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To be an acoustician working with gas turbines

Shail Shah, Eva Persson, Lena Larsson, and Ziang Li
Measurement Vibration and Acoustics (CDE TST MVA), Siemens Energy AB, SE-612 83 Finspang, Sweden, shail.shah@siemens-energy.com

The typical challenges while working with gas turbines span across several acoustic disciplines. One aspect
is tackling multiple type of noise sources, e.g. combustion and aerodynamic noise. In contrast to other turbo
machinery applications, e.g. aviation and automotive, spatial constraints are not a limiting factor for
designing noise reduction solutions. Instead, the extreme conditions of temperature, turbulent flow, and
pressure restrict the range of materials applicable for noise mitigation. Another aspect is to be making the
unit in its entirety compliant to noise exposure regulations. The field validation of the turbine package
following the international standards hence becomes a core responsibility.

This paper intends to highlight the requirements of noise solutions for different components of gas turbines,
the challenges in the field measurements, and certain limitations of existing standards. In addition, it also
discusses the facilities available and under development at Siemens Energy AB in an effort to invite
scientific collaboration.

1 Introduction

Open and closed cycle gas turbine (GT) packages are increasingly used for power generation, mechanical drives, and heat
recovery applications. The operating nature and size of the package makes it a significant noise source. Among the
aerodynamic sources, while the compression-relaxation cycle of a turbine produces broadband noise, the rotating blades
generate tonal components [1]. Moreover, sources of other nature, e.g., combustion noise, and radiation from vibrating
surfaces generate low frequency noise. In addition to generation of noise, as the vibrations introduce fatigue in the high-
speed rotating components, its mitigation also becomes a safety issue for the operation of the GT.

The standard regulatory limit for near field noise generated from a turbine package is 87 dB(A) with a design target of 85
dB(A) at 1 metre distance [2, 3], with additional penalties for tonality [4]. This limit is based on the acceptable §-hour
equivalent noise level for personnel work in the proximity of a GT package. Modern usage of GT for electricity generation
involves operation at variable loads and frequent shutdowns for cost effectiveness. Thus, to mitigate the noise generated
by the different components of the GT, the solutions developed, must be applicable for a wide operating range. The air
intake and the exhaust are the major components which have high pressure and temperature operating conditions,
respectively. While the safety enclosure around the core of the turbine mitigates the combustion noise, several auxiliary
systems supporting fuelling, lubrication, and sealing have terminations outside the enclosure and demand duct acoustic
solutions.

To validate if the GT package fulfils the regulation, field measurements are carried out following international standards
e.g., Ref. [5, 6]. The procedures defined in these standards however are designed for rectangular parallelepiped surfaces.
Hence the presence of non-flat surfaces introduces errors and reduces the accuracy of the field measurements. Moreover,
for the far field, environmental conditions, e.g., the wind speed, introduce uncertainties [7] in the estimated noise levels.
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This paper discusses the different noise sources from the GT package in the next section. Following that, Section 3 talks
about the challenges faced in the field measurements, and certain limitations of the standards followed for the
measurements. Lastly, there is an introduction to the in-house facilities at Siemens Energy in Finspang for GT core testing
and component development.

2 Noise generation in a turbine package

Figure 1-a presents the structure of the core of a GT, and the thermodynamic stages of a standard operation. While the
inlet conditions of the core are of ambient temperature and pressure, the exhaust conditions are of high temperature and
pressure due to combustion and diffusion.

The nature of the different noise sources from the core of the GT is shown in Figure 1-b, with the possible transfer paths.
The core of a GT acts as the primary noise source in the package. Beginning with the compressor, in addition to the
broadband noise generated by the turbulent air passing through, there is also a generation of tonal content as per the blade
passing frequencies (BPF). Additionally, the variation in the operating load of the GT leads to either a change in the
rotational speed, and by extension the BPF, or change in the angle of attack of the incoming air in the compressor. Either
of these operations significantly affect the noise generated by the GT, suggesting a requirement for a broadband air intake
silencer with multiple target frequencies.
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Figure 1 a) Structure of a GT core with thermodynamic stages of operation, b) Noise transfer paths (in black) and nature of noise
sources (in blue)

The next noise source, thermoacoustic in nature, is the combustion chamber of the GT. For majority of the cases the
energy content of the flame noise is distributed in the lower frequencies [1] (<3000 Hz), however, as GTs need to operate
on a variety of fuels, the flame transfer function (FTF) and by extension, the dynamic pressure inside the combustor
significantly changes. This leads to a requirement of additional noise treatment in the exhaust transfer path, especially if
tonal content is generated.

For the exhaust side, the BPF of the turbine blades generate the tonal content while the highly turbulent exhaust gases
generate broadband noise in the diffusor which is transferred to different possible outlets, e.g., boiler or chimney.

Another major source of noise is the radiation through the vibrating surfaces of the rotating components of the GT [8].
Although a significant amount of emitted noise is mitigated by the safety enclosure, the base frame radiating noise is a
major source, and needs to be treated individually.

While the cause of the noise is the core of the GT, it should be noted that the noise generated from the core is only one of
the many sources in the entire package, the noise emission level of the GT package is highly dependent on the different
types of applications/outlets. The noise source, nature of the emitted noise, and their contributions in the emission levels
of the GT package are listed below:

e Chimney stack: Monopole noise source at a height emitting exhaust gases at high temperature and pressure,
significantly contributes to the far field emission levels [7].

e FElectric generator: Core rotor generates tonal content, whereas the frame, end shield and shaft vibrations radiate
sound [9]. Significant contribution to the near field emission levels of GT package.

e Heat recovery units: Generally consisting of a boiler attached to a steam turbine and generator, suggesting
similar noise sources as listed above [10] (except the combustion noise). Contributes significantly to near field
emission levels [11]. However, leads to reduced far field noise levels in comparison to chimney stack.

e Gearbox: Generates tonal content and radiates structure borne noise like the case of electric generator.



Lastly, the noise generated by auxiliary systems, e.g., cooling system of lubrication, ventilation of safety enclosure, and
other cooling systems also have a considerable contribution to the GT package noise emissions.

3  Measurement of emitted noise: Challenges and limitations

To validate whether the GT package meets the requirements mentioned in the introduction [2, 3, 4], field measurements
of the entire package are carried out. This section first explores the challenges faced by acousticians while conducting
field measurements of the GT package. Secondly, the ISO standards suitable for conducting the field measurements have
certain limitations, which are also addressed in this section.

Majority of the measurements of a GT package are conducted to measure the sound pressure level (SPL) in the near field
and validate if the requirements are met. However, to check the individual emission of different components, sound
intensity measurements are conducted to calculate the sound power level (SWL) across the components of the GT
package.

One of the major challenges while determining the SPL of the GT package is the presence of background noise in the
measurement area. The source of the noise can be additional machines near the package, or the noise generated by the
different outlets of the GT package itself, as stated in the previous section. Additionally, the presence of standing waves
and reflections between the different components can amplify the background noise levels at the measurement locations.
While correction factors, e.g., K; in ISO 11204 [5] can be applied, the accuracy of the results still reduces when the
background noise level and the GT package emission level have similar values, i.e. difference less than 6 dB. High level
of background noise also results in the reduced accuracy of sound intensity, especially if negative values are observed.
This leads to incorrect SWL estimations of individual systems of the GT package, as well as inaccuracy in noise source
localisation.

The large size of a GT package also introduces challenges in the measurements, especially for intensity measurements as
the scanning surface is large. Moreover, the measurement hardware, e.g. intensity probe or sound level meter are primarily
designed for measuring the noise emissions of machines/objects that are significantly smaller. Thus, the person
responsible for the test needs to test at measurement positions which might be inaccessible, e.g., the air intake duct located
at ~15m height, and near the chimney with high temperature exhaust gases.

Lastly, for all the applications for a GT package, the efficiency and performance of the GT is of higher priority than its
noise emissions. This leads to additional challenges when designing noise reduction solutions, e.g. silencers need to have
minimal reduction in the flow rate and air pressure.

Regarding the determination of SWL, ISO 3744 [6] provides an accurate estimation using the measured SPL. However,
the standard is best applicable for usage in the semi-anechoic room, i.e., sound reflection only from the ground, and
background noise level >15 dB lower than the test object. It is hence impractical to use the standard for field
measurements. ISO 3746 [12] reduces the requirement for the background noise to be 3 dB lower than the test object and
implements the usage of noise correction factor, but it is only applicable for SWL determination, and not for SPL.

For the SPL measurements, ISO 10494 [13], which is particularly designed for GT and steam turbine packages, has
background noise related limitations similar to ISO 3744, and ISO 3746. Nevertheless ISO 10494 introduces a simplified
methodology to conduct SPL measurements, which is adapted and further refined in ISO 11204 [5]. Furthermore, both
these standards impose constraints on the measurements in outdoor conditions, e.g., wind speed should be <5 m/s during
SPL measurements. This leads to incorrect estimation in far field as presented by Ref. [7].

4  In-house facilities — Siemens Energy, Finsping

This section provides an overview of the in-house testing facilities in Siemens Energy (SE) Finspang. These test facilities
support core development as well as component testing. This inclusion of this section is an effort to invite scientific
collaboration for the further development of GT, especially in the field of acoustics and vibrations.

The Norrmalm Workshop at SE houses four test rigs for testing of the entire GT core. The assembled GT cores are tested
for customer verification, along with prototype development tests.

Additionally, a modal analysis lab has been established for component-level development. Structural dynamic
investigations using impact hammer and shaker measurements are conducted on different components at operating
conditions representing their applications. Tests are conducted on blades, stator vanes, fuel pipes, etc., to validate their
design changes, as shown in Figure 2.



F igitre 2 Modal test conducted using impact hammer for one of the rotor blades

A combustion test rig is frequently used to study efficiency of burners, with the possibility of conducting thermoacoustic
measurements of FTF, dynamic pressure, etc.

Lastly, a flow acoustic rig is under development as shown in Figure 3 to develop aero-acoustic noise reduction solutions.

Figure 3 3D sketch of under development flow acoustic test rig for multi-port measurements

5 Summary

This paper aims to act as introduction for acoustics related to GT functioning and development. A variety of noise sources
and their transfer paths during the operation of GT package are summarised. The compliance limits and the measurement
methods to validate them are presented. Moreover, the challenges faced while conducting field measurements of the GT
package are discussed. Lastly the authors also present the test facilities at Siemens Energy in Finspang in an effort to
invite scientific collaboration.
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