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1. Title of the doctoral dissertation forming the basis for the cutfent application
for the degree of Doctor.

The basis for appĘng for the degree of Doctot in the cuffent procedure is the doctoral dissettation of
Ms. MSc Eng. Shivangi Sachar entitled: "Performance and Noise Soutces of a Savonius Wind Turbine
in an Urban Environment." The supervisot of the dissettation is Prof. Dt. Hab. Eng. Paweł Flaszyński.

2. Genetal description of the doctoral dissertation, including infotmation on its
individual components.

The doctotal dissettation of Ms. MSc Eng. Shivangi Sachat entided 'Perfotmance and Noise
Soutces of a Savonius Wind Tutbine in an Urban Envitonment ", submitted fot evaluation,

comprises a total of 1,97 pages, of which the main cofitent occupies 175 pages. The tęmaining pages

include: the tit]e page, acknowledgements, absttacts in English and Polish, table of cofitęrrts, a list of
key notations and symbols, lists of figures and tables, thtee appendices labeled A, B, and C, and the

bibliogtaphy. The main content is divided into six chapters.

The absttact ptesents the issues related to the use of wind energy in an utban environment, the main

assumptions and objectives of the doctoral dissertation, as well as the research hypothesis. The author
focuses on analyzing the applicability and efficiency of small-scale wind tutbines, in particulat vertical-
axis Savonius turbines, taking into account both energy and acoustic aspects. The work employs

expetimental, computational, and analytical methods, including rvind tunnel and prototype testing, CFD
simulations, and acoustic measufements using mictophones and mictophone artays. The absttact also

higtrlights an innovative element of the work, namely the analysis of a double-totor Savonius

configuration, and cleatly outlines the stfuctufe of the dissertation, Ovetall, the dissertation provides
the teader with a clear undetstanding of the scope of the research, the methods employed, and the

contribution of the work to the development of urban wind enetgy.
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Patt 1of the dissettation (('INTRODUCTI9N,,) consists of 4 subsections. I

ChaPtet 1'1 (3(Introduction and BacĘtound") introduces the teader to the topic of wind enetgy,with particular emphasis on its application in utban envitonments. The motivation fot the research isPtesented' adsing ftom the gfo\ńłng demand for energy, utbanization, and the need to implement quietand renewable enetgY Soufces, The chapter dir.,rrr., the impottance of wind chatacteristics and theinfluence of environmental conditions on the selection of urbines and installation sites. It alsoincludes a review of the eyolution of wind enefgy and the physical fundamentals of wind formation.special attention is given to the classification or-*irra turbines, highlighting the diffetences between
;;Tffi:., 

",irł"",;1[ ffi::_i"rff .:ffi;Ł:ffi:",,_ Lg-.r,yu?J 
-t*bi.,., 

^,. bdefly
significance of noise levels genetrt.a ny tutbines in utban ..:l"":o":'#,ili|ff'|§:ffilfi,':;Savonius and othet VAWTs 

-ate 
animportant factot in incteasing social acceptance.

Chapter 1'2 ("Fundamentals of tVind Turbine") pfesents the basic principles of wind tubineopetation and the mechanisms of converting wind enerdePendence of avaiable*i"d po*.t on wind ,p..d, 
"i, 

d.",i; ;1TJ,T,'*;:'"?;,Jj'*X;:1:of atmosPheric conditio"' 
^"dd'i*de on ait density, The chapter also covefs the dynamics of aitflowthtough the rotoą including ait stream expansion and the fotmadon of tutbulence behind the turbine.

;[ff::jTJ-;'fi*;:1'*ffi|_': "'t]le 1owelco.ffi.i..,t (Cp) and Ę*o..o ratio (TSR) ate

#*;il:, t,*:;r,-n;l Tt#i "*fl;*ł*:iliT: ;"4ni,,*
::ilTŁ?§lff §"Tjil:;ar<orvariablewind,""a*.fffr ;::rffi ';TJiHTH:l:f

Chaptet 1'3 ("Utban Vind Power: Outline") focuses on issues related to the use of wind energy inurban areas' It discusses wind chatacteristics in cides, ,"ti"g i"r" account tt" i.rn,r".r.e of buildings,ttees' and othet obstacles on wind sPeed, furbulence, urrd veio.ity ptofiles. Methods for assessing windpotentia] afe pfesented, including the application of ptobabiiity distributions (e.g., weibull) andstatistical methods for Ptedicting ł"d 
"""rgy. 

The chaptef terriews vatious tutbine types suitable foturban conditions' with Particulir emphasis on small v.ttical-axis wind turbines (VA§'Ts), such asSavonius and Darrieus.turbines, r'lg1,1ig},tirrg trr.i, uar.u.rtug..lr, ,.r-, of efficiency in low wind, easeof installation and maintenanc', uid l"o- ,roir. levels. Splciai attention is given to turbine noise, itsmechanical and aetodYnamic Soufces, and the importance of t.drr.i.rg noise emissions fot socialacceptance and tubine design in urban environments.

ChaPtet 1'4 ("Thesis Contents") presents the definition of the research subjecą which is the vettical_axis Savonius wind furbine, urra p-r.id.s a genetal chancterization of the scope of the conducted
il:l'r'.|,|i:;:'n* 

fotmulates 
""d di"""'s five individual teseatch tasks that ń within the scope of
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Patt 2 of ńe dissettation ((METHODS UTILIZED IN THIS THESIS'') consi§t§ of 3
subsections.

ChaPter 2.1 ("lPind Dynamics and lVind Turbine Site Selection") presents issues related to wind
characteristics and their significance for planning wind turbine locations. It discusses the tandom and
time-vatying natufe of wind, including the effects of daily, seasonal, and interannual fluctuations on the

Po§/ef generated by tutbines. Basic methods of wind data analysis ate presented, including the use of
the §7eibull distribution to dęscribe the probability of diffetent wind speeds, and ńe impottance of
selected Pafameters for the shape of the distribution and the mean wind speed. The chapter also
addresses the effects of measulement hęight and terrain toughness on wind speed, as well as statistical
methods for evaluating the fit of theoretical distributions to observationa) data, including MAPE,
RMSE, R2, and y2.The author emphasizes that a precise analysis of wind in time and space is ctucial
for selecting oPtimal turbine locations, maximizing enefgy efficiency, and ensuring the safeĘ and
effectivenes s o f installations.

ChaPtet 2.2 ('T',Iumetical Analysis") focuses on fl,lmefical methods used to anilyze airflow around
wind turbines. It discusses the fundamental governing equations of flow, including the mass,
momentum, and enetgy balance equations, along with additional equations of state fot pressute and
temPefatufe, assuming an ideal gas. The concept of turbulent flow is introduced, along with the
Reynolds number criterion and its significance in determining flow chatactetistics. Turbulence models
used in CFD ate discussed, including the RANS apptoach and the k-co M-SST model.

ChaPter 2.3 ("Vind Tutbine Noise") pfesents key infotmation on the measutement and anĄsis of
wind tubine noise. The chapter discusses the advantages and limitations of single-microphone
measurements and inttoduces delay-and-sum beamforming and the cteation of scanning point gdds fot
microPhone affays Conventional frequency-domain beamforming (CFDBF) is described, along with
issues such as sidelobes, backgtound noise, and methods of noise suppression. The chaptef also covers
the evaluation of the total acoustic pov/ef of soutces using the Source Powet Integtatron (SP|
technique.

Patt 3 of the dissertation (*PERFORMANCE ANALYSIS: SAVONIUS WIND TURBINES,,)
consists of 3 subsections.

ChaPter 3.1 ("Litetatute Review and Analysis of Characteristics") pfesents a literatute review on
Savonius turbines, with patticulaf emphasis on aetodynamic and acoustic pafametefs. The main factors
affecting Petformance and generated noise are discussed, such as rotof geometry, number of blades,
twist angle, ovedap tatio, aspect tatio, and totot segmentation, Examples of modern SVA§7Ts ate

Presented, and the tesearch objects are described: single- and five-segment Savonius totors, with
identical basic dimensions enabling a relative comparison of their petformance and acoustic
characteristics.
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ChaPtet 3.2 ("Numerical Simulations of Savonius Rotor") describes the numerical model of the
Savonius turbine developed to obtain perfotmance and totque chatactetistics across the frril TSR range.
Two-dimensional, unsteady RANS simulations using the k-tl M-SST turbulence model and siiding mesh
technique ate discussed. The chapter plesents the geometry and computational mesh, boundary
conditions, multigrid stfategy, mesh conyergence analysis, and selection of tempotal simulation
Pafametefs. The study is divided into free-stream simulations and simulations in a so-called test section,
with rotors Positioned at different distances from the aitflow outlet. Model validation was petformed
based on literature data @lackweĘ.

ChaPter 3.3 ("ExPerimental Evaluation of Petfotmance Chatactetistics and Rotot
Segmentation") Ptesents the authol's experimental investigations of Savonius turbine petformance,
including single- and five-segment rotofs. The influence of rotor shaft position telative to the test
section outlet on the Power coeffi,cient (Cp) i, discussed, higtrlighting the significance of blockage
effects and flow acceletation caused by the geometric consttaints of the test section. Results for both
fotor tYPeS are comPared, showing higher efficiency of the single-segment fotof acfoss the futl TSR
fange, due to lower aerodynamic losses and simplet flow patterns. The chaptet emphasizes the necessity
of validating numetical simulations with experimental data and the role of fotof positioning and
segmentation in accutateĘ assessing aercdynamic chatactetistics and designing tutbines for urban
applications.

Pat 4 of the dissettation ("EXPERIMENTAL ACOUSTICS ASSBSSMENT oF sAvoNIUS
VAWT") consists of 2 subsections.

ChaPter 4.1 ("Effect of Rotor Segmentation on Acoustics and its Petfotmancer') presents
exPedmental investigations of noise generated by single- and five-segment fotofs using a single
microPhone under various load conditions. The labontoty sefup and measufement procedure are
described, followed by tesults acfoss the full frequency fange. The study showed that the single-
Segment fotof genefates mofe acousdc enetgy at low ftequencies but also achieves higher efficiency
(CP). The five-segment fotof produces lowet noise, with acoustic enefgy shifted toward highet
ftequencies, at the exPense of reduced efficiency. A psychoacoustic analysis was also petformed,
including indicators such as fluctuation sttength, roughness, and sharpness,

ChaPtet 4.2 ("Irloise Soutce Locallzation") focuses on the localization of noise §oufces in the
single-segment Savonius futbine. The research setup, measufement equipment (Bionic M-1,12
microPhone ata!), and measurement methodology ate described, followed by results fot two cases:
loaded and unloaded totor. The application of beamforming and the Soutce Power Integration (SPI)
technique is crucial for detęrmining the levels of disttibutęd soufces. The ręsults showed that totor
noise dominates at low frequencies (up to approximately 2 kHz), depends on load and wind speed, and
the main noise soutces ate located on the downstteam side of the blade and in the totot morrnting area.
Noise level scaling with wind speed was also observed, as weII as highet noise emission dr.rting free
rotation of the rotor, which is televant for evaluating acoustic emissions under emefgency conditions or
wind peaks.

5A'.€,U



\i7ojciech Sobieski - teview of ńe doctoral dissettation ,,. Febtuary 03,2026

Patt 5 of the dissettation ("ANALYSIS OF URBAN ENVIRONMENT AND WIND
TURBINES") consists of 2 subsections.

Chaptet 5.1 ("lVind Potential Assessment Urban Envitonment") presents an analysis of wind

potential in urban and suburban envitonmefits at selected locations in the United I(ingdom

§ottingham) and Poland (Gdańsk, Przyńdz). The methodology for collecting and analyzingwind data

is discussed, including the determination of mean wind speeds, turbulence ifltensit}ł, and the assessment

of wind powef density and energy. Different probabiJity disttibution functions @DFs), including

Weibull, Rayleigh, and Gamma, wete compared, and based on a goodness-of-fit analysis, the Weibull

distribution was selected as the most suitable model. An additional element of the chaptet is a review

and selection of small tutbines suitable for urban conditions, considedng their efficiency at typical wind

speeds and the turbulence intensity characteristic of built-up afeas.

Chapter 5.2 ("Experimental Analysis of an Innovative Twin-Rotor Savonius Type Wind
Tutbine") pfesents experimental investigations of an innovative Savonius turbine pfotot}?e in a twin-

totor conftguration. Tests wete conducted both in an ufban environment - on the toof of the IMP-

PAN building _ and in suburban conditions using a full-scale powef plant in Przywidz. The chapter

provides a detailed desctiption of ńe turbine configutation, including the use of guiding plates, rotor

segmentation, and prototype dimensions. The data collection method is also discussed, including

measufements of voltage, cuffent, and rotot rotational speed, as well as the characteristics of the

genetator load conttol algotithm. For the urban installation, tesults afe pfesented for an avetage wind

speed of approximatĄ 5-5.5 m/s and high tutbulence intensity. The chapter shows the powet

generated by individual totors, TSR analysis, the impact of wind fluctuations on fotof behaviot, and the

turbinet tesponse delay to changes in wind speed. Opportunitięs fot improving efficiency thtough

modification of the totor load conttol algorithm ate also discussed. For the subutban installation, a

full-scale powef plant is descdbed, consisting of three twin-totor tutbine sets, each with fout totots and

fout generators. TSR and powet characteristics fot individual turbines afe pfesęnted, highlighting the

influence of tutbine positioning relative to wind direction and aetodynamic shadowing effects. The

chapter also addresses delays in totor fesponse to sudden changes in wind speed and the challenges

associated with measufement and control under real operating conditions.

Part 6 of the dissertation (CONCLUSION AND FUTURE WORĘ consists of 2 unnumbered
sections.

The Conclusions section synthesizes the entirety of the conducted feseatch, including the analysis of
wind potential in urban enyitonmęnts, expetimental and numerical investigations of Savonius fotors,

noise emission assessment, and field tests of the innovativę twin-rotot turbine. The author otganizes

thę obtained results, telating them to the objectives fotmulated in Section 1.4, and identifies the

relationships between aerodynamic petformance, turbine opetating conditions, and acoustic impact,

The summary emphasizes the importance of field and acoustic studies for the application of SVA§7Ts

in urban environments and indicates ditections fot further optimization, patticulaĄ in the atęas of
control sttategies and operation undet vatiable wind conditions. The section is complemented by a

sum.tnary of ńe main achievements of the wotk and its contdbution to ńe state of knowledge.
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The Future Work section contains a list of five areas that the author considers v/ofthy of furthet
investigation and that constitute a natural continuation of the tesearch described in the dissertation.

3. Assessment of the Literatute Used in the Doctoral Dissertation

The dissertation's bibliography is very extensive, compdsing a total of 227 items. Most of the sorrrces
are fecent, Published within thę last 10 years. Oldet feferences are also included, prrmarily classic wotks
in aerodynamics and statistics. The bibliogtaphy is thematically cohetent and well-aligned with the
subject of the dissettatj.on, The majodty of the publications ate from high-impact joutnals in the fields
of wind enetgy and aetoacousdcs, indicating a solid scientific foundation. The inclusion of a few less

Prestigious Soufces (websites, blogs, teports) is acceptable in the context of commercial and
technological examples.

4. Identification and Evaluation of the Candidate's Research Objective

The objective of the dissettation is a comptehensive investigation of Savonius wind turbines, with
Patticulat emPhasis on theit application in utban enr.ironments. This includes the assessment of
efficienc;ł, aetodynamic characterisd,cs, noise emissions, the impact of rotot segmentation, and the
evaluation of an innovative twin-rotot configuration, both under laboratoty conditions and in real
utban and subutban locations, with the aim of developing ptactical solutions fot urban wind energy
SyStems.

The fotmulation of the objective in Section 1.4.1 is extensive and descĘtive, lacking a concise
Statement that cleaĄ defines the essence of the tesearch. There is no clear pdotitization of the topics,
which makes it difficult to determine the main focus and does not explicitly indicate the oĘnal
conftibution of the authot. As a tesult, while the objective is btoad and ambitious, it appears diffuse,
making it challenging to infer measutable outcomes that the author intends to achieve.

5. Evaluation of the Dissertation Sections Addressing the Discussion of
Reseatch Results

Paft 1 fulfills its inttoductory tole and establishes a cohetent foundation for the futthet anĄses
Ptesented in the dissertation. The selection of litetature and the mannef of presenting the narrative
demonstrate the author's solid understanding of wind enefg)ł, particulaĄ in the context of uban
environments, The introduction of key concepts and patameters used in later sections is justified and
consistently SuPPotts subsequent numedcal and experimental considerations. Although the theotetical
discussion is somewhat limited in scope, it is sufficient with tegard to the objectives of the dissertation.
The author aPPtoPriately emphasizes the importance of efltciency and noise as cdteria for evaluating
tutbines intended fot utban applications, which aligns fully with the dissertation title. The sttucture of
the section is clear, and the logical flow faci]itates comprehension and prepares the readęr for more
detailed analyses.
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Pafi 2 sefves as the theoretical and methodological foundation of the v/ofĘ but it addtesses this

pufpose unevenly. The sttongest element is the description of wind data analysis methods, which is

detailed, technically accufate, and covets a wide mnge of statistical tools. The presentation indicates

good famiJiarity with measufement data processing and intetptetation in the context of vńnd enefgy.

A weaket aspect of Part 2 is the section on numerical analysis. The description of the governing flow
equations is brief and ptesented in an unusual format. §Vhile ńis may teflect the documentation sĘle
of the softwate used, it is difficult to confirm due to the lack of proper bibliographic refefences, Etrots
apper in the presented equations, and ńe physical quantities involved ate insufficiently described. The
telatively low level of content ptesentation in this section may taise doubts about the authofs firll
undetstanding of the discussed topics. This is the least polished element of ńe dissertation, which is
also reflected in the tefetences: of the 227 bibliogtaphic entties in the dissertation, onIy 2 are cited in
this section, and only in tefetence to the tubulence model used, The absence of references to the CFD
softwate documentation furthet weakens the scientific coherence and clarity of the presented mateial.
The section on acoustics is adequate fot suppotting the subsequent studies presented in the

dissettation. Key concepts and noise analysis methods ate inftoduced, although ńe text occasionally
loses clarity and could benefit ftom mote sttuctued ptesentation.

Despite these shottcomings, Part 2 ptovides the necessaty theotetical foundation for conducting
numetical and experimental investigations, though the scientific Ąor vaties significantly between

diffetent topics.

Patt 3 of the dissettation is methodologically sound. The desctiption of the teseatch objects is cleat

and comprehensive. The numedcal model of the Savonius tutbine is consistent, and the computational
assumptions fall within the standards typicĄ applied in CFD analyses of such systems. The choice of
a two-dimensional, unsteady RANS model, the size of the computational domain, and the use of the

k-o M-SST turbulence model are all apptopriate. The inclusion of a mesh cofivefgence anĄsis and

discussion of its influence on thę tesults is positively noted. Boundary conditions and simulation
pafameters are mostly sufficient, although, for example, a cleat justification fot thę chosen inlet velocity
is missing.

A minor dtawback is the assumption that the configuration of the wind tunnel and the introduced test

section are obvious to the teader. It is unclear why the test section description was moved to Appendix
B, as this affangemerrt reduces chaptet clarity. A mote effective apptoach would be to provide a brief
description of the tunnel, including the test section, to pfesent the research setup comptehensively
rather than focusing only on fotof geometfy. This would improve the cohetence of the work, since

Figures 3.2.1, and 3.2.4 deptct the full flow system, not just the totors, It is possible that the desctiption
was moved to the appendix because the same setup was used fot acoustic studies described in the next
part of the dissettation.

The author tefets to expedmental studięs of single- and five-segment turbines, but the dissertation
lacks a cleat and consistent descĘtion of the experimental plan. Assumptions, the set of controlled
pafameters, their variation fanges, measurement accrtr.acy, and ptocedures, including the number of
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fePetitions, afe not cleaĄ defined. It is also sufpfising that the tesults of the author,s ov,,, expefiments
wete used verY sParinglY (mainly in Table 3.3.1),while numedcal model validation re]ied exclusively onlitemture data (Blackwell), Additionally, the term "expetimental sfudy" is used inconsistently, teferringboth to the authot's own experiments and to literatute tesults, which complicates evaluation of the
content.

DesPite these issuęs, the overall logic is cotfect and consistent with good CFD practice: thecomPutational model was ftst validated against literatue data, followed by controlled modifications of
the model configuration to deepen undetstanding of system behavior.

The analYsis and intetPretation of the numerical results ptesented in Section 3.2 ar,ę also positivelyevaluated, even though the author does not refer to het own experimental tesults and limits thediscussion to the constraints imPosed by Betz's law Causes of overestimated power coefficient values,resulting from simPlified and favorable flow conditions in the baseline .o-p.rt^tiorral domain, arecottecdY identified, The subsequent simulations in a modified domain .o.rńg.rrution, desctibed inSection 3,3, tePtesent a methodologically justifred step. Although this did not significantly imptove the
quantitative agfeement between exPedmental and simulated tesults, the attemptlnd its cateful analysis
deserve positive tecognition.

overall, the numerical model cotrectly teproduces the qualitative ttends of Cp vetsus TSR and rotot
Position, though it still overestimates absolute values compated to experime ntaI d,ata.Consequently, themodel is PdmarilY usefrrl for anĄzing trends and the influence of geometric pafameters and flowconditions, but not fot Precise quantitative prediction of tutbine petformance. In the context andscope of the doctotal dissettation, this application is adequate and sufficięnt.

Patt 4 describes exPedmental acoustic stud,ies conducted in the same wind tunnęl as in patt 3, using thesame single- and five-seSmefit fotofs, ensuring logical consistency between the two chapters. Theinclusion of fout test case§ is reasonable and scientifically justified. The experiment descĘtion isdetailed, including data analYsis methods, number of repetitions, measufement equipment and accuracy,
and software used for data analysis, The results are ptesented cleady, with a high-quality descĘtion andintetPretation, An imPoftant element, particulaĄ in the context of utban -irra .r.rgy, is the discussionof the PsYchoacoustic effects of rotot-generated noise under diffetent operating .ońriorrr.

A valuable comPlement to single-mictophone acoustic studies is the investigation of the single-segment
rotor using a mictoPhone arraY and the advanced Source Powet Integration technique. The descĘtionsof the exPerimental setuP, instrumentation, and methodology afe thofough und e"hu.rstive. The studyplan and scope afe well thought out, and the inclusion of both loaded and unloaded rototconfigurations is fullY justified. In add.ition to sound spectfa and general characteristics such as overallSound Pressure Level, the noise Soufce maps afe a paticulaĄ valuable element, allowing identificationof the most significant sound sources. It should also be noted that these studies wefe conducted at areputable intetnational res eatch ins titution.
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A minor shottcoming is the lack of discussion fegafding potential tubine locations in urban ateas.It

can be assumed that turbines will primaĄ b. mounted on building rooftops, with noise ptopagation

occurring both as airborne sound and as structura] vibrations. Furthermore, noise propagation differs

between sloped and flat roofs, particulaĄ if turbines afe not mounted at the toof edge. Issues such as

acoustic shadowing and reflections ftom toof sutfaces or neatby buildings and sttuctures also arise.

Part 5 is coherent and methodologically coffect, continuing the logical sequencę of previous chapters.

The analysis of wind potential in urban and subutban areas is telatively clear. The use of various

probability disttibution functions, including §feibull, Rayleigh, and Gamma, is well justified and

consistently linked to the theotetical background presented in Chapter 2. The selection of
measufement locations in Poland (based on the author's reseatch site) and the UK (thtough the

ZEPHYR ptoject collabotation) and the compadson of wind conditions between them are sensible

and scientifically justified, Parameters such as mean wind speed, tutbulence intensity, and wind powet

density allow fot a good assessment of the enefgy potential of the studied areas. An impoftant element

is the sufl]mafy of available small wind rurbines and theit pafametefs in the context of urban

applications.

Chaptet 5.2 ptołłdes a natutal and valuable extension of the wind potential analyses presented in
Chaptet 5.1, moving the discussion from fesoufce assessmerrt to real turbine petformance in field

conditions. The descĘtion of both installations is detailed and technical7y accutate. The authot cleaĄ
pfesents tutbine geometfy, the use of guiding plates, fotof segmentation, and basic construction

pafameters, allowing assessment of the innovation of the ptoposed solution and its comparison with
conventj,onal Savonius tutbines. The ptecise description of measutemęnt systems, measured quantities,

measutement etrofs, and sampling frequency is also commendable.

Although preliminary, the full-scale installation tests provide valuable qualitative obsetvations of multi-

tutbine system performance and aerodynamic interactions. The author apptopriately avoids

ovetgenetalizatlon and cleaĄ communicates that the results ate indicative, reflecting research matuiity.

This chapter adds an impottant applied element to the dissertation, demonstrating ptactical limitations

and oppottunitięs for Savonius tubines in environmęnts with highly vadablę wind conditions.

The Conclusions section is coherent, logical, and scientifically matufe. The author effectiveĘ

integrates results obtained in different patts of the dissettation, avoiding a simple chapter-by-chapter

summaly in favor of a synthetic interpretation of the findings. ParticulaĄ noteworthy is the consistent

linking of aerodynamic, acoustic, and operational aspects, along with a tealistic assessment of research

limitations, especially regarding firll-scale tests. The conclusions, which ate qualitative in nature, are

balanced, well justified by the results, and cleatly indicate both the scientific value of the work and its

potential ptactical applications in urban wind energy.

The Futute Work section is appropriately aligned with the results obtained during the dissertation and

thę conclusions dmwn ftom them, The author accutately identifies directions for further reseafch,

emphasizing the importance of acoustic optimization, fotot conttol, field tests, and integtation of
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turbrnes into utban environments. The conclusions are logical, well connected to the results, and
indicate Practical imPlications for the design and operation of Savonius turbines.

In the conclusions and discussion of futute work, the
algorithms. Howevef, it is uncleat on what basis this
algorithms is not described in the dissertation.

authot mentions the need to imptove control
statement is made, since the issue of conttol

FinallY, it should be emPhasized that the hypothesis formulated in the absttact _ stating the need to
identiĘ sPecific characteristics of wind turbines fot theit effective and socially acceptable integration
into utban envitonments - is aPPropdate and consistent with the scope of the dissettation. The
conducted studies, including wind Potential analysis, aetodynami. urd u.o.rrtic expedments, and field
tests of the innovative twin-totor furbine, allow assessment of the impact of envi_tonmental conditions,
fotor geometrY, and segmentation on Petfotmance and noise emissions. In this sense, the hypothesis is
conftmed: the results indicate which turbine featutes are key for efficient operation in urban
conditions and social accePtance, fully aligning with the reseatch objectives urrd th" title of the
dissertation

Detailed Comments:

1, Thtoughout the dissettation, not only in Patt 1, the same information is repeated multiple
times, e,g,, regatding the gtowing intetest in wind energy in cities, the potential of Savonius
tubines in utban envitonments, theit lower noise levels, ot easier Staftup compared to othet
designs, RePetition of these Points in diffetent sections unnecessaĄ lengthens the dissettation
and teduces readabitty.

2, Sections 1,4,1 and 1,.4.2 rePeat the descĄtion of the dissettation stfucture. It would be cleatet
to Pfesent this division in one place, while simultaneously indicating which chapters contain
detailed descĘtions of each stage.

3, The tide of ChaPtet 2,2 is too general; it would be better to specify the numedcal method used
in the work, e.g., "Fundamentals of the Finite Volume Method" or "Finite Volume Method:
Introduction."

4, Equations 2.2.1-2,2.3 afe Presented in an unusual format (and without teferences). Ępically, inthe CFD context, balance equations are written to emphasize a unifotm stfuctufe, including
temporal, convective, diffusive, and source tefms.

5, The use of the term "Naviet-Stokes equations" for equati ons 2,2.1-2.2.3 is incottect.
6, The descriPtion of energy is incortect. Currently, it seems that the symbol E in equatio ns 2.2.3

and 2,2,5 (with an additional error in the subscĘt in the latter) represents the same quantity,
which is likely not the case.

7. The Kelvin symbol (K) should not be preceded by a degree sign,
B, providing a definition of the Reynolds number is unnecessary.
9, Equation 2,2"1,1 contains etrots. The notation DR is misleading, as it suggests that the

defotmation tensof of a fluid element is calculated diffetently for laminar and furbulent flows.
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10.In Chaptet.2.2.2, it is incorrectly stated that the Lattice-Boltzmann Method (LBNĄ is meshless.
LBM is based on discretizing space into a tegular lattice, whete the nodes store patticle
disttibution functions that "move" along ditections allowed by the lattice model,

11.ChaPter 2.2.3 appears incomplete. Only one tubulence model is briefly described, although
eatLiet the text states: "Discussed below ate some of the commonly used RANS turbulence
models:" (the colon at the end is incotrect).

12.In Section 2.3.1,, it would be useftrl to emphasizę that the essential difference between
mictophone atfay measutements and single-microphone measufements is the ability to acquire
acoustic data from multiple locations simultaneously.

13.Section 2,3.1 lacks a clęat definition of a mrcrophone array. It shouid be clarified whether the
tetm refers to a compact system of several or several dozen microphones placed close together
(e.g., on a corrunon frame) or to atbitratily spaced mictophones separated by tens ot hundreds
of meters.

14.In Section 3.2, the choice of boundary conditions (12 m/s velocity and 293I{. tempetature) is
not justified.

15.The literature teview in Section 3.1,.1,, as well as the ftagment titled "Novel SVA§7T designs in
urban environment," does not fit this part of the dissertation - such information should appear
in the introduction. Mixing detailed technical analyses with genetal infotmation occuts
frequently in thę dissertation, which is nonstandard and partially reduces clariq.

16.The opening sentence of Chapter 3.2 misrepresents the situation and may mislead the readet:
"The first part of the sfudy consists of numetical simulations to vedfy and validate the
numerical model with experimental results." It should clariĘ that two sets of experimental data
are used - both the authot's and Blackweli's - and explain why and which data are used in which
analyses.

17.The sentence "This data was obtained by wind tunnel tests and was later cortected to match
freestream fesults" is unclear and raises questions: VĄo cottected the data - Blackwetl (as

Seems likeĘ ot the authot? How did Blackwell handle the blockage effect, given that he also
used a wind tunnel? \W'as a similar correction applied to the authot's expedmenta| data?

18.In Section 4.1,.1, the sentence "Fot this experimental campaign, the fotofs discussed in Section
3.1,,1" ptobably refers to Section 3.1.2.

19.The authot often does not justiĘ het choices ot the pafametef values used, For example, "The
mictophone was placed at half the height of the fotof at a distance of 0.7 m from the rotot
axis" of "The noise mea§ufements wefe made for fout different cases, while the velocity of the
test section was fi,xed at B.5 mf s." The basis for selecting these numerical values is uncleat.

20,The sunmafy contains thę sentence: "This thesis set out to investigate the potential and

Performance of SVA§7Ts in complex utban settings, wherę wind conditions ate typically less
favotable and infrasttuctufe constfaints are mote ptonounced." Howevet, the dissettation
contains relatively few references to such infrastructure lirnitations.

21,.The work contains numetous refetencing etrots - additionally, in the electronic vefsion,
tefetences often link to the wfong elements.
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Comments and Questions fof the Authot:

Please Provide the cottect fotms of the equations ptesented in Chaptet 2,2 and indicate the
§oufce literatute on which they were based.

Please exPlain why the tesults of your own expedmental tesearch were only minimally used in
the numedca] model validation pfocess, and why they were described in the dissertation in such
a genetal mannef.

Please address the remarks regarding conttol algorithms thatappeat in the conclusions and the
Future W'otk section, and claiĘ on what basis these temarks were fotmulated, given that these
issues wete not the subject of analyses ptesented in the dissęrtation,

6. Infotmation on the practical application of the obtained fesults

The dissertation Provides valuable infotmation on the practical possibilities of using Savonius wind
turbines in urban enr.itonments. The results of field expedments and acoustic analyses allow for the
assessment of energy efficiency and the impact of noise on the suttoundings, which is impottant fot
Planning teal installations. Although the full-scale studies are pteliminaty, they indicate both the
limitations and potential of twin-totor tutbines, ptoviding usefirl guidance fot designets and opefators
of utban wind enetgy systems.

7. Infotmation on any irregulatities identified in the evaluated doctoral
dissertation

No significant substantive shortcomings wefe observed in the dissertation. The work is characterized
by cohetence, alog1cd, structute, and the validity of its conclusions, which confi,rms its high scientific
value.

8. Assessment of whether the disseftation constitutes an ofiginal solution to a
scientific pfoblem

The dissertation undoubtedly represents an original solution to the scientific problem of alalyzing and,
evaluating Savonius wind turbines in utban envitonments, with particular emphasis on the influence of
design Pafametefs and opetating conditions orr aetodynamic efficiency and noise ęmission. The
originality of the solutions presented in the dissertation is manifested in particulat by:

' the develoPment and execution of experimental performance studies of single- and five-
segment Savonius turbines in a wind tunnel;

' the conduct of numerical analyses of the impact of rotor positioning within the tęst section on
its energy perfotmance characteristics;

' the develoPment and imPlementation of experimental studies of a Savonius turbine in an
innovative twin-rotot configuration undet field conditions at two locations;

1,.
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. the execution of acoustic studies, including both single-mictophone measufements and spatiai

analysis of the acoustic field using a mictophone xny;
. the statistical ptocessing and intetptetation of wind data from several selected locations;
. the integtation of aerodynamic, acoustic, and field results into a coherent assessment of the

suitability of Savonius turbines fot utban applications, along with the identification of
directions fot further optimization.

9. Assessment of whether the dissertation demonstrates the candidate's general
theoretical knowledge in the discipline(s) and the ability to conduct independent
scientific of aftistic wofk

The dissertation cleaĄ conftms the Author's extensive theotetical knowledge in the fields of flow
aetodynamics, Savonius turbines, wind acoustics, numerical and experimental tesearch methods, and

statistical anĄses. The work also demonsttates the ability to independendy plan ar.d catty out scientific

tesearch. These competencies are particulaĄ evident in:

. the development and execution of experimental studies in a wind tunnel and under field

conditions fot single- and five-segment tutbines, including the twin-totot configuration;
. the application of a coherent methodology fot acoustic studies, encompassing single-

mictophone measurements as well as spatial analysis of the acoustic field using a microphone

artay, including beamforming and Soutce Power Integration techniques;
. the combination of experimental studies with CFD numerical analyses (two-dimensional

unsteady RANS simulations with the k-<,l M-SST turbulence model), enabling a§sessment of the

impact of rotor geometty and flow conditions on aetodynamic chatacteristics;
. the independent application of statistical methods to arnlyze wind data, inciuding the selection

of the Weibull distribution based on goodness-of-fit analyses and interptetation of results in a
practlcń context;

. the integration of aerodynamic, acoustic, and field tesults into a coherent assessment of the

efficiency and suitability of Savonius turbines for utban applications;
. the ability to ctiticĄ analyze the literature and justiĘ the assumptions and reseatch pafametefs

adopted, demonstrating the Author's reseatch maturity,

10. Final Opinion

In summary of the teview of the doctoral dissettation by MSc. Eng. Shivangi Sachar entitled

'?erfornance and Noise Sources of a Sauonius lYind Turbine in an Urban Enńroftłft€nt",I state that:

1. The presented material cleatly conftms the Author's solid theoretical prepatation and her

competencies in the fields of flow aetodynamics, wind turbine acoustics, statistical data analysis,

and CFD numedcal computations, Both the subject of the dissettation and the applied tesearch

methods - including wind tunnel experiments, acoustic measurements, and numerical

simulations - are fully appropriate for the discĘ[ne of męchanical engineering.
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The candidate has demonsffated tesearch matutity as well as the abiJity to independendy Plan,

execute, and anaIyze expedmental and numerical studies, and to present the obtained results

cleaĄ and concisely. This evidences her preparedness for conducting further indePendent

scientific work in this field,

The obtained tesults have significant cognitive value for the field of mechanical engineeting and

ptovide an original conffibution to the study of Savonius tubines, particulaĄ regarding their

aerodynamic performance, noise emissions, and potential applications in urban environments.

These findings also offer valuabie practical guidance for the design and operation of small-scale

vertical-axis wind turbines,

In view of the above, I conclude that the doctoral dissertation by MSc. Eng. Shivangi Sachat entitled

'?erformance and Noise Sources of a Sauonius lYind Turbine in an Urbaa Enńronruent" meets the tequitements

of Atticle 187 of the Act of 20 July 2018 on Higher Education and Science floutnal of Laws of 20

Api1,2023,item7Ę,as amended) and may sefve as a basis fot proceeding to the public defence.

sobieski - teview of ńe doctotal dissertation ...
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