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Abstract 

Increasingly growing consumption of natural gas all around the world requires development of new 
transporting equipment and optimization of existing pipelines and gas pumping facilities. As a special case, 
Russian gas pumping system has the longest pipes with large diameter, which carry great amounts of natural 
gas. So, as reconstruction and modernization needs large investments, a need of more effective and low cost 
tool appeared. As a result diagnostics became the most wide-spread method for lifecycle assessment, and 
lifecycle extension for gas pumping units and pipelines. 

One of the most effective method for diagnostics of gas pumping units is parametric diagnostics. It is 
based on evaluation of measurement of several termo-gas dynamic parameters of gas pumping units, such as 
pressures, temperatures and rotational speed of turbines and compressors. 

In my work I developed and examined a special case of parametric diagnostics – methodic for 
evaluation of technical state and output parameters for gas pumping unit “Ural-16”. My work contains 
detailed analysis of various defects, classified by different GPU’s systems. The results of this analysis are later 
used in development of the methodic for calculation of output parameters for gas pumping unit. 

GPU is an extremely complex object for diagnostics. Around 200 combinations of Gas Turbine 
engines with centrifugal superchargers, different operational conditions and other aspects require 
development of separate methodic almost for each gas pumping unit type.  

Development of each methodic is a complex work which requires gathering of all possible parametric 
and statistical data for the examined gas pumping unit. Also parameters of compressed gas are measured. 
Thus as a result a number of equations are formed which finally allow to calculate such parameters as 
efficiency, fuel gas consumption and technical state coefficient which couldn’t be measured directly by 
existing measuring equipment installed on the gas compressor station. 
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1 Introduction 

In recent years technical diagnostics is becoming increasingly important for the gas complex of the 

country. Under the conditions of intensive aging of the large part of the gas transport system, with limited 

investment in reconstruction and technical modernization, technical diagnostics is not only the important 

mean for preventing the accidents and ensuring the reliability of pipeline gas transportation, but also it largely 

determines its effectiveness.  

Significant resources for the energy saving are available in the gas industry - the most rapidly 

developing sector of the fuel and energy complex of the county. 

The set challenges of increasing the capacity of oil and oil products extraction and supply to the 

consumers cannot be solved by traditional obsolete approaches. New technologies and technical means based 

on the latest achievements of the fundamental and applied sciences are needed. 

The main content of the science and technology policy of Gazprom, JSC in this context is the focus 

on intense technologies and equipment ensuring high economic efficiency, resource conservation, reliability 

and environmental safety of objects. 

The main transportation of natural gas is the most asset- and energy-intensive segment of the gas 

industry. It suffices to say that up to 10% of the total capacity of transported gas and a significant amount of 

electricity are consumed during transportation.  

At the same time fuel and energy costs depend strongly on the technical state of equipment of the 

linear part of the main gas pipelines and compressor stations (CS). 

The reliability of the pipeline transport is the acute problem, taking into account that the average age 

of the operated pipelines exceeds 24 years. 

Despite the fact that the existing gas pipeline accident rates are close to those overseas, the situation 

cannot be considered as satisfactory, because the system of Gazprom, JSC usually takes into account only the 

accidents with rupture of gas pipelines.  

The loss of gas in case of accidents of the linear part of the pipelines, as shown in statistics, reach the 

amounts around 170-180 million m3 of gas per year. 

Approximately one tenth of the length of the gas pipelines operates at lower pressures for safety 

reasons, which also leads to a substantial increase in fuel and energy costs for transportation of gas.  

The situation is similar to the gas pumping units (GPU) installed at the CS of the main gas pipelines. 

Approximately 30% of them have already worked out the motor capacity set for them, they are physically and 

morally obsolete which results in significant overconsumption of the fuel gas for the needs of pumping over.  

Reconstruction and modernization of the gas transportation systems aimed at reduction the gas 

process losses, development and justification of the use of the priority orientations in development of energy-

saving technologies of the natural gas transportation are becoming in this connection the most important 

tasks of the industry. 

At the same time, despite the fact that reconstruction is the priority (with respect to new 

construction) means of ensuring more effective indexes of the existing system of main gas pipeline because of 

the less capital intensity, it still does require significant financial costs. In addition, even the task of composing 

the plans for reconstruction and technical re-equipment of the country’s main gas pipelines can best be 

solved only by taking into account the results of the equipment diagnostics.  

All this suggests that under conditions of prolonged and continuous production and intensive aging of 

the process equipment, with limited investments potential, the use of technical diagnostics is becoming the 

most radical means ensuring efficiency, effectiveness and reliability of the equipment, and allows making the 

transition from routine maintenance and technical service to the maintenance system based on the actual 

technical state. 

Such approach requires a large-scale introduction of different methods and diagnostic tools; build-up 

of work on the development of its hardware and software; carrying out structural changes that determine the 

transition from a centralized to a distributed system of the diagnostic services; dictates the need for training 

the qualified personnel in the field of diagnostics who can provide the necessary level of service of the 

diagnostics systems and equipment. 

The main gas pipeline diagnostics system being created at Gazprom, JSC fundamentally differs from 

the traditional approach of providing the security of the objects based on the designed service life. With this 
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approach it means that after a certain time the equipment of main gas pipeline is worn out and becomes 

unsuitable for further use. In some areas of technology the chronological aging of engineering structures can 

serve as the basis for the determination of their life, but according to the practice of more than thirty years of 

operation of the unified gas supply system (UGSS), this does not apply to gas pipelines. 

Time is only a minor factor of the pipelines aging. The much stronger factors are, for example, the 

operating conditions, the environmental factors that lead to appearance of external or internal corrosion, the 

quality of construction and maintenance. 

It is not the calculation of the number of operation years, but the analysis of speed and type of 

changes of technical condition of the pipeline based on the periodic surveys that give an accurate idea on how 

long the gas pipeline will be able to work within the designated characteristics, safely and effectively.  
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2. Significance and basic concepts of technical diagnostics 

of the main gas pipelines 

The effective operation of the main gas pipelines is not possible without the use of modern methods 

and tools to evaluate the energy consumption for gas transportation, to monitor and predict the technical 

state and technological parameters of work of the linear part of the main gas pipeline and the CS equipment. 

In this regard much attention is currently paid to the creation of means and methods of technical diagnostics. 

Technical diagnostics is a field of knowledge, exploring the technical state of objects under 

diagnostics and the reflection of the technical states in physical units, developing the methods for their 

determination, as well as the principles of building and organizing the use of the diagnostics system.  

The technical state in this regard means a set of object properties subject to change during its “life 

cycle” characterized from time to time by the parameters predicted at the initial stage of design and the set by 

the normative and technical documentation for an object that form the range and limits of quantitative and 

qualitative characteristics, which determine the serviceability, normal operation and proper work of the 

object. 

The diagnostics object is a complex of elements subject to diagnostics, connected to the mechanical, gas 

dynamics, hydraulic and electrical circuits forming a dynamic system, the state of which in every moment of time 

is determined by the values of input, internal and output parameters, the latter of which reflect the influence of 

many physical and chemical processes arising from the operation of the object and its interaction with the 

environment. 

The serviceability is understood as the condition under which the object is functioning correctly in all 

modes at all acceptable conditions of work during the specified time. 

The correctness of operation is the state of the object in which it or its components perform at the 

current time the operation algorithms assigned to them with the parameter values corresponding to the 

established requirements. 

Changing the technical state of the object is the process of transition of the object from the serviceable to 

nonserviceable state, i.e. up to a “failure” condition, related to the appearance and development of the fault in the 

elements (systems) of the object up to a certain critical level, after which the object reaches its ultimate state. 

Technical diagnostics is the process of recognizing the classes of the object's technical state during 

its "life cycle": from the initial design stage to decommissioning, providing location, causes and the extent of 

the defects development. It is divided into three stages: 

 

 technical condition monitoring; 

 localization, degree of development, determination of the failure (faults) reasons; 

 technical condition prediction. 

 

The diagnostics system is understood to be a series of GPU as an object under test, technical facilities 

for the collection, accumulation, transmission, processing, storage and presentation of information with the 

relevant software and, if necessary, the performers.  

In this regard there are the following systems: testing and functional diagnosis.  

In the first case, the system provides the ensuring specially arranged effects to the object with the 

subsequent analysis of the object response to these effects. The testing diagnosis systems are used, for 

example, when studying the GPU under conditions of special test benches.  

In the functional diagnosis systems the effects provided by the operation algorithm of the object 

operation are used as the signals (effects).  

In the functional diagnosis system in this case the use of the testing diagnosis elements is allowed, 

when it is technically justified and does not interrupt the normal operation of the object under diagnosis.  

The diagnosis algorithm reflects the formal description of the diagnosis process with the accepted 

sequence of elementary checks and the rules of their results analysis.  
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The diagnosis algorithm is understood to be a series of transformations and logical conditions 

existing in a certain manner and aimed at the faults finding. The efficiency of the diagnosis process depends 

mainly on the quality of the diagnosis algorithms.  

The practical experience in creation and implementation of the diagnostics systems suggests that the 

effectiveness of the diagnosis process is determined not only by the quality of the developed algorithms, but 

also to a large extent by the quality of diagnosis tools. They can be hardware or software, external or built-in, 

manual, automated or automatic, specialized or universal. 

As for the timing aspect the diagnosing tasks are divided into three classes: the diagnosis tasks in real 

time, the tasks of predictive and retrospective diagnosis.  

The tasks of real time diagnosis are aimed at recognition of the technical state at the current time. 

They appear to conclude the guaranteed safe and efficient operation of the object under diagnosis in this case.  

The tasks to determine the state in which the object under diagnosis will happen to be in a certain 

future moment of time or to determine the time to a “failure” belong to the predictive diagnosis. These are 

the prediction tasks arising to establish the secure service life, to determine the terms of carrying out the 

preventive inspections and repairs, etc. 

The tasks to determine the state, in which the object under diagnosis was during certain moment of 

time in the past, belong to the third class. Such tasks related to the reproduction of the technical condition are 

arising in connection with the investigation of the accidents and their prerequisites.  

In all cases the awareness of the condition of the object under diagnosis at the present moment is 

obligatory for the prediction and retrospective diagnosis. 

The diagnosis tasks are divided into three classes on the principle of the purpose unity: 

 

 design and technological and methodological tasks relating to the object under diagnosis and 

solved on the stages of their design construction; 

 to develop a methodology of diagnosis and interconnection of diagnostics with the objects 

of use (the management system of the gas transportation technological process, maintenance and repairing 

system); 

 to develop the technical means to ensure the diagnosis in terms of storage, processing and 

transmitting information about the object. 

 

In addition to the above classifications, the diagnosing tasks can also be divided into two classes: the 

class of direct tasks and the class of inverse tasks. 

The direct tasks are understood to be the determination of certain information on the technical state 

of the object under diagnosis by the specified elementary inspection. The elementary inspection is the testing 

or working effect on the object and its response to this effect.  

When diagnosing, for example, the GPU under the operating conditions, the working effects 

consisting of changing the position of all possible control elements, are used as a constituent of elementary 

inspection.  

When diagnosing the gas pumping units under the bench conditions, the use of testing effects by 

connecting the units and the systems of GPU to the special units is possible. 

The inverse tasks mean the determination of a certain series of elementary inspections, which allow 

determining the specific technical state of the object under diagnosis. The solution of the inverse diagnosis 

tasks allows getting one or all of the possible elementary checks, detecting a possible malfunction of the 

object. 

The main parameters and characteristics used in the diagnosis are as follows: 

 

 duration of diagnosis; 

 the reliability of diagnosis; 

 the completeness of diagnosis; 

 the depth of the failure (fault) localization; 

 the conditional probability of undetected failure (fault) during the diagnosis (control); 

 the conditional probability of a fictitious failure (fault) during the diagnosis (control); 
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 the conditional probability of undetected failure (fault) in the given element (group); 

 the conditional probability of a fictitious failure (fault) in the given element (group). 

 

Along with the marked concepts in recent years the term “diagnostic maintenance”, a series of actions on 

determination and recovery of technical condition of the diagnosed objects being in operation, which provides the 

use of human and material resources interacting according to the accepted organizational structure of their 

distribution, with appropriate provision of diagnostics, is widely used. 

In turn, a diagnostic assurance is commonly understood as a set of hardware and software diagnostic 

tools, as well as material and human resources required and sufficient for determination and prediction of the 

technical condition of the objects under diagnosis with the depth and reliability stipulated by the technical and 

economic feasibility for the specified conditions and location of the equipment operation. 

Two groups of diagnosis indicators are set as the main ones.  

The first group includes the indicators of reliability and accuracy of the diagnosis. Its simplified 

description is provided in Table 2.1. 

 

Table 2.1 

The indicators of reliability and accuracy of the diagnosis 

 

The diagnosis task The result of diagnosis 

Determination of the 

type of technical 

condition 

The conclusion in the form of: 

 1) the item is properly functioning and/or serviceable; 

 2) the item is not properly functioning and/or nonserviceable 

Finding a failure or 

malfunction point 

Name of an item or a group of items which are nonserviceable and failure or 

malfunction point. 

 

Prediction of the 

technical condition 

The numerical value of the TD parameters for the specified period/this point 

of time. 

The numerical value of the residual life (operating time). 

The bottom limit of probability of the failure-free operation by the security 

parameters for the specified period of time. 

 

The second group is the technical and economic indicators, including: 

 

 unit costs for diagnosis; 

 average operational labor intensity of diagnosing; 

 average operational duration of diagnosing; 

 frequency of diagnosing. 
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It specifies there, in particular, that: 

 

 the range of diagnostic parameters should satisfy the requirements of completeness, relevance and 

accessibility of the measurement with the lowest time consumption and cost of implementation; 

 the methods of diagnosis should include the diagnostic model of an item, the algorithm of diagnosis, 

the software, the rules for measuring the diagnostic parameters, the rules for determining the 

structural parameters, the rules of analyzing and processing the diagnostic information; 

 the means of technical diagnostics should provide identification (measurement), or control of 

diagnostic parameters in the item’s modes of operation specified in the operation documentation. 

 

 Each newly developed or modernized diagnostics system should be tested for the 

compliance with the requirements of the object’s technical diagnostics, and the creation of new or existing 

objects under the diagnosis at all stages of development should be accompanied by solving the issues of 

providing them with technical diagnostics. 

Table 2.2 

Types and purpose of diagnostics systems 

 

Criterion Classification 

The extent of the item’s coverage Local and general 

The nature of the interaction between an 

object and diagnostic devices 

Functional or testing diagnostics 

The applied devices General purpose and specialized, integrated, and 

external devices 

According to the degree of automation Automated, automatic, manual 

Purpose For diagnosing in:  

 production 

 operation 

 repairs 

 

The general methodology of technical diagnostics, as well as the theory of reliability is based on the 

concept of a technical condition.  

The technical condition of an object is a condition which is characterized at a certain point of time 

under certain environmental conditions by the values of the parameters set by technical documentation for the 

object.  

From a mathematical point of view, it means that (at an every point of time and under certain 

environmental conditions) the object’s condition is uniquely associated with a certain point in the space of 

conditions, and either the controlled parameters or the direct diagnosing signs of defects and faults, which are 

the parameters of the condition, can be used as its coordinates.  

If the set of states of an object is well defined by the parameters of the state, the process of 

diagnosing is meant to establish the real situation in this set of the point, corresponding to the current state.  
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In the more general case it can be sufficient to establish a certain region (subset), which the point of 

state belongs to (for example, the subset of serviceable states). Finding the position of the point or the subset 

is the diagnostics itself.  

For example, for a centrifugal supercharger (CS) in the “ideal” state, the operating point lies on the 

curve connecting the degree of compression in the supercharger, the supercharger shaft speed and the gas 

consumption through the supercharger. However, when changing the technical condition, the position of the 

curve in the diagram is shifted, so that in general the area of possible states lies between the curve of the best 

acceptable states and the curve of the worst acceptable states. In this case, the diagnostics of CS is reduced to 

determining the actual location of the operating point in this area. 

In many cases the diagnosis can be associated with the implementation of some complex of mathematical 

and / or logical conditions.  

If the inspection of execution always leads to one of two outcomes (yes or no), then the diagnosis is called 

simple. Often, however, such inspection is impossible, but it is possible, for example, to determine the probability of 

an outcome. In this case, the diagnosis is referred to as a complex one. 

It should be noted that in contrast to the methods of nondestructive testing, technical diagnostics is non-

dismountable and technical diagnostics is carried out continuously or periodically during normal operation of the 

equipment. 

Creation and implementation of diagnostics systems is inextricably linked to the solution of the key 

problems such as improving the quality level of the main gas pipeline equipment, reducing the time for 

mastering it and operating costs, saving fuel and energy resources, increasing efficiency, reliability and safety 

of the operation of the gas transportation system as a whole.  

The importance of diagnostics development in Gazprom JSC has been steadily increasing, which is 

predetermined by the objective tendencies of the gas industry development, accompanied by the continuous 

expansion of the range and number of operating equipment and pipeline on the main gas pipelines, 

sophistication and diversity of their structures, different conditions and policies of operation with limited 

human and material and technical resources. 

Introduction of methods and diagnostic devices and prediction of technical state of gas pipelines at 

all stages of its life cycle allows: 

- reducing the time for troubleshooting and finding the causes of failures; 

- providing a gradual and continuous monitoring of the process of the equipment creation at all 

stages of development, including pre-project forecasts of the output parameters, designing, manufacturing, 

carrying out the cycle of testing works in the process of the bench and string testing, and thereby ensuring the 

compliance of the passport output parameters of the equipment with the world level for the period of 

starting their serial production; 

- reducing the probability of unpredictable failures and thus improving the operational safety of the 

main gas pipelines and eliminating the consequences of material nature; 

- increase the level of equipment use; 

- moving from the traditional system of scheduled preventive maintenance to repairs considering the 

actual technical state of the equipment and pipelines, which contributes not only to the increase of the 

operational life, but can significantly reduce repair costs, reduce the need in spare parts and maintenance 

personnel, improve the quality of repairs, reduce the total time of its execution; 

- moving to the optimal control of the technological process at CS, taking into account the actual state 

of the gas transportation equipment and the linear part of the main gas pipeline in order to improve the 

effectiveness and efficiency of the equipment as a part of the gas pipelines and gas pipeline system as a whole; 

- increasing the stability of the values of the operation efficiency indicators of the gas-pumping units 

(capacity, efficiency factors of the gas turbine plants and centrifugal superchargers, the specific consumption 

of fuel gas, etc.) in the overhaul period of operation by undertaking timely measures to eliminate the faults 

identified in the result of diagnostics on the operating GPU, and, thus, reduce the cost of fuel gas by 8-10%; 

- providing information on the actual state of the equipment and pipelines in service, which is 

necessary to further improvement of their design and operation in the process of modernization and 

development of new types of equipment and pipelines for main gas pipelines; 

- ensuring the necessary conditions for determination of the optimum allocation of resources between 

the spheres of design, production, bench testing and operation in order to obtain maximum economic effect. 
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Introduction of methods and means of technical diagnostics will also allow more effective planning 

and predicting of the work of the main gas pipeline; reasonably address the development of appropriate 

standards at different levels. 

The main objective of the main gas pipeline diagnostics is to increase efficiency and reliability of the 

gas transportation. 
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3 Energy saving in Gazprom 

 

As it is stated at Gazprom’s official web-cite: environmental protection and energy saving actions are 

governed by Russian federal law and also Gazprom’s documents: Energy Saving Concept and Programs. 

 

Gazprom’s energy saving goals are as following: 

 

 increasing energy efficiency of the core and auxiliary businesses; 

 mitigating the adverse environmental impact. 

 

These aims are achieved by following actions: 

 

 shapes the Energy Saving Program; 

 develops new mechanisms to fund energy saving; 

 increases the efficiency of energy saving management; 

 streamlines the control system; 

 follows the changes in the energy saving legislation and improves its regulatory 

documents; 

 promotes application of energy saving technologies and equipment by subsidiary 

companies; 

 performs mandatory certification of equipment for compliance with energy consumption 

standards; 

 carries out energy research at industrial facilities; 

 increases the sci-tech potential and elaborates next-generation technologies; 

 ensures personnel development. 

 

Starting from 2001 year Gazprom is working on development of Energy Saving Concept and 

Programs. 

In 2001 Gazprom approved the 2001–2010 Energy Saving Concept which includes the following 

targets: 

 

 release of additional gas resources to be supplied to consumers; 

 partial offsetting of the need in new production and transmission facilities commissioning; 

 reduction of operational costs owing to lower energy dependence; 

 lowering of greenhouse gases and hazardous substances emission to the atmosphere; 

 total saving of fuel and energy resources: 17–17.5 million tons of fuel equivalent; 

 natural gas saving: 13.5–14 billion cubic meters; 

 electric power saving: 3 billion kWh. 

 

Later, in order to make use of Gazprom’s energy saving potential, the following programs have been 

elaborated and executed: 2002–2003 Gazprom Energy Saving Program and 2004–2006 Gazprom Energy 

Saving Program. 

 

The Program provides for a package of technological energy saving measures aimed at preservation 

of fuel and energy resources by subsidiary companies in each and every branch of the Company’s activity 

(including non-core assets). 
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Basic technologies and measures to be taken as part of the Energy Saving Programs: 

 

 technology for gas transmission under the operating pressure of up to 11.8 MPa through 

smooth-wall pipelines; 

 next-generation gas-turbine gas pumping units; 

 next-generation high-performance gas compressors with replaceable flow tubes; 

 state-of-the-art heavy-duty controlled electric drives; 

 technological processes automation; 

 software system optimization measures; 

 technologies for pipeline repair under pressure; 

 remote gas leakage monitoring; 

 mobile compressor stations for gas withdrawal from the pipelines under repair. 

 

 (Gazprom web-cite, 2012) 
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4 Concepts of energy saving 

 
Continuously rising costs for extraction, production and transport of natural gas, makes energy 

saving one of the most important problem. This resulted in adoption of special federal law on energy 

conservation. 

Besides main aspects of energy saving policy, it also contains basic concepts of energy conservation. 

Energy conservation is realization of scientific, industrial, technical, economic and legal measures to 

improve efficiency and involve renewable energy sources.  

Energy resource is energy carrier which is used at present or can be used in the future. 

The secondary energy source is a by-product of primary production.  

Utilization of energy sources is effective when it is cost-effective at present technological 

development and environmental conditions. 

 Energy efficiency indicator is absolute or specific value of energy losses to utilized energy, set by 

state standards. 

Energy waste appears in cases of failure to comply with the requirements established by state 

standards and regulations for certain types of equipment. 

 

The main directions of governmental policy in energy conservation are: 

 

 Efficient use of fuel and energy saving equipment 

 Control of energy resource consumption; 

 State supervision over the use of energy sources; 

 Energy audits in organizations 

 Energy audits of construction projects; 

 Realization of economic, informational, educational and other activities in the field of energy 

conservation. (Zaritskiy S., 2003) 

 

It should be noted that any kind of energy consuming production, as well as energy resources must 

be certified to the appropriate energy efficiency. For the extraction, production, processing, transportation, 

storage and consumption of energy resources additional metrological control should be conducted.  

 

 

It is clearly seen from economic analysis of the country, that gas industry is currently the most 

important part of the energy system in Russia. And in near future natural gas will remain one of the most 

important energy carriers.  

 

Current situation in gas industry: 

 

 Medvezh’e Urengoyskoe, Yamburgskoe fields which are main natural gas sources of the country are 

currently at the stage of declining production 

 Exploration and development of new fields requires significant investment. Thus, specific 

investment in the Polar deposits development is approximately $ 70 per 1,000 m3 of annual gas 

production. Cost of gas extracted in the central regions of the country when applying it from the 

new regions (Ob-Taz bay, the Yamal peninsula) ranging from $ 50 to $ 60 per 1,000 m3; 

 Very important fact in the situation of lack of investments is that investments in improvement of 

energy efficiency much less than development of new fields and new gas transmission lines; 

 The share of energy in the cost of gas is around 20% and increases with growth of prices for energy 

products;  

 A number of pipes are operated at partial load, this gives an opportunity for reconstruction and 

modernization of gas transport equipment in order to improve energy efficiency and reliability.  
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Roughly 10% of gas is consumed in the processes of production, transport and utilization of it, also 

large amounts of heat and electricity are required for the transport chain. Furthermore, partial load of some 

lines led to reduction of efficiency. So special action should be taken to lower energy losses. (Zaritskiy S., 

2003) 

Thereby, one of the main goals is to lower energy consumption at all gas production stages. This 

problem becomes more urgent because of continuously rising prices for energy sources, also energy 

conservation does positive effect on environment and saves resources for future.  

The concept of energy saving for Gazprom JSC was formed to develop energy conservation, which 

is carried out at design, construction, reconstruction and operation stages of pipelines.  

 

Main techniques for energy saving at design and construction stages:  

 

 New pipelines design which is able to withstand pressure up to 118 bar; 

 Effective gas pumping units; 

 Pipelines with low hydraulic resistance. 

(Gazprom web-cite, 2012) 

 

Only raise of pressure in pipes with simultaneous optimization of distance between compressor 

stations can result 30-40% energy saving.  

In addition, new gas pumping units with efficiency around 34-39% saves up to 15-30% of energy 

required for gas transport. 

Also, pipes with low hydraulic resistance makes possible to conserve 15-20%. 

Renovation of gas transporting facilities such as: 

 

 Replacement and modernization of gas pumping units; 

 Using low pressure compressors at partly loaded pipelines. 

At operation stages following energy saving actions are necessary: 

 Operating mode optimization using modern software. 

(Shammazov A., 2009) 

Quality maintenance and repair of equipment, cleaning pipes and replacing valves. Also mobile compressor 

stations can be used to avoid gas losses from repaired sector. 

The most important and the least expensive method is optimization of operating modes. It depends 

on compressor stations, pipeline conditions and other equipment. Optimization effect may be 

different, varying from 60% to 70% of saved energy. 

 (table 4.1).  
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Table 4.1 
Energy saving potential 
 

№№ 

 
Sub sectors 

Energy saved 

*103 ton in fuel 

equivalent/yr 

% 

1 Transmission 6000 69,7 

2 Gas distribution 650 7,5 

3 Electricity and heat 645 7,5 

4 Production 600 7,0 

5 Processing 400 4,6 

6 Underground storage 300 3,5 

7 Well drilling and workover 15 0,2 

Total: 8610 100 

(Shammazov A., 2009) 

 

Total energy saving potential of the industry is estimated to be around 8-9 million ton of fuel 

equivalent which is 10 ÷ 11 % of energy consumed be the industry. Possible saving can be: 

 natural gas – around 9 billion. m3/year; 

 electricity – around 1,5 billion. kWh/year. 

(Shammazov A., 2009) 

 

The main consumers of natural gas during transport are gas pumping units, thus increasing its 

efficiency will lead to significant energy savings. In turn, gas pumping unit efficiency depends on technical 

condition of compressors, cooling and cleaning systems, and operating operating mode.  

Pipeline primary equipment evaluation can be based on results of pipes, compressor stations and 

other equipment inspection in order to find irrational sectors and then create energy saving program. 
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5 The use of parametric diagnostics methods in the 

inspection of various lifecycle stages of gas pumping units. 

5.1 The main objectives of diagnostic service 
 
The main objectives of diagnostic service of gas transporting equipment stated by “Gazprom” JSC are: 

 Resource and energy saving, reduction of losses and costs at all stages of the process of natural gas 

production and transportation; 

 Development of instrumental control based on different physical principles; 

 Control of new incoming equipment, to limit those that don’t meet the standards of technical 

documentation, on construction, operation, repair, reconstruction or modernization stages; 

 Optimization of operation modes basing on its actual performance; 

 Technical inspection of equipment using the monitoring, means and methods of technical 

diagnostics; 

 Organization of a system identifying, recording and reducing the potential unplanned loss. Creating 

insurance protection of “Gazprom” JSC property; 

 Transition from scheduled repairs and maintenance to repair and maintenance accounting  technical 

condition of the equipment; 

 Development or adaptation of regulations, tools and techniques for controlling, monitoring and 

diagnosis of equipment; 

 Determination, whether the results obtained from the diagnostic service meet the requirements of 

new standards, using certified control and diagnostic tools; 

 Development of new methodological solutions to ensure the efficiency, reliability and security of 

operation, with decision making about the possibilities and conditions of further operation of the 

equipment in excess of standard operating time; 

 Development of an algorithm of quantitative analysis of risk and expected damage from an accident 

in accordance with the results of diagnostics; 

 Establishment and maintenance of the diagnostic service database; 

 Creating technical solutions in terms of safety, reliability energy conservation and efficiency of the 

equipment at all stages of the lifecycle. (Gazprom web-cite, 2012) 

 

The main measures ensuring operation of pipelines and gas compressor stations according to actual 

technical condition are: 

 Timely analysis of technical condition of gas compressor stations equipment and 

technological pipes on the efficiency and reliability criteria; 

 Maintenance, operating and capital repairs of defective units, equipment and technological 

pipes of the compressor stations on the basis of information about their current condition 

and its short and medium term forecast; 

 Optimization of equipment and component exchange fund, basing on actual needs for 

maintenance and repair of equipment according to the medium and long-term forecast of 

their technical condition; 

 Installation, maintenance, repair, and commissioning quality control; 

 Monitoring of compliance of the equipment supplied to Gazprom. 

 The solution of these problems is impossible without the use of parametric diagnostics of the 

equipment at all stages of the life cycle of gas transport system. 

Thus, at each stage of the life cycle of equipment parametric diagnostics methods have their own objectives, 

tasks and goals. 

(Shammazov A., 2009) 
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5.2 Gas Pumping Unit’s diagnostics through the whole lifecycle 
 

Pre-examination 

 

The main objectives: 

 Forecasting performance of the gas pumping unit in order to ensure that the projected 

aggregate output characteristics are on the world level at the moment of the beginning of 

serial production; 

 Determine diagnostic service level for a new type of equipment, according to the technical 

requirements, based on previous diagnostic experience for similar equipment types. 

 

Assessment of the project in terms of diagnostics 

 

Main objectives: 

 

 Determination of compliance with the industrial safety requirements; 

 Determine compliance with design solutions and diagnostic services; 

 Controllability 

 Resource compatibility 

 Identifying and verifying the effectiveness of measures in environment secure and energy 

conservation. 

Is based on the numerical analysis of compressor plant models and diagnostic experience of similar 

equipment. 

Its objective is to ensure required technical condition of projected equipment at the time of 

construction works. 

 

Control of the equipment at the production stage 

 

Main objectives:  

 

 Quality control of the whole technological cycle and final acceptance testing of the equipment; 

 Quality control of new types of equipment, supplied to the customer; 

 Give necessary recommendations before beginning operation of the equipment according to the 

results of quality control. 

The purpose of it is to allow only the equipment that corresponds to customer requirements, also 

forming a baseline for further monitoring of technical condition and time of safe operation.  

 

Diagnostic services in the construction and commissioning  

 

Main objectives: 

 

 Quality control during acceptance testing of equipment; 

 Creating a database for further technical condition monitoring. 

The purpose is identification of the initial technical condition for further monitoring and determining 

safe time of operation. 
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Diagnostic services in operation 

 

Main objectives: 

 

 Primary examination for newly introduced facilities, gathering data and further monitoring of 

technical condition; 

 Primary examination of equipment which was in operation for a long time but still hasn’t passed data 

gathering for further monitoring of technical condition; 

 Identification of safe operation period and development of recommendations for operational 

operating modes; 

 Periodic or continuous monitoring of technical condition; 

 Extended diagnostic service of equipment and separate elements to determine hidden defects; 

 Examination of industrial safety in order to extend the safe operation of the facility or equipment, 

after its normative period of operation; 

 Identification of technical reasons, unscheduled stops, incidents, accidents; 

 Identification of technical condition, and measures for the safe operation of equipment, after 

accidents, fires or other external causes; 

 Determine the effectiveness of energy conservation measures; 

 Determine the effectiveness of environment safety measures; 

 

The aim is to maintain the technical condition as close to designed one as possible using the results 

of technical diagnostic to optimize operating modes and conduct repair work. 

 

Diagnostics during repairs of gas compressor equipment. 

 

Main objectives: 

 

 Make recommendations on repairs types and schedule, including detailed defect identification; 

 Repairs quality control; 

 Issue conclusions after repairs for starting the equipment. 

The purpose is to define work required to restore the technical condition of the equipment as close 

to designed as possible at minimal cost, using the methods and means of technical diagnostics and repairs 

quality control. 

 

Diagnostic services in reconstruction or modernization of compressor stations 

 

Main objectives: 

 

 Optimization of modernization or reconstruction scales; 

 Examination of technical specifications for the reconstruction or modernization; 

 Examination of construction solutions for modernization and reconstruction; 

 Quality control of reconstruction works at compressor station; 

The purpose is to prove that reconstruction or modernization works are reasonable and provide 

quality assessment of the reconstruction. 

Decommissioning, disposal 

Main objectives: 

 Research of ability to use the equipment in other profiles; 

 Research the possibility to re-use individual elements of the equipment. 

The purpose is to minimize costs of purchased equipment. 

(Lopatin A., 2009) 
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7 Specificity of gas pumping units’ diagnostics 

 

Gas pumping unit is one of the most complicated object for diagnostics. Despite the fact that gas 

turbine engines are the same as used in aviation and navy, existing methods of diagnostics could not be 

implemented there.  

Gas pumping unit’s operation includes complex of different processes which are connected by 

mechanic, thermodynamic, hydraulic or electric interactions, forming large dynamic system where series of 

input and output parameters characterize current condition of the unit. 

It is hard or even impossible to find universal solution for diagnostics, because of wide variety of 

systems and physical principles of the units. Even small deviations in construction have a significant impact 

on operation parameters.  

 

Wide range of variable parameters requires development of special diagnostic scheme each gas pumping unit. 

The main reasons:       

       

 Large quantity of gas pumping unit types (65 engine types, 102 centrifugal compressor types and 

153 compressor-engine combinations);  

    Significant differences in gas pumping unit construction (single shaft, twin-shaft, different 

centrifugal compressor types); 

  Gas pumping unit difference (stationary, aircraft engine, marine engine) with significant difference in 

construction, assembly  technique, technical maintenance and repairs. 

  Wide range of engine power 2.5-25 MW and efficiency 16-38% ; 

  Diversity and various principle of auxiliary systems in gas pumping unit; 

  Differences in operating time; 

  16-30 thousand hours between heavy overhaul and 8-16 thousand hours between mid-life repairs; 

  Long continuous operating time (up to 8000 hours); 

  Different operation schemes for gas pumping units at compressor stations;  

  Significant differences in operation conditions and climate; 

  Different skill levels of staff and diagnostic organizations qualification;  

  In some cases it could be difficult or impossible to test the equipment during operation; 

  Significant differences in gas pumping units types and in thermodynamic characteristics; 

  Significant differences in reliability of gas pumping unit’s elements;  

  Compressor stations poorly equipped with measuring devices and low measuring accuracy;  

  Measured parameter types can vary from station to station; 

  Influence of pipeline on the gas pumping unit; 

  Different equipment with instrumentation, diagnostic tools and systems, qualification level of 

personnel;  

  Difficulties in measuring parameters in turbine setting. 

(Lopatin A., 2009) 

It must be taken into account, that parameters and defects have very complex dependence. So in a 

case when technical condition of one element changes, several parameters can change. At the same time, 

change of one parameter can be caused by several defects. Due to this complexity, several diagnostic methods 

should be applied at the same time, also at several parts, which are suspected to be the reason of parameter 

change.  

 

Diagnostic service should be projected with the beginning of pipeline design in order to be more 

efficient. And the key requirements should be implemented on design stage. 

Equipment should match worldwide level and required diagnostic service level should be determined.  
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These indicators should not be below the world average values, at the start of serial production of 

equipment.  

Industrial safety requirements assessment is necessary at the stage of diagnostic assessment; 

Diagnostic service should match designed construction, determine controllability, modularity, interoperability, 

easy removability, recoverability, environmental safety and energy efficiency;  

The indicators of maintainability, modularity, interoperability, easy removability, recoverability, 

availability, characterize the degree of the technological construction of the equipment. That is to say, its 

suitability for the reconstruction in diagnostic services, and in the repair. 

Controllability is achieved by constructive solutions, choice of diagnostic means, special  tests to 

assess diagnostic methods.  

Availability and easy removability of elements saves time and costs for repairs and renovation. 

Easy removability depends on design of connectors and availability of necessary tools. Thus 

probability of error during installation must be minimal, for example, ensuring the possibility of coupling 

elements in a single position. Auxiliary work should be minimal in order to improve availability. one of the 

most effective ways to increase availability is groping elements which require frequent maintenance in one 

block. 

One of the most effective means to improve processability of the repair service is a modular 

(blocking) designs. The modular design allows you to parse an object into separate modules, each of which 

can be independently repaired and used to complete the equipment of this kind and type. 

Interchangeability of parts is important for diagnostic. The benefits of interchangeable parts, 

especially in conjunction with the standardization and unification, for example, the application of completely 

universal fasteners. 

The concept of recoverability with respect to the damaged structural elements strongly depends on 

the level achieved in the process of recovery service. Depending on the complexity and sophistication of 

technology recovery of the technical condition of the equipment components in the existing modularity, 

interoperability, accessibility and construction of easy removability, this or that technological process can be 

implemented either by a diagnostic equipment service on the stage of operation (low labor intensity), or the 

repair (high labor intensity). 

When monitoring the production of manufactured equipment the problems of quality control of the 

technological cycle of production and acceptance testing of equipment and pipelines MG must be solved 

using various diagnostic methods, departmental acceptance of new types of equipment supplied by the 

customer, giving the necessary conclusions after carrying out work on the departmental acceptance for start-

up of the equipment operation, examination of executive construction documentation for its completeness 

and accuracy, building a database for future monitoring of the technical condition of each piece of equipment 

and facility as a whole, etc. 

Since the acceptance tests are the final step in determining the degree of work fulfillment, it is 

important to be sure that the test methods allows to make accurate assessment of all required parameters, and 

the testing stand is equipped with appropriate software and hardware to  provides all tests needed. 

Unfortunately, until recent time, software and hardware testing process during the acceptance test is 

in lack of support by the industry. Testing stands are still not fully automated, they are not able to play the 

nominal mode, conducting "accelerated" life tests. So the most part of this work is transferred from the 

producer to the customer. Industry in such case has dramatic financial losses because of low efficiency in the 

initial period of operation (the first 2-5 years). 

The most important actions, which should be taken in order to improve diagnostics, reduce finishing 

time, integrate automated control systems, improve existing bench tests are: 

-  automate the collection, transmission, storage and processing of diagnostic information; 

-  provide the entire range of measurement parameters with the required accuracy sufficient 

for evaluation of all the guaranteed parameters and requirements; 

- "accelerated" life tests, tests with simulated and reproduction characteristics of defects and 

malfunctions.. 

Diagnostic services during the construction and commissioning 
works must solve problems of incoming equipment and materials control which are supplied on the 
construction site, quality control of construction work, monitoring of the implementation of the project, 
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determining of technical reasons of accidents and incidents, examine of technical condition and development 
of safe operation instructions for facilities after accidents, fires or other incidents, examine efficiency of 
energy saving and environment protection programs. 

 

The main objectives of the diagnostic service during operation are: 

 Initial inspection of the newly introduced objects, as well objects which are long time in 

operation and have not passed the initial screening in order to obtain baseline data for 

future monitoring of technical condition and evaluation of safe operating time; 

 Determine safe operating time and development of recommendations for operation 

operating modes;  

 Periodical or continuous monitoring of the technical condition of equipment, 

 Conduct advanced technical diagnostics of facilities, and their elements to uncover 

hidden defects; 

 Examination of industrial safety in order to extend the safe operating time of the facility 

or equipment, which spent its normative time; 

 Finding technical reasons of  unplanned stops, incidents, accidents; 

 Determination of technical condition, and measures for the safe operation of the 

equipment after accidents, fires or other external causes;  

 Determine effectiveness of energy conservation and environmental safety. 

Diagnostic services of the repair works must meet the challenges of issuing recommendations on the 

duration and type of repair, repairs quality control, estimated number of years of safe operation after the 

repair, and issuance of the necessary conclusions, after repairs, for starting the equipment. 

The main objectives of the diagnostic services in the reconstruction and modernization: 

 Optimization of reconstruction or modernization; 

 Statements of work for the reconstruction or modernization; 

 Examination of the reconstruction projects in order to verify compliance with pledged 

constructive solutions to technical requirements 

 (Zaritsky S., 2003) 
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8 Main types of gas pumping unit malfunctions and its 

classification.  

 
It is difficult to classify defects because of diversity of factors which influence on development of fault. 

However, defects of gas pumping units can be divided into several groups, depending on impact on output 

parameters or influence on reliability of their components and systems. 

Output index is an indicator of the quality characteristics of the object. Output index shows all changes in 

technical condition, change of operating mode and ambient conditions. 

 

 Defects can be divided into groups depending on difference in working principles, physics of  

diagnostic: 

 defects of  gas air flow duct in gas turbines or centrifugal compressor; 

 defects in oil system; 

 defects in fuel system; 

 defects in control and measurement system; 

 malfunction of  anti-icing system; 

 malfunction of  gas turbine engine and centrifugal compressor rotors. 

 First five groups are more suitable for parametric diagnostics during operation of  gas pumping unit, 

while vibration and acoustic based diagnostics are better for dynamic systems. 

 However, this doesn’t exclude possibilities of  combined use of  parametric and vibration based 

diagnostics. 

All defects and malfunctions can be split in two types in terms of effect on efficiency or reliability. 
So, reliability is evaluated in terms of probability of failure, and efficiency in values. This classification of 
malfunctions is reasonable because it determines main approaches for diagnostic methods and develops 
algorithms for automatic control systems. 
 Defects affecting reliability, usually lead to failures of  secondary elements of  gas pumping unit. The 

reasons of  such failures are: 

 - Bad design decisions and choice of  control parameters. Usually are removed during modification; 

 Technological. Quality of  construction and stability of  gas pumping units production; 

 Quality of  used materials; 

 Operational. Low quality air, fuel gas, oil used in gas pumping unit; 

 Quality and timeliness of  repairs. 

 Also, operational violations can be the reason of  some failures. 

(Mazur I., 2004) 

 

Briefly, main failures of gas pumping unit’s elements. 

        

Compressor failures 

The most common reason of compressor failures are different blades defects or even blade complete 

destruction. This caused mainly by vibration, high level of dynamic loading stress (especially on resonance) 

insufficient strength of blades, erosive wear, corrosion, manufacturing defect, foreign particles or objects in 

gas-path. Blade failure often causes vibrations or compressor surge. 

Symptoms of blade destruction are loud sound, increase of vibration, decrease of rotation speed and 

rise of temperature before turbine to levels upper design ones. 

If blade destruction caused compressor surge, then loud noise appears also temperature fluctuations 

and increase of vibration, exhaust out of air intake.  

Blades destruction leads to retreatment of gas pumping unit from operation, if it is not possible to do it 

on the site. 

Most of the blade failure is caused by fatigue stresses and resonance vibrations.  

Visible defects can be seen with the use of endoscopes, after stopping the unit. Invisible defects are 

detected with other nondestructive diagnostic methods on opened gas pumping unit.   
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Combustion chamber failures 

Common defects of combustion chamber includes: a blowout and burnout, burnout of the combustor 

can, deformation of the combustor can. 

A blowout can be caused by surge, foreign particles in compressor (for example ice), decrease of fuel 

supply, abrupt change of operating mode of gas pumping unit. 

Burnout of combustor can is possible in case of clogging, incomplete fuel combustion, lack of cooling 

air, during surge. 

In some operating modes of flame, vibrational burning can occur. It’s amplitude, frequency and 

pressure depends on acoustic properties of combustion chamber. This burning can cause destruction of 

combustion chamber elements. Usually these defects can be examined by endoscope.  

 

Gas turbine failures 

The most common defects of turbine blade are stretching, burnout, breakage or damage, fatigue 

damage, high temperature corrosion, bearings failure. 

Blades’ stretching is caused by centrifugal forces in high temperature conditions. In this case plastic 

deformation can lead to grazing of static parts and eventually break the blades.  

Stretching can be measured by endoscopes, also rundown time of the rotor becomes shorter.  

Temperatures above designed level difference in temperature pattern before turbine, and this is on 

examined on stopped engine by endoscopes.  

Breakaway or damage of blades is one of the most dangerous defects in gas pumping unit.  

The main reasons of gas turbine failures are:  

 Temperature rise upper designed level before turbine, often appears during start process. Stresses 

that appear during this process cause racking, which reduces reliability of the blades.  

 Foreign objects or broken elements of turbine setting (combustion chamber, nozzles); 

 Rotor vibration creates fatigue stresses, which finally leads to breakaway. It is a long process because 

time is needed for split to spread before blade breakaway. When split is big enough, blade breaks;  

 In contrast with compressor, turbine blades has both vibration and thermal stresses, superheat of 

blades and fatigue stresses cause deformations and breakaway of blades.  

 High temperature corrosion is one of the reasons of safety margin reduction. These defects can be 

examined by both endoscopic and nondestructive methods of diagnostic. 

 

The main reasons of compressor’s bearings failure are: 

 Fatigue of material; 

 Excessive wear; 

 The destruction caused by changes in clearance and landing between the parts of the rotor bearings; 

 Damage or failure due to lack of lubrication or a complete cessation of oil supply; 

 Temperature difference caused  by disruption of cooling system(common for turbine bearings) 

 (Saliiukov V, 2007) 

 

Bearing failure symptoms are: an increase in vibration, temperature in turbine inlet, oil temperature at 

the outlet of the bearing, reduction of rotation speed, grinding sound. 

 The destruction of the bearings is also determined by reduction of rotor rundown.  

Splits and destruction of turbine and compressor disks are relatively rare but the most dangerous types 

of failures, because disc destruction cannot be stopped by engine casing. 

Splits on blade-disc junction is the most frequent defect. It is usually caused by thermal stresses during 

change of gas pumping unit operating mode. Also, rotor overspeed can force disc failure. 

After exceeding the designed resource, disc metal becomes more brittle and can break even during 

relatively low stress. 
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Large splits can cause vibration, so this defect can be examined through the use of vibration based 

diagnostics. At high vibration levels engine stops because of automatic protection. Small defects can be 

examined only on stopped unit through endoscope or using other diagnostics methods. 

   

Air intake and flue gas outlet failures 

The most common defects are splits, sediments, deformations and buckling. Splits usually appear close 

to the weld, near attachment flange or on attachment flanges themselves. The reasons of splits formation are 

vibrational combustion, breakaway of blades and vibrations. The reason of buckling is high temperature 

before turbine.  

Dust and malfunctions of air cleaning system cause sediments formation which creates hydraulic 

resistance, thus reducing gas pumping unit’s power and efficiency. 

  

 

Centrifugal compressors failures 

Common defects of centrifugal compressors are:   

 erosive undercut of rotor blades; 

 increased radial clearance of the disc;  

 bearings failure. 

Bad functioning of cleaning systems causes erosion of compressor elements.  Destruction of 

compressor is almost impossible because of large safety margin, but undercut of the blades causes drop in 

efficiency. The same is for increase of radial clearance, which cause flows back to intake line, thus lowering 

the efficiency. 

   

 

Lubricating system failures 

Common failures of lubricating system are:  

 metal chips in oil; 

 large oil consumption; 

 fluctuations in oil pressures, or pressure drop; 

 excessive oil dilution; 

 oil overheat 

The most common reasons for the appearance of chips in the oil are the destruction of the rotor 

bearings, seals wear, cavitation-erosion damage of the material, oil lines damage. 

Seal wear leads to loss of its efficiency. This defect causes increased oil consumption, and detected by 

oil pressure drop and oil temperature rise during operation of the unit. Also pressure drop can be caused by 

oil pump failures or oil pipes depressurization, or clogged oil filters. 

Oil pipes are usually damaged by vibration of the compressor unit, presence of hidden defects in the oil 

line (nicks, defects in welding), oil tubes deformation. 

Excessive oil dilution, appears usually due to depressurization of the system, thereby flue gases enter 

the oil system. Together with cooling system problems it leads to overheating of oil. This is the same along 

with the violation of cooling gas turbine, resulting in overheating of the oil. 

Dilution of oil is associated with reduction in viscosity leads to increases of the amount of oil entering the gas 

turbine, but reduces the lubricity of oil, which negatively affects the lubrication of the rubbing surfaces. 

Usually the main control method for lubricating system – is pressure and temperature monitoring at oil 

inlets and outlets. Technical condition of lubricating system can be evaluated by vibroacoustic method which 

is based on acoustic spectrum analysis, oil pipes vibration, spectral analysis of oil. Nondestructive methods 

and endoscopes are used on stopped unit to examine hidden defects.  

It should be noted, that the reasons of any failures can be different, depending on many factors which 

are unique for each unit. This uniqueness is due to the fact that each gas pumping unit has its own working 

conditions, operating time and many other factors. Thus, these factors are very important for choosing what 

measures should be taken in order to increase efficiency and improve reliability. 
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 Defects and derangements of  gas pumping unit are examined in order to find similarities with defect 

classification usual for this object. Besides diagnostic systems, this analysis is important for improvement of  

construction, production, operation and repairs of  gas pumping units. 

(Zaritskiy S., 2003) (Kluev V., 2005) 

 

Table 8.1 

Typical reasons and nature of gas pumping unit failures. 

 

Equipment 

type 
Typical failures Reasons Symptoms 

A
ir

-i
n

ta
k
e 

ch
am

b
er

 

Resistance increase, drop 

in air quality, unstable air 

velocity field, anti-icing 

system failures 

Malfunctions of cleaning, anti-icing 

and acoustic suppression 

Compressor blades vibration. 

Pulsating combustion. Compressor 

blade erosion. Fluttering. Frost up. 

Turbine blade corrosion 

 

C
o

m
p

re
ss

o
r 

Efficiency drop 

 

 

 

 

Deposits in air-gas channel. 

Increased clearances in air-gas 

channel and in sealing. 

 

Change of parameters of 

compressor and GT engine as a 

whole. Compressor surge. 

Increased vibration level 

Increased noise level. 

Breakage of blades Dynamic stresses. Deficient 

structural strength. Flutter. Erosive 

wear. Substandard production. 

Failures of anti-icing system. 

H
ea

t 

re
ge

n
er

at
o

r 

High-pressure air losses  

Recovery factor decrease. 

Seal failure of high-pressure 

passage. 

Change of GT engine’s parameters. 

C
o

m
b

u
st

io
n

 

ch
am

b
er

 

 

Thermal ruptures and 

deformations, fatigue 

ruptures and 

deformations, 

combustion liner 

warping. 

Material burnout. 

Local overheating due to 

degradation of characteristics of 

the burners and secondary air 

channel. 

Mixture formation failure. 

Vibration burning. 

Inhomogeneity of temperature 

field in turbine. 

Thermodynamic parameter 

pulsations.  

Increased noise level. 

T
u
rb

in
e 

Efficiency factor 

decrease  

 

Clearance expansion in flow part 

and seals. 

 

Change of GT engine’s parameters. 

Increased vibration level. 

Increased noise level. 
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Equipment 

type 
Typical failures Reasons Symptoms 

Blade break 

 

Change of passage space of 

the flow part.  

Cooling system failures in the hot 

part of GT engine. 

Dynamic stress.  

Thermal stress.  

Insufficient structural strength. 

Flutter. 

Sulfide-sodium attack. 

Surface layer dealloying.  

Substandard production.  

 

Disks break Thermal stress. 

Moving blades grazing.  

Cooling system failures. 

Increased vibration.  

 

B
ea

ri
n

g 
b

o
xe

s 

Fatigue damage. Wear 

damage. Reversal load 

damage. 

Substandard production. 

Insufficient structural strength. 

Deviations in work conditions. 

Insufficient oil supply 

Emergencies influence (rotor axial 

shift, increased vibration, rotor 

misalignment, etc.). 

Change of GT engine’s parameters. 

Increased vibration level, 

Increased noise level. 

Lessened rundown of turbine 

compressor rotor.  

 

S
u
p

er
ch

ar
ge

r 

 

Efficiency factor 

decrease. 

 

 

Flow part erosion. Flow part 

contamination. Seals clearance 

expansion.  

Supercharger parameter change.  

Increased vibration level. 

Increased noise level. 

Impeller breakdown Substandard production. 

Insufficient structural strength. 

Dynamic stress in periphery part of 

the cover disk. 

Defects in the oil-gas seal  Rotor vibration. Nonconformity to 

cleanliness and oil temperature 

requirements. 

Gas loss, axial shift. 

 

(Kluev V., 2005) 
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It is not easy to classify and identify faults and defects because of  diversity of  reasons for these malfunctions. 

Identification of  reasons for malfunctions is an essential part of  defects diagnosing. Only timely identification 

of  defects and forecast of  their further impact on any element will help to maintain gas pumping unit and 

extend its safe operation time. Plan of  gas pumping unit maintenance and repairs is based on the results of  

this research. 

 It should be noted that diagnostic determines only defects which will cause failures in perspective, so 

periods for inspections should be chosen in order to guarantee accurate forecast of  failure. Both gradual and 

sudden failures can be predicted, because they are preceded by developing defects and gradual change of  

parameters. Despite of  the diversity of  diagnostic methods many processes are still poorly understood, so it 

creates some difficulties in forecasting changes of  technical condition. 

 As it was said before, all diagnostic parameters couldn’t be inspected permanently, so diagnostic 

algorithms are limited by defects which cycle from origination to accidental stage is longer than 20 days. 

Integration of  automatic data collection and processing using computer systems, allows to solve the problem 

of  defect detection in significantly shorter periods of  time. It is possible because of  much higher frequency 

of  data collection (up to 50 times faster), also more precise measuring equipment improves final result 

accuracy and statistic data is used to increase reliability of  collected data. 

 Stationary measuring equipment cannot provide full and enough accurate data for whole range of  

diagnostic methods, because of  limits in accuracy and economic reasons. In these conditions, further local 

diagnostic methods should be developed. For this purpose external measuring equipment is used, such as 

vibration analyzers, tools for identification and control of  splits on blades on running machine, and 

endoscopes, borescopes and clearance measurement tools on stopped machine. All these local methods are 

necessary for more precise and deep diagnostic, which require accurate parameter measurement. The main 

aim of  local diagnostic is to prevent serious failures that could not be predicted by stationary equipment. 

  

 The most risky parts of  gas pumping unit in terms of  reliability are compressor and turbine blades, 

turbine disks, combustion chamber, bearings, gears. Majority of  compressor and turbine blades failure are 

caused by fatigue of  metals due to extreme dynamic stresses especially on resonant mode. Also, blades are 

exposed to temperature fluctuations, static loadings and sometimes design temperature can be exceeded 

because of  wrong operation conditions. 

  The following table shows the most common failures of  gas pumping unit’s parts. As can be 

seen from the table below: most of  the elements cannot be controlled by stationary measurement equipment 

only. So, the most reliable method is inspection with external measuring devices which guarantee perspectives 

in diagnostic abilities. 
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Table 8.2 

The main failures, diagnostic indicators and troubleshooting service 

Failure type 
Diagnostic indicators, available from 

stationary measuring equipment 
Troubleshooting service 

Fatigue damage of 

compressor’s blades. 
Difference of radial clearance. 

Design changes, change blade quantity in 

compressor stage. 

Fatigue damage of turbine 

blades 
- 

Change of blade design, material and 

number of blades. 

Damage of nozzle guide vane - 

New blade material, preserving coatings. 

Avoid overheating and temperature 

fluctuations. 

Damage of blade channels in 

compressor covering 
- Replacement of blade design 

Damage of combustion 

chamber 
- 

Design change, new material, new way for 

attachment of flame tube. 

Damage of centrifugal 

compressor disc 
- 

Replacement of compressor disc 

geometry 

Damage of centrifugal 

compressor bearings 
Rise of bearings temperature Increase bearings area 

 

(Kluev V., 2005) 
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This classification cannot be singlevalued because of  diversity of  defects and their reasons, but it is 

still useful, as it classifies groups of  possible diagnostic methods that should be used in each case. 

The main reason of  failures in mechanic part of  gas pumping unit is blade damage. Around 30-35% 

of  gas pumping unit failures. Often, violation of  starting mode leads to overburnings of  blades, wrong 

temperature distribution, which causes overheating of  blades. Also, blades can be damaged by solid particles 

coming with air in case of  malfunctions in air cleaning system. Even on normal operating conditions turbine 

and compressor blades are subjected to fatigue stresses and splits. Splits are the most dangerous defects 

because they can be caused by impacts, deformations, temperatures, corrosion, vibration etc. and result in 

serious damage. 

There is no direct indicator of  overburnings, so we can only guess with high probability, controlling 

temperature levels and distribution before and after turbine. On stopped gas pumping unit overburnings can 

be detected by endoscopic inspection mostly.  

 

 Blades erosion causes not only mechanical damage but also creates stress concentrators, and change 

in frequency response characteristic. The most serious changes in blade geometry is noticeable with the use 

of  vibroacoustic diagnostic and optical means.  

 The blades operating below Curie point can lose magnetization. Also magnetization can be lost due 

to mechanical impacts. This defect can be found by sensors, based on induction or the Hall effect. 

 Many kinds of  impacts on blades such as temperature, vibration etc. cause fatigue stresses. The most 

noticeable are splits and changes in geometry, usually they lead to changes in vibrations, so the most effective 

methods for their diagnostics are vibroacoustic on running machine and optical on stopped gas pumping 

unit. It is also possible to use other methods that can measure geometry of  the blade. 

 It is possible to detect partial damage of  the blade by relative growth of  vibration, drop of  rotation 

speed and temperature rise before turbine. It should be noted, that blade breakaway leads to growth of  fuel 

consumption but it will hardly be detected by stationary measuring equipment.   

 

As it was mentioned before, shattering of  the turbine discs is the most dangerous type of  failure, because 

sometimes it can even lead to damage of  GT engine body. The most common defects are splits in blade slots 

and in places where disc is attached to the shaft. All these defects are usually a result of  temperature 

fluctuations and local overheatings. Such reasons as shaft overspeed and fatigue stresses can also cause 

complete destruction of  turbine disc, but this kind of  accident is relatively rare. Usually the beginning of   disc 

destruction can be detected before its complete failure, by increasing vibrations, caused by formation of  splits 

and small deformations. 

 Diagnostics of  gas pumping unit and its parameters helps to reduce the risk of  such failures. But it 

cannot guarantee reliable results, because some other defects of  gas pumping unit can also create vibrations 

and camming action.  

 It should be noted that increased level of  vibrations is a malfunction of  the whole rotational part of  

the gas pumping unit, while exceeding of  designed vibration level is breakage. Increased vibration can be the 

result of  large number of  defects, such as: bearings failure, misalignment etc. 

Combustion chamber technical condition has significant influence on reliability of  gas pumping unit. 

Damage of  combustion chamber leads to forced stops, unstable burning lowers resource of  the turbine parts. 

The main defects of  combustion chamber are splits, overburns and deformations of  flame tube which are 

caused by thermal stresses due to high temperature gradients and temperature changes during engine start up 

and stopping. Vibrating combustion causes fatigue stresses which result in split formation in welds and 

cooling openings. Insufficient cleaning of  fuel gas and condensate presence in it can cause sediments 

formation on nozzles, and flame tube which results in temperature difference and finally burnout of  

combustion chamber.  

At present, combustion chambers are the least accessible for diagnostics, so the most useful method 

is parametric control of  temperature field after turbine. 

In annular combustion chambers deposition of  carbon can be controlled by pressure changes at 

inlets. Thus, pressure rise can indicate this defect. 

Deeper inspection of  combustion chambers requires development of  special local diagnostic 

methods. Combustion chamber is  an element that both responsible for air-fuel mixture formation and 
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combustion, so the most likely diagnostic ways are development of  acoustic methods and methods based on 

flue gas analysis. On stopped gas pumping unit the most efficient is visual endoscopic control. 

Speaking  about bearings, which failures were described before, the most informative parameters for 

its diagnostic are vibration, temperature of  its body and oil temperature, metal particles presence in oil, 

physical and chemical parameters  of  oil, rotor rundown. Vibration based diagnostics, parametric diagnostics 

and tribodiagnostics models can be based and developed on these parameters. In diagnostics of  bearings 

these methods are more likely to be used simultaneously in order to give full characteristic of  the object as 

they are based on various principles. 

Diagnostic methods based on analysis of  particles in oil (tribodiagnostics) and vibration based 

diagnostics are mostly preferable for detecting malfunctions of  gears, bearings and other moving-contacting 

parts which are subjected to wear. In fact, temperature rise caused by defects in bearings and gears is so 

negligible, that it’s hard to detect this change by existing measuring means. So, reliability of  these systems 

mostly depends on functioning of  lubricating system. 

 Malfunctions of  oil system are classified by its physical nature and influence on parameters. 

 Oil system malfunctions. For instance: sealing failures, oil pipes failures, oil cooling system failures. 

 Malfunctions of  lubricated details such as gears and bearings. 

 Change of  physical and chemical properties of  oil. 

Current classification is useful for identifying possible diagnostic methods based on defect 

development mechanism. First group of  failures is better to be inspected by parametric, visual and 

tribodiagnostics separately on the first diagnostic stage and all together on the second stage. Tribodiagnostics 

is effective for inspection of  lubricated parts. And oil chemical properties can be based only on physical and 

chemical properties analysis. (Bogdanov E, 2006) 

Centrifugal compressor reliability depends on compressor disc, vaned diffuser, sealing and bearing. 

The reasons for disc failures usually are: 

 High level of  dynamic stresses; 

 Erosive wear. 

 Typical failure of  oil-gas sealing is wear of  graphite rings. Usually they are damaged by thermal and 

other stresses. Technical condition of  the sealing is determined by rotor vibration level, water content, gas 

content, oil dilution and transported gas condition. 

 Axial bearing resource depends on axial load, pressure and quality of  oil, quality of  manufacture. 

 Malfunctions affecting gas pumping unit efficiency influence such parameters as: power, efficiency, 

technical condition coefficient, compressor stall margin, all these changes influence gas pumping unit 

operation parameters.  

 Main malfunctions influencing efficiency of  gas pumping unit are presented in the table 8.3 
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Table 8.3 

Influence of  gas pumping unit’s malfunctions on its efficiency 

Malfunction 
GPU, % 

Possible recovery 
maximum average 

Increase of radial clearance in compressor 
5 1 

Replacement of compressor rotor, add 

mastics on compressor covering 

Deposits in air-gas flow part 2,5 1,5 Compressor cleaning during operation 

Increase of clearance in high pressure 

turbine 
5 2 

Blades replacement 

Efficiency drop of power turbine 2,5 1 Replacement of blades 

Leakages in heat exchanger 15 4 Replacement of heat exchanger 

Leakages in centrifugal compressor 10 2 Repair of sealing, undercutting repair 

Rise of hydraulic resistance in inlet and 

outlet 
2(1,0) 1,0(0,5) 

Clean inlet filters (air flow surface 

cleaning) 

Change of nozzle guide vane are at high 

pressure turbine and power turbine 
3(1,5) 1,0(0,5) 

Replacement 

Air heating at compressor inlet 

 0
3


a

tt  
2,0 0,7 

Insulation, avoid leakages 

Erosion in centrifugal compressor 7,0 2,0 Replacement of compressor discs 

  

(Vertepov A, 2011) 

 

 Majority of  such defects characterizes technical condition of  air-gas channel in GT  engine and flow 

part of  centrifugal compressor. It should be noted, that some output parameters of  gas pumping unit (power, 

efficiency) also indicate defects that can lead to breakdown. 

 So, existing classification of  defects and their indicators cannot be singlevalued, it means that further 

inspection of  gas pumping unit should be more detailed and more factors  should be included in 

development of  diagnostic algorithms.  

 Changes in area of  turbine usually affect turbine and compressor parameters more than on turbine 

efficiency. While clearance affects turbine and compressor efficiency. Changes in heat exchanger hermiticity 

affect fuel consumption of  gas pumping unit.  

 Sediments in compressor lowers efficiency and power, fortunately, it can be fixed even on running 

gas pumping unit, by washing the compressor.  

 Blades erosion and increased clearance in sealing of  centrifugal compressor lower efficiency of  gas 

pumping unit due to drop in rate of  compression. 

 As was noted in the table, engine stall appears after stable operation reserve is exceeded. This  

changes complex of  parameters and affected by such defects as clearance changes, turbine area, deformation 

and overburns.  

 Resistances in gas path of  compressor affects the level of  hydraulic losses and temperature growth 

before compressor. 

 It should be noted, that all these defects can be inspected by parametric diagnostics methods, 

together with vibration based diagnostics and acoustic methods. The common feature of  the listed failures 

influencing the efficiency of  GPU functioning, is that their occurrence and development become apparent 

through change of  efficiency factor and particularly thermal-and-gas dynamic parameters registered by built-

in hardware, i.e. they can be successfully identified on the basis of  methods of  parametrical diagnostics. This 

does not exclude the possibility of  using other methods, for example, vibroacoustic, visually-optical. Visually-

optical methods can be used only at stopped GPU. 

It should be noted that the gas pumping unit as the object under diagnosis has certain structure, i.e. 
the ordered set of  complexes of  elements working together, forming a structure (design) of  the object 
providing the performance of  the set functions by it.  
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The object structure is characterised by quantitative parameters, which are called structural 

parameters. Coming into service GPU possesses certain structure and a set of  engineering properties 

depending on the structure. Numerical values of  the structural parameters thus correspond to the established 

parameters under drawings and specifications. Such values of  parameters are called the nominal one.  

The macrostructure remains the same during operation. The quantity and relative positioning of  the 

components and assemblies in a particular GPU are constant, but their interaction in joints of  separate 

components (microstructure) changes due to wear process and other destruction processes.  

The way of  component interaction changes when microstructure changes. Besides microstructure 

change, the change of  structural elements is possible in some cases, for example, the change of  mechanical 

properties due to overheat, shaft whipping.  

Considering the change of  GPU structure, it is possible to discuss the technical condition during 

particular period of  time characterised by a certain set of  certain values of  the structural parameters of  the 

components and assemblies, for example radial clearances, the feed through area of  the turbine nozzle 

diaphragm. Change of  structural parameters of  GPU affects the performance. For example, the increase of  

radial clearances, feed through area of  the turbine nozzle diaphragm leads to decrease in GTP capacity, 

temperature growth in front of  the turbine, decrease in compression degree. Interaction of  structural 

elements appears through the change of  output parameters (OP), and their values are influenced by external 

conditions and operating mode. 

Output parameters are divided into performance parameters defining the performance functions of  

GPU (fuel consumption, energy generation, heat exchange, combustion emission for GTP), and 

accompanying processes (vibration, shocks, noise, radiation and other processes).  

 Interrelation of  structural parameters and output parameters of  GPU allows under certain 

conditions assuming the latter as indirect signs of  failure condition of  the assembly (unit) without its 

dismantling, because output processes and corresponding output parameters of  GPU can be observed and 

measured from the outside. 

The choice of  monitored parameters (MP) for further formation of  initial parameters making the 

basis of  diagnostic models is usually ambiguous, which is caused by features of  certain GPU, as well as 

various failures associated with OP. In most cases the change of  a certain parameter is caused by various 

malfunctions, and each malfunction usually appears in change of  several parameters (table 8.4).: 
(Zaritsky S., 2003) 
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Relation of GPU performance parameters to failures influencing the GPU operation efficiency  

Table 8.4 

 

Failure type 

Basic operation reasons for 

occurrence of malfunction 

Change of parameters 

Conditions: 

Ne=idem (GPU),  

n

Q
H1

=idem (Centrifugal 

compressor) 

Change of the feed through area 

of  the turbine nozzle diaphragm 

Casing warp, deformation, blade 

shedding 
Р4, Т1, nвд, Gк, е 

Expansion of the compressor 

radial clearances 

Rotor vibration, curving, rotor 

misalignment, bearing boxes 

defects 

Р4, Т1, nвд, Gк, е 

Expansion of the turbine radial 

clearances 

Rotor vibration, curving, rotor 

misalignment, bearing boxes 

defects, casing warp 

Р4, Т1, nвд, Gк, е 

Expansion of end seals radial 

clearances 

Rotor vibration, curving, rotor 

misalignment, bearing boxes 

defects 

Р4, Т1, nвд, Gк, е 

Seal failure in regenerator airway Thermal deformations at GPU 

starts and shut-offs 
Р4, Т1, nвд, Gк, е 

Damaging heat at compressor 

input 

Absence of isolation in 

regenerators and gas ducts, wrong 

GPU assembly in CS, leakage of 

check valves of anti-icing systems 

Р4, Т1, nвд, Gк, е 

Increase of flow resistance of 

the GTP input passage 

Icing, dust deposits, erosion Р4, Т1, nвд, Gк, е 

Increase of flow resistance of high 

pressure passage 

Dust deposits, erosion Р4, Т1, nвд, Gк, е 

Increase of flow resistance of GTP 

outlet passage 

Deformation Р4, Т1, nвд, Gк, е 

Compressor flow path 

contamination 

Declination of air purification 

efficiency, absence of periodic 

cleaning 

Р4, Т1, nвд, Gк, е 

Supercharger erosion Declination of gas purification 

efficiency 
н, н 

Clearance expansion in CS seal Vibration, axial shift н, i 

Stability margin degradation of 

compressor operation 

Reduction of high-pressure turbine 

feedthrough area, increase of inlet 

passage resistance, accelerated start, 

increased blade wear 

Р4, Т1, nвд, Gк, 

Vibration, noise 

Stability margin degradation of 

supercharger operation 

Flow rate decrease, compression 

rate increase 
Р2н, Т2н, i n ,  

Vibration, noise 
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At the same time, despite the mentioned ambiguity, requirements determining the choice of  initial 

parameters are general which is predetermined by necessity of  receiving diagnostic models in each particular 

case, and such models should provide the highest possible sensitivity of  diagnosing and unequivocal 

identification of  failures. 

According to the general requirements, the initial parameters should have an adequate accuracy and 

stability of  indications in time; possess the greatest diagnostic value among other parameters, i.e. to have the 

greatest deviations and to provide the greatest deviations of  the diagnostic parameters defined on their basis, 

which correspond to the failure condition for each malfunction; it is preferable to take the built-in hardware 

as the basis; to provide simplicity and convenience of  hardware means operation. 

The diagnostic information allows influencing the two qualitative gas pipeline characteristics joined 

by the purpose unity: reliability and efficiency of functioning. Therefore, as it has been already mentioned, 

depending on the characteristic, the defects and malfunctions can be divided into two different groups 

affecting accordingly the reliability and efficiency of functioning of this or that element of the gas pipeline 

and the gas pipeline as a whole.  

The peculiarities of the mentioned malfunctions have predetermined the difference of 

methodological approaches to their detection, nomenclature and effectiveness of various diagnosing methods 

used for their revealing. 

For instance, the parametrical diagnostics methods are more preferable for the malfunctions 

influencing efficiency of GPU functioning. Meanwhile, their importance is relatively not great for 

malfunctions influencing GPU reliability, and the methods of tribo - and vibrodiagnostics prevail here. 

The situation is totally different for diagnostics of pipelines and process equipment. The non-

destructing test methods and vibrating diagnostics are the most effective methods for process pipelines. 

The basic portion falls on electrometric methods and non-destructing test methods (mainly pig 

inspection) for the linear part. 

Non-destructing test methods are most effectively to be used for diagnostics of vessels. 

It that almost all basic methods of diagnostics are applied when diagnosing gas pipeline system 

elements though proportion such methods differs depending on the type of object. In other words, the 

nomenclature and proportion of the used methods in each particular case depends on characteristics of this 

or that element of the gas pipeline system considered as the object under diagnosis. 
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9 Documentation for gas pumping units 

 
As can be seen from diagnostic results of gas turbine engines, such parameters as compressor rotation speed, 

power turbine rotation speed, pressure at compressor exit, temperature at high pressure and power turbine 

exit, fuel consumption (or efficiency) – are unique for each gas turbine engine. The only common thing is 

that at nominal operating mode new gas turbine engine provides 16 MW (2% allowed error) and efficiency 

around 36.3% (with allowed 2% error) 

 
The main documentation of gas pumping unit consists of two log books: engine log book and centrifugal 
blower log book (later, if centrifugal blower was replaced, new log book of replaced flow part of centrifugal 
blower appears) This replacement creates absolutely new centrifugal blower with its own characteristics. This 
is usual for boosting compressor stations, which are used on continuously decreasing pressure of deposit. 
Compressor flow part is rarely replaced on other compressor stations. 
 
Engine log book contains main control parameters: compressor rotation speed and rotation speed of power 
turbine, temperature at high pressure turbine exit and at power turbine exit, pressure  at compressor exit. 
Also it contains main characteristics of engine: power and efficiency, which cannot be determined directly by 
any measurements, but require special calculations and further comparison of results with characteristics of 
new aggregate. Data is collected for three operating modes: no-load operation, nominal and maximum load. 
 
Centrifugal blower log book has characteristics of the blower (three charts): dependence of compression rate, 
efficiency and power on gas flow in compressor. 
 
New gas pumping units are produced in accordance to technical specifications, which are created by producer 
of the facility and accepted by Gazprom. Characteristics of new aggregate should correspond characteristics 
stated in technical specifications. 
 

As was mentioned before, each gas turbine engine and gas pumping unit requires its own methodic for 

determination of output parameters. So, further research would focus on new methodic for determination of 

output parameters of gas pumping unit GPU 16 “Ural”. 

(Vertepov A, 2011) 
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10 Calculation methodic for determination of gas pumping 

unit’s “16 Ural” output parameters. 

10.1 Scope 
1 These guidelines determine main output parameters of gas pumping unit type “16 Ural” such as: 

power, efficiency, technical condition coefficient etc. 

2 These guidelines also establishes requirements for organization and personnel engaged in the 

determination of the main output parameters of gas pumping units Ural 16, and specifies requirements for 

measurement equipment  

3 These guidelines are intended for use in gas turbine performance tests of gas pumping units 16 

Ural at compressor stations in "Gazprom" JSC. 

4 These recommendations are intended to define the output parameters of gas-turbine plants in an 

ambient air temperature range from -50 º C to +40 º C and at gas turbine load range not less than 60%. 

10.2 The performed research 
This research is focused on determination of output parameters of gas pumping unit GPU 16 “Ural”. 

Each gas compressor unit type requires individual research of its operating parameters in order to create a 

methodic for it. 

I participated in development of the methodic and undertook a study of possibilities for implementation 

of this guidelines on real GPU 16 “Ural”.  

First, it should be noted that the first problem we faced is accuracy of measurements. Most of the data is 

collected by the use of stationary measurement equipment, which accuracy is usually less than required for proper 

result of calculation. So, it required to develop the accuracy requirements for measuring equipment, and state 

possible error rates for each parameter. Only well calibrated measuring devices provided data that gave adequate 

results of calculation. 

Measurements were undertaken on working gas pumping unit GPU 16 “Ural”. Each parameter was 

measured several times on stable operating operating mode. The indicator of operating mode stability was speed of 

temperature change, which shouldn’t exceed 5 degrees per 30 minutes. Also, three different operating modes were 

chosen for examinations. 

10.3 Key points   
1 Output parameters of gas pumping unit are measured by operational instrumentation which is used 

in automatic control system of gas pumping unit. 

2 Physical properties of natural gas (lower heating value, density at 20 C and pressure 101,32 kPa) are 

determined at chemical laboratory at compressor station. 

3 Reduced parameters of gas pumping unit are calculated according to state standards. 

4 This methodic is developed according to state standards 

10.4 Measurement order 
1 Preparations start, operation and maintenance of gas pumping unit during measurement process is 

performed by compressor station staff.. 

2 All measurements should be performed at stable operation of gas pumping unit. The indicator for 

stable operation is temperature change, which shouldn’t be more than 5 C in 30 minutes. 

3 De-icing system is out of operation during measurements. 

4 On each operating mode measurements are performed at least twice, with 10-15 minutes interval, 

during 30 minutes. 

 5 Gas pumping unit is examined at least at 3 modes, in a range of loads from 60% to maximum 

allowed for engine and gas pumping unit. 

6 Measured parameters scheme is presented below: 
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Fig 10.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Measurement scheme 
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10.5 Measured parameters and permissible errors 
Table 10.1 

Measured value Nomenclature Measurement error 

Ambient temperature at   0,2 0С 

Ambient pressure B   200 Pa 

Exit temperature of high pressure turbine 
1t  оС 

Exit temperature of low pressure turbine (Power turbine) 
2t  оС 

Relative air humidity   ± 3% 

Pressure loses in inlet line  
*

3P  0,2 % 

Compressor inlet temperature 3t   0,2 0С 

Exhaust line pressure losses *

2P   0,2 % 

Revolution rate of high pressure turbine 
ГГn   10 rpm 

Revolution rate of power turbine  СТn   10 rpm 

Manometric pressure of fuel gas  
ТГP  0,2 % 

Fuel gas temperature TГt   0,2 0С 

Gas density at 

(Т=293,15 К, Р=0,1013 MPa) p   0,5 % 

Lower heating value 
H

pQ   0,5 % 

 

Evaluation of errors shows that total error is less than 4 % 
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10.6 Calculation methodic for output parameters of gas 

pumping unit  
1 Initial data for calculation of output parameters is presented in following table 2. 

 

Table 10.2 

Parameter Nomenclature 
Unit 

measure 
Range of values 

Ambient pressure B  kPa 89 … 107 

Ambient temperature at  °С -50…+40 

Relative air humidity   % 0 … 100 

Air temperature at compressor inlet 3t  °С -50…+40 

Difference between ambient pressure and total air 

pressure at engine inlet 
*

3P  kPa 0…3 

Difference between ambient pressure and static air 

pressure compresor 3P  kPa 0….12 

Difference between total pressure of gas at power 

turbine exit and ambient air pressure 
*

2P  kPa 0…6 

Compressor revolution rate 
ГГn  rpm 9000…12000 

Power turbine revolution rate СТn  rpm 3000…7000 

Fuel gas density at 20 оС and 101,32 kPa 
р  kg/nm3 0.6 … 0.8 

Gas temperature at high pressure turbine exit 
1t  оС 300-900 

Gas temperature at power turbine exit 
2t  оС 300-600 

Fuel gas LHV H

pQ  kcal/m3 7000 … 9000 

 

2 Ambient temperature, temperature at compressor inlet and gas temperature at power turbine exit 

are calculated by following equations: 

15,273 aa tT    [K],       (1) 
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15,2733

*

3  tT    [K],                             (2) 

15,2732

*

2  tT  [K].      (3) 

In case of t3 absence, assume that t3= ta, anti-icing system should be out of operation at that moment 

 

3 Ambient pressure is found by following equation: 

BPa  010197,0   [kgf/cm2].     (4) 

4 Total and static pressure of air at compressor inlet are found from these equations: 
*

3

*

3 010197,0 PPP a 
   

[kgf/cm2],    (5) 

33 010197,0 PPP a     [kgf/cm2].    (6) 

5 Total pressure at turbine exhaust is calculated by use of this equation: 

 

ЭПa KPPP  )010197,0( *

2

*

2    [kgf/cm2],   (7) 

where 

2,9775 +
010197,0

5889,3
010197,0

6071,1
*

2

2

2
*













 








 


Ра

PРa

Ра

PPa
KЭП  – 

empirical correction factor. 

6 Reduced air flow rate at compressor inlet is calculated by following equation:
 

      035,19155,49311232
2

 ВХВХВХ ПР
G     [kgf/cm2], (8) 

where  ВХ1 – gas dynamics complex 

 
*

3

311
P

P
ВХ   .      (9) 

7 Air mass flow at compressor inlet is: 

*

3

*

3 15,288

03323,1 T

P
GG

ПРф ВХВХ     [kgf/cm2].    (10) 

8 Air flow parameter: 

 
*

3

*

2

P

T
GGП

ПРПР ВХВХ     







 2cm

c

K
.    (11) 

9 Power parameter:  

2956,149
1700

6166,759

2

1700
7992,1848

3

1700
6256,505 
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СТ

NeП

.
2














Кkg

cmkW
 (12) 

 

10 Actual power of gas pumping unit  

  *

2

*

3 TPNeПNe СТСТ     [kW].     (13) 

11 Reduced power of gas pumping unit in station conditions: 

3

15,2880332,1

TP
NeNe

a

CTСТПР
    [kW].   (14) 

12 Reduced revolution rate of compressor:  
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  2632,01
15,288

3T
nn ГГГГПР

   [rpm].   (15) 

where  air humidity coefficient, which influences compressor rotor revolution rate (depends on current 

air temperature and relative humidity   and presented in table 10.3). 

 

 

 

 

Table 10.3 

Ambient temperature, °С 

Relative humidity, % 

20 40 60 80 100 

Coefficient α 

-30 0 0 0 0,0005 0,0007 

-20 0 0 0,0005 0,001 0,0014 

-10 0 0,0005 0,001 0,002 0,0025 

0 0 0,0015 0,0025 0,003 0,004 

10 0,0015 0,0025 0,004 0,006 0,0075 

20 0,003 0,006 0,008 0,012 0,015 

30 0,006 0,011 0,016 0,022 0,028 

40 0,01 0,019 0,028 0,038 0,048 

50 0,016 0,033 0,048 0,065 0,082 

 

13 Reduced revolution rate of power turbine: 

  2632,01
15,218

3T
nn СТСТПР

   [1/min].   (16) 

14 Losses of total pressure at the compressor inlet 

14.1 The actual total pressure recovery coefficient at the compressor inlet: 

a

ВХ
P

P*

3 .      (17) 

14.2 Total pressure recovery coefficient at compressor inlet according to technical specification: 

7282,5
10000

116,14
10000

074,14
10000

6898,4

23










































 ПРПРПР ГГГГГГТУ

ВХ

nnn
 . 

 (18) 

15 The actual coefficient of total pressure recovery at exhaust unit:  

*

2P

Pа
C  .      (19) 

Total pressure recovery coefficient at exhaust unit according to technical specification:  

0495,7
10000

493,18
10000

983,18
10000

5576,6

23










































 ПРПРПР ГГГГГГТУ

С

nnn
  (20) 

16 Correction coefficient for power, required to calculate inlet and exhaust pressure losses after 

reduction to ranges stated in technical specification. 






































 111

1

Ne

С

С

ТУ

CNe

ВХ

ТУ

ВХ
П ККК

ВХ 






 ,   (21) 

where 
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21,753 -
10000

 46,742 
10000

 -24,025

2

ПРПР

ВХ

ГГГГNe
nn

К 












 ,  (22)  

0709,3
10000

4681,3
10000

2056,1

2














 ПРПР ГГГГNe

С

nn
К .  (23) 

17 Effect of power turbine operating mode on gas pumping unit’s power.  

Operation mode dependent revolution rate of power turbine 
РПРCТn  as a function of reduced power, 

according to thrust curve of the engine 

1,2258
10000

3,2935
10000

04,665

2


















 ПРПР

рСТ

NeNe
n

ПР
    rpm .  (24) 

 

Actual revolution rate of power turbine shaft to mode dependent 
РПРCТn  revolution rate ratio:  

РПР

ПР

СТ

CТ

n

n
n  .      (25) 

Power correction coefficient CTK  as a function of 
ПРСТn :   

    3528,03919,3062,30186,1
23


ПРПРПР CTCTCTCT nnnK .   (26) 

 

18 Reduced power of gas pumping unit, when intake and exhaust pressure losses are on the 

designed level according to technical specification and revolution speed of power turbine is on the operating 

mode:   

СТ

П
СТ

К

К
NeNe

ПРПР
    [kW]     (27) 

19 Actual and reduced fuel gas consumption 

19.1 Actual fuel gas consumption ТГG   is calculated by using the measured parameters of gas on 

orifice plate.  

19.2 Initial data for calculation is: temperature and pressure before plate, pressure difference on 

orifice plate, inner and outer diameter and inner groove radius, orifice plate lifecycle, etc.  

19.3 Reduced fuel gas consumption is calculated by this equation:  

H

O

H

P

a

ТГТГ
H

H

TP
GG

ПР


3

15,2880332,1
   [kg/h],    (28) 

where: 
H

OH  - Reduced LHV of fuel gas 11958 kcal/kg; 

H

PH  - Current LHV is calculated: 

H

P

H

PH

P

Q
H


    [kcal/kg],     (29) 

where: 
H

P – current standard density of fuel gas at 20 °С and 101,32 kPa 

Current LHV at the moment of measurement is taken from the laboratory analysis data.  

If it is not possible to measure parameters of fuel gas, then its flow can be evaluated by the following 

equation: 
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ГГ

ГГ

ГГ
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n

n

n

n
G *3200  [kg/h].  (30) 

19.4 Actual fuel gas flow is calculated by this equation: 

H

P

H

Oa
ТГТГ

H

HTP
GG

ПР


15,2880332,1

3    [kg/h],   (31) 

 

20 Effective efficiency of gas pumping unit: 

100
860







H

PТГ

CT
e

HG

Ne
    [%].     (32) 

 

 

8 Determining technical state of gas pumping unit 

1 Technical state in terms of power 

1.1 Plots of the functions: )(
ПРГГПР nfNe   и )(

ПРГГПР ТfNe   are based on measurement of 

3 or more different modes of gas pumping unit operation, applying loads of
ПРГГn  or 

ПР
t1 , up to nominal or 

more (if gas pumping unit load was more than nominal one). Extrapolation is performed if necessary. If 

temperature sensors are damaged and it is not possible to make accurate measurement of gas temperature 1t  

(if thermocouple is damaged and its measurement is not accurate), then it is possible to use 
ПРГГn

 
as a load 

parameter.  ПРNe   on nominal load mode is defined in accordance with obtained results. 

1.2 Reduced temperature at high pressure turbine exit is calculated using the following equation: 

 
 

15,273
15,273

15,27315,288

3

1 





t

t
t ГГ

ПР
   [%].    (33) 

1.2 Technical state of gas pumping unit in terms of power: 

О

ПР

ПР
N

Ne

Ne
K  .       (34) 

2 Technical state of gas pumping unit in terms of fuel  gas: 

2.1 Any possible method (graphically or analytically) is used for creating a function of 

)(
ПРПР ГГТГ nfG  в on 3 or more operating modes, up to nominal revolution rate of compressor shaft - 

ПРГГn , if necessary results are extrapolated. Obtained results are used for calculating reduced gas flow rate 

ПРТГG   at nominal load – revolution rate of the compressor shaft - 
ПРГГn .  

2.2 Technical state in terms of fuel gas is defined by following equation: 

О

ТГ

ТГ

ТГ

ПР

ПР

G

G
K   .      (35) 

О

ТГПР
G   value is 3200 [kg/h]. 
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3 Parameter of gas  compressor unit load. 

Gas pumping unit load parameter is defined as actual power to nominal power rate. This parameter 

shows wear of the engine. 

O

ЗГ
Ne

Ne
П  .      (36) 

10.7 Requirements for organizations, staff and equipment 

 

1 All measuring equipment should be in good technical condition and should be examined in time 

according to Gazprom rules. 

2 Workplaces should meet the requirements. 

3 Organizations which carry out diagnostic works should meet the requirements of Gazprom 

standards.  

4 All specialists must comply with safety rules stated by Gazprom. 

 

 

10.8 Gas pumping unit “16-Ural” output parameters calculation 
 

The following appendix contains calculation of output parameters of gas pumping unit in accordance 

with the methodic which was stated in previous paragraph. Calculation results are presented in table below. 

Fourth column contains links to used equations. 

   

 

Table 10.4 

 

Parameter 
Nomencla

ture 

Measuring 

unit 

Data source or 

equation 

Operating mode 

1 2 3 

Ambient pressure B  kPa measured 100,4 100,4 100,3 

Ambient temperature at  ˚С measured 23,0 23,8 24,0 

 

Temperature at 

compressor inlet 
3t  ˚С measured 28,1 28,9 29,4 

Relative humidity   % measured 62,9 55,1 71,5 

Difference between 

total pressure at engine 

inlet and ambient 

pressure 

*

3P  kPa measured 0,45 0,47 0,64 

Difference between 

ambient pressure and 

static pressure at engine 

inlet 

3P  kPa measured 6,30 6,98 6,79 
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Parameter 
Nomencla

ture 

Measuring 

unit 

Data source or 

equation 

Operating mode 

1 2 3 

Difference between total 

pressure at power 

turbine exit and ambient 

pressure 

*

2P  kPa measured 3,47 3,85 3,82 

Compressor shaft 

revolution rate ГГn  rpm measured 10414 10568 10515 

Power turbine rotor 

revolution rate СТn  rpm measured 4800 5000 4900 

Temperature at high 

pressure turbine exit 1t  ˚C measured 646 674 664 

Temperature at power 

turbine exit 2t  ˚C measured 457 468 463 

Run period of gas 

pumping unit 
- hours 

Recordkeeping of run 

period 
1068 1070 1072 

Fuel gas flow ТГQ   n.m3/h 
Measured by 

stationary equipment 
2997 3273 3094 

Fuel gas pressure 

before orifice plate ТГP  kPa 
Measured by 

stationary equipment 
- - - 

Fuel gas temperature 

before orifice plate ТГt  ˚C 
Measured by 

stationary equipment 
- - - 

Pressure drop on 

orifice plate ТГР  kPa 
Measured by 

stationary equipment 
- - - 

Inner diameter of 

orifice plate 
d  mm 

Orifice plate 

documentation 
- - - 

Outer diameter of fuel 

gas pipe 
D  mm 

Measured  

(Data from 

documentation) 

- - - 

Density at 20 ˚C and 

101,32 kPa ТГ  kg/m3 Gas certification 0,6733 0,6733 0,6733 

Fuel gas LHV 
H

pQ  kcal/m3 
Gas certification 

 
7911 7911 7911 
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Parameter 
Nomencla

ture 

Measuring 

unit 

Data source or 

equation 

Operating mode 

1 2 3 

Calculated parameters 

 air humidity 

coefficient, which 

influences compressor 

rotor revolution rate 

  - Table 2 0,0150 0,0133 0,0184 

Ambient temperature aT  K Equation 1 301,25 302,05 302,55 

Temperature at 

compressor inlet 3T  K Equation 2 301,25 302,05 302,55 

Ambient pressure aP  kgf/cm2 Equation 4 1,02381 1,02381 1,02279 

Total pressure at 

compressor inlet 
*

3P  kgf/cm2 Equation 5 1,0192 1,0190 1,0163 

Static pressure at 

compressor inlet 3P  kgf/cm2 Equation 6 0,95923 0,95229 0,95321 

Total pressure at power 

turbine exit 
*

2P  kgf/cm2 Equation 7 1,043 1,046 1,045 

Gas dynamics 

parameter 
 ВХ1  - Equation 9 0,058867 0,065481 0,062046 

Reduced air mass flow at 

compressor inlet 
 

ПРВХG  kg/s Equation 8 43,82 46,07 44,92 

Air mass flow at 

compressor inlet фВХG  kg/s Equation 10 42,46 44,59 43,39 

Air mass flow 

parameter 
 

ПРВХGП   
2cm

С

К
  Equation 11 1125,81 1191,19 1158,41 

Power parameter 
 

СТ
NeП

  Кkg

cmkW



 2

 Equation 12 310,20 350,80 330,14 

Effective power of gas 

pumping unit СТNe  kWt Equation 13 8543 9732 9103 
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Parameter 
Nomencla

ture 

Measuring 

unit 

Data source or 

equation 

Operating mode 

1 2 3 

Reduced gas pumping 

unit’s power at station 

conditions  
ПРСТNe  kWt Equation 14 8432 9593 8975 

Reduced revolution rate 

of compressor rotor.  ПРГГn  rpm Equation 15 10185 10322 10262 

Reduced revolution rate 

of power turbine shaft.  ПРСТn  rpm Equation 16 4676 4867 4759 

Total pressure recovery 

coefficient at compressor 

inlet. 
ВХ  - Equation 17 0,996 0,995 0,994 

Total pressure recovery 

coefficient at compressor 

inlet in accordance with 

technical specification 

ТУ

ВХ  - Equation 18 0,996 0,995 0,995 

Total pressure recovery 

coefficient at exhaust  C  - Equation 19 0,982 0,979 0,979 

Total pressure recovery 

coefficient at exhaust in 

accordance with 

technical specification  

ТУ

С  - Equation 20 0,978 0,975 0,976 

Factor that takes into 

account influence of 

pressure losses at 

compressor inlet on gas 

pumping unit’s power 

Ne

ВХ
К  - Equation 22 0,932 0,897 0,913 

Factor that takes into 

account influence of 

pressure losses at power 

turbine on gas pumping 

unit’s power. 

Ne

СК  - Equation 23 0,789 0,776 0,782 

Correction factor for 

power, at reduction of ПК  - Equation 21 0,997 0,996 0,999 
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Parameter 
Nomencla

ture 

Measuring 

unit 

Data source or 

equation 

Operating mode 

1 2 3 

losses in inlet and outlet 

to conditions stated in 

technical specifications   

Reduced revolution 

speed of power turbine 

at certain operating 

mode 

РПРCТn  rpm Equation 24 4260 4462 4357 

Revolution speed of 

power turbine to 

revolution speed at 

certain operating mode 

rate 

n   - Equation 25 1,0975 1,0907 1,0923 

Coefficient, showing 

influence of power 

turbine operation mode 

on GPU’s power  

CTK  - Equation 26 1,0282 1,0258 1,0263 

Reduced power of gas 

turbine at calculated 

losses at inlet and outlet 

gas flow parts at 

revolution speed at 

certain operating  

ПР
Ne  kWt Equation 27 8178 9316 8737 

Fuel gas flow    ТГG  kg/h 
measures  

(initial data) 
2018 2204 2083 

Effective efficiency of 

GPU e  % Equation 32 30,99 32,32 31,99 

Reduced temperature at 

high pressure turbine 

exit 
ПР

t1  ˚C Equation 33 606 630 619 

Coefficient of technical 

condition of gas 

pumping unit 
NK  - Equation 34 0,981 0.976 0.984 

GPU’s load parameter ЗГП  - Equation 36 0,568 0,666 0,637 
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11 Conclusions 

Energy saving potential of the whole gas industry, including not only needs for pumping but also 
electrification, heating etc. is estimated to be around 9 million ton of fuel equivalent. As can be seen from this 
diagram 70% of this energy can be saved during gas transmission. 

Gazprom has a series of programs first of all directed on cost reductions. The major are presented on 
the slide.  

Energy saving in these programs is considered not only on operation stages but also during 
construction, modernization and repairs. Nevertheless diagnostics remains the most effective and 
advantageous technique. Even optimization is not possible without parametric diagnostics. 

Parametric diagnostics takes the leading position in the inspection of problems influencing the 
efficiency; this method is based  on evaluation of output parameters by measurement of thermo-gas-dynamic 
characteristics. Meanwhile vibrodiagnostics and visual methods take only 10 and 20 % respectively. 

Objectives of the research are: to justify the use of parametric diagnostics through the whole lifecycle 
of gas compressor unit; Define special features of GPU’s diagnostics; Analyze the impact of various failure 
types; Develop the methodic; Approbation of the methodic. 

Diagnostic inspection is possible on all lifecycle stages of gas pumping units. Beginning from recently 
proposed by professor Zaritskiy stage of project Pre-examination, the idea of which is to identify whether 
new project comply with international standards or not. Then it takes part in control of production process. 
Inspection of newly constructed facilities and parameters of their first startup. The most significant is 
diagnostics of running GPU’s. It is necessary for mode optimization of operating gas pumping units. Also 
forecasts of repairs and quality control are based on the results of diagnostic survey. Almost the same is done 
for modernization. At last inspection of old facilities helps to identify parts that are still valid for further 
application. 

My work contains detailed analysis of various defects, classified by different GPU’s systems. The 
results of this analysis are later used in development of the methodic for calculation of output parameters for 
gas pumping unit. 

GPU is an extremely complex object for diagnostics. Around 200 combinations of Gas Turbine 
engines with centrifugal superchargers, different operational conditions and other aspects; require 
development of methodics almost for each gas pumping unit type.  

GPU 16 Ural, produced at scientific development and production center “Iskra” and is used on 12 
gas transporting companies, with around 40 units installed.  The characteristics of GPU 16 Ural are presented 
in the table  

Until now, there were no documentary standards for determination of output parameters and 
technical state for this GPU. Thus, complex group of researchers at the thermodynamic and heat engines 
department was given a task to develop a normative document for parametric diagnostics of the following gas 
pumping unit type. 

The methodic was focused on operational instrumentation. Measured parameters are presented in 
tables in the text. 

Measurements were taken on stable operation mode, using operational instrumentation on three 
different operation modes. This is the measurement scheme. It should be emphasized that the most strict 
requirements are presented to compressor rotation speed, inlet air temperature and fuel gas temperature. 

This  methodic allows to calculate actual power of gas pumping unit, as well as its efficiency and fuel 
gas flow, which are not measured directly during operation. This is important for optimization of operating 
modes, in order to lower fuel gas consumption.  
two technical state coefficients are calculated also, they are reduced according to ambient conditions. First of 
them showing actual to nominal power rate, and second showing excess fuel flow which is caused by drop of 
technical conditions. 

My task was to develop specification of experimental testing of the methodic with recommendations 
on the measuring accuracy. The result of my research showed that this methodic needs very precise 
measurement of ambient temperature, pressure and temperature of fuel gas. These requirements and 
measurement results led to correction of the methodic in order to achieve satisfactory results of calculations 

A number of graphic charts were plotted using the results of calculations. It allowed to compare 
calculated results with real data. As can be seen, results are very close to real ones, which proves good 
calculation accuracy. As it was new GPU, fuel gas technical state coefficient was close to ideal.  
 

http://multitran.ru/c/m.exe?t=3616777_1_2
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The result of the work is methodic for evaluation of output parameters and calculation of technical state 
coefficients for gas pumping unit GPU 16 Ural. Which will become the official methodic for GPU type after 
adoption by Gazprom 

It should be noted that this methodic allows to: 
Apply technical diagnostics which is low-cost tool for efficiency improvements; 
Parametric diagnostics is the most effective method for identification of malfunctions affecting the 

efficiency; 
Parametric diagnostics should be implemented on all stages of gas pumping facilities’ lifecycle; 
Different GPU types require various methodic; 
Developed methodic is approved and sent to Gazprom. 
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