TL) characteristics throughout the operational range. A trend is the 
increase of frequencies of interest due to higher compressor speeds that become more and more difficult 
to attenuate, both acoustically and mechanically. This paper reports on an ongoing study that was carried 
out for the EFRC R&D group to assess the possibilities of an alternative damper concept to obtain 
favourable TL for a large frequency range. It was found in an earlier project that a class of toroidal 
shaped damper volumes could be both structurally efficient, avoid shaking forces on the damper and 
have good TL at higher frequencies. Following these initial explorations, experiments were carried out 
including the effects of overpressure and continuous gas flow to investigate whether the anticipated 
behaviour computed with simplified models could be confirmed. A direct comparison was made to 
the TL of a more conventional cylindrical damper with favourable connecting pipe configuration. The 
design and manufacture of the test hardware is described as well as the tests in a state-of-the art acoustic 
test facility of TNO, presenting TL over the relevant frequency range. It was found that for the chosen 
‚Perforated Hub’-type of Toroidal damper (PHT), the presence of a gas flow causes a large drop in the 
TL performance. In a second iteration, another sub-type of toroidal damper, the Open Throat Toroid 
(OTT) damper” was tested to investigate if this loss of TL could be avoided. The exercise was supported 
by the application of advanced numerical flow computations, giving more insight into the flow features 
that contributed to the observed loss of TL. This concerns both detailed flow computations of the choke-
cavity connection in the time domain and an intermediate resolution aero acoustic method.

Feasibility Study of a Novel Toroidal 
Damper Concept for Improved High 

Frequency Pulsation Control
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Abstract:
Due to their working principle reciprocating compressors can be used in a wide range of operating 
conditions. This high variability makes it necessary to check the connected piping system for dynamic 
loads in detail. Critical dynamic loads occur due to oscillating mass forces and high pressure pulsation 
forces. 
Usually these dynamic loads are checked by a theoretical pulsation and structural response study during 
the engineering phase. These studies protect the plant from critical dynamic material stress. Nevertheless, 
as a consequence of uncertainties of these studies it is very common that some obvious local vibration 
hot spots occur during the commissioning. These local hot spots may decrease the reliability of the plant. 
Thus, the operator does always focus on preventive action against unwanted dynamic loads on several 
piping sections, plant components or the connected instrumentation.
A well-functioning option for reducing increased dynamic loads is to perform an acoustic and vibration-
related optimization of a system. The approach for a measurement based metrological and theoretical 
investigation is presented in this paper. In addition to the procedure short-term mitigation measures are 
also described to ensure that the plant runs smoothly.

Improved plant reliability due to 
acoustical and vibrational optimisation
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Abstract:
An important application area of crosshead compressors for oil-free compression of hydrogen is found at 
refineries, where large capacities at pressures between 70 and 100 bar are required for desulphurization 
of petroleum products. Experience in recent years shows that a service life of up to 16,000 hours is 
achievable, provided that certain requirements concerning gas purity are met.
In future, oil-free compression of hydrogen with final pressures ranging between 350 bar and 500 bar 
will be required for storage as well as refuelling vehicles driven by fuel cells. The crosshead compressor 
competes with alternative concepts here. Which technological approaches are required to meet the high 
demands placed on dry-running friction systems, and what is the crosshead compressor’s competitive 
ability?

Oil-free compression of hydrogen – 
which role plays the crosshead 

compressor today and in future?
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Abstract:
Reciprocating compressor packing cases are a major source of fugitive emissions worldwide. This case 
study project, conducted at a major EU refinery, demonstrates a technological approach, using multiple 
complementary packing case and buffer gas control technologies, to reduce packing case emissions to 
near zero.  
The paper establishes how these combined technologies resulted in a significant measured reduction 
in fugitive and vent flow Hydrogen gas emissions at the refinery site. Vent flow measurement data 
was obtained both prior to and after the installation of the upgraded designs, to verify the performance 
upgrade, and is shared in the paper.  
The solution was applied to two separate compressors at the refinery site, compressing Hydrogen gas 
containing trace Hydrogen Sulphide. Discharge pressures ranged up to 200 bar. Gas emissions have a 
significant cost impact on operations due to loss of gas product to atmosphere, and the cost savings from 
the emissions reduction are also quantified within the paper.  
In addition to the emissions reduction, the applied technologies significantly increased packing case 
component life and run time, and are included in a cost reduction analysis of the upgrade.  
The paper demonstrates the significant benefits, both environmental and monetary, of applying new 
technologies to upgrade existing reciprocating compressor machinery.

A technological approach to emissions 
reduction: A case study at a major 

European refinery
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Abstract:
Reciprocating compressor rod packing seals available today have their limits in terms of forming an 
effective seal. As such they are a common contributor to emissions from the main pressure packing case 
vent line. A new rod packing seal ring design will be presented. It has been developed to provide much 
improved sealing performance during operation. 
Many reciprocating compressor users keep their units pressurized after they are shut down.  This practice 
depends on the individual application, but it is most common in the upstream and midstream Natural 
Gas industry.  This eliminates the need for blowing down the gas to atmosphere and allows the units 
to be ready for remote starting.  Adoption of new government regulations and the reduction in regional 
emissions limits mean blowing down the compressor has also become a more costly and less permissible 
option.  Traditional rod packing prevents the gas from leaking out of the compressor cylinder under 
dynamic conditions while it is running.  However, this rod packing will leak at a higher rate in static 
conditions when the compressor is shut down and pressurized.  Alternative packing designs have been 
developed that improve the static sealing performance, but they range in effectiveness and complexity 
of implementation.  A new static packing seal design will also be presented developed specifically to 
improve the static sealing performance and provide ease of installation and control. 

An Improved Dynamic Rod Packing Seal 
and Eliminating Vent Emissions with a 

New Static Seal
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Abstract:
Environmental protection during the actual phase of climate change is a frequent discussed topic in the 
public. As reciprocating compressors are important operational units at nearly every chemical plant, 
we also should take a closer look to this piece of equipment. So-called “recips” are quite efficient gas 
compression machines, but even the best system should be optimized as good as possible. Therefore, in 
this paper three examples will be presented, how sealing elements can be improved in order to reduce 
gas losses to a minimum value. These gas saving are important for environmental protection, especially 
at CNG and biogas applications, where Methane is compressed by reciprocating compressors. Methane 
plays a significant role in the climatic projections of the IPCC. Therefore, reducing leakages can be 
considered as an important task and beside this, it can save money and it adds reliability and trust to the 
reciprocating compressor system.

Piston Rod Packing Solutions for Reduced 
Emissions
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Abstract:
Cylinder lubrication is common practice in the compressor industry to significantly reduce wear and 
friction of the rider and piston rings. Whereas “starved” lubrication shortens the lifetime of these rings, 
over-lubrication adds little benefit while potentially giving rise to additional problems regarding the 
downstream components due to oil carryover. 

Given the substantial lack of viable alternatives, it is state-of-the-art to lube compressors according 
to basic empirical guidelines. These disregard system-specific parameters such as clearance, piston 
assembly, oil viscosity, etc. and provide no guidance for an optimal lube strategy (e.g. with respect to 
the timing of lube injection).

This work provides a detailed look into the hydrodynamic lubrication of the rider and piston rings on 
an entirely rational, physical basis. Also, it sheds light on what constitutes an optimal lube strategy – 
something that is almost impossible to pursue by purely experimental means. Thus, a comprehensive 
simulation model has been developed that accounts for the mutual interactions between the oil film, the 
compressed gas, the piston and rider rings, the piston motion, the elastic deflection of the piston rod, 
and the crosshead dynamics. This model for the first time enables a detailed insight into the specific 
conditions of cylinder lubrication and opens a window of opportunity for a more reliable compressor 
operation, hence at reduced lube rates and thus maintenance costs.

A comprehensive cylinder-lubrication  
model for reciprocating compressors
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Abstract:
Sealing ring wear can be improved by increasing heat transport away from the frictional interface. Over 
the past decades, efforts have looked at ways to increase heat transport through the rod itself, arguably 
with success in an EFRC sponsored project and manufacturers now can choose to implement this measure. 
A novel way to achieve heat transport from the friction interface was sought in a special sealing ring 
optimised for heat transport. The EFRC R&D group has endorsed this approach by executing a phased 
feasibility study on novel conductive ring concepts. The present paper reports on work in progress 
concerning a measurement campaign to quantify heat generation and flow paths. For the project, with the 
acronym IRINCO, detailed transient measurements were made of rod and ring temperature to quantify 
the heat flow from the friction interface and to develop an appropriate numerical calculation model to 
support the evaluation of ideas. It is shown that simplified heat generation models and assumptions seem 
totally inadequate to explain the observed transient heating, suggesting more complex mechanisms and a 
transient behaviour. Unique transient measurements with sealing ring mounted sensors allow monitoring 
the sealing ring temperature itself, showing high sensitivity to tribologically relevant phenomena. Work 
in this area is an ongoing topic in the EFRC R&D working group.

Early work supporting future conductive 
sealing rings to reduce piston rod 

temperature and wear
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