
Wind Energ. Sci. Discuss., referee comment RC2
https://doi.org/10.5194/wes-2022-65-RC2, 2022
© Author(s) 2022. This work is distributed under
the Creative Commons Attribution 4.0 License.

Comment on wes-2022-65
Anonymous Referee #2

Referee comment on "Computational fluid dynamics (CFD) modeling of actual eroded wind
turbine blades" by Kisorthman Vimalakanthan et al., Wind Energ. Sci. Discuss.,
https://doi.org/10.5194/wes-2022-65-RC2, 2022

This is an interesting article providing novel methods and results relevant to the wind
energy sector. The structure and presentation of the report needs revisions. In general,
the article seems to be made of two distinct ‘sub-articles’, each with some Introduction
and Conclusions. It is recommended that the two parts be merged, which will result in a
more compact and readable structure. There should be a single introduction, with a single
literature survey and with a single set of Conclusions (the two sections Discussion and the
section Conclusions should be merged in a single section Conclusions, for example). The
technical presentation of the second part is less clear than that of the first part, and it
needs to be improved. Many figures have too much information as text in the figures
themselves. This information should be moved to the captions of the figures. The
positioning of the Figures is often erratic with respect to the position of the text where
these figures are cited and commented. Several definitions of set-ups are missing,
particularly in the second part. The literature survey is rather small and some important
recent and relevant studies are omitted. The part on the scanning technology is
interesting but a bit too far from the core topic of the manuscript, and probably also a bit
too commercial (as presently written). Several concepts and names are defined too far
down in the text with respect to the first time they are mentioned, making reading and
quick understanding hard. In the following, please find more detailed comments.

Please proofread the article to remove some errors. For example, in Introduction, line 1
‘occurS’, and line 23 ‘OF particular interest’.

Abstract, line 15: The results also suggest that under fully turbulent condition the eroded
LE shapes show the least amount of influence on the aerodynamic performances and
results in negligible difference to AEP. This sentence should be made clearer.

Introduction, line 21. Sentence The results also suggest that under fully turbulent



condition the eroded LE shapes show the least amount of influence on the aerodynamic
performances and results in negligible difference to AEP. 1 Introduction us unclear and
unrelated to previous statement on the period. Please amend.

Page 2, Line 34. The novel aspect of this work is the modeling of high-resolution LE
surfaces of an actual blade with LEE damage, that 35 was captured in the field using state-
of-art optical 3D scanning technologies. This makes this study different from numerically
assumed damaged blades with standardized damage profiles on the LE. There are some
more published studies using CFD to study field-recorded erosion geometry or realistic
patters, e.g. references 1-3 below. The geometry used in the CFD simulations of this
report were also obtained with laser scanning of eroded leading edges. This type of studies
should be mentioned in the literature survey.

Page 2, line 55. Some more and more gradual introduction to the objective is needed.
Most readers will struggle to follow this part without a brief introduction on transition
modelling for smooth and rough surfaces.

Page 3, line 69. Acknowledgement of funding should go at the end of the article. Same
comment applies to line before Section 3.1

Page 3, line 79 to page end: the description of the numerical method is cluttered and
needs to be clarified. Also, please use symbols for omega and other symbols and explain
what they represent, citing suitable sources to reduce provision of further detail , if
appropriate.

Bottom page 3. It is said that convergence was based on all residuals dropping below
10^-7. Please also specify the residual drop, i.e. by how many orders of magnitude the
residuals dropped. This is important if order of magnitude of initial residuals is not 1 for all
PDEs (i.e. are these residuals normalized?).

Page 4, line 100. The 1st author of the reference is David (name) Maniaci (surname).
Hence, please use D. Maniaci.

Page 4, line 102: far field at 90 chords. Was the choice of 90 chords made following a
sensitivity study? Please provide reasons for choosing 90 chords.

Fig. 2. Is there a special reason for modelling the flat plate geometry with nonzero
thickness? Is the used thickness and the leading edge geometry the same as in the
experiment? Please incorporate this information in the article.



Fig. 5. The mesh-independent CFD analysis and the experiments are in good agreement
until about 8 degrees. This is not unexpected. However, cl and cl are plotted until 20
degrees AoA, whereas the position of transition is plotted only until 8 degree AoA. If
experimental data are available above AoA 8, it would be interested to include these. Also,
please indicate in figure that this is position along suction side.

Page 8, line 131: perhaps SST rather than SSTLM ?

Page 8, line 134: This was accomplished by increasing the constant from 2.193 to 3.29 in
the onset equation…. This sentence cannot be understood without providing further detail,
e.g. which constant of which equation is affected. Also, Langel made simulations of these
experimental wind tunnel tests. Did they alter the baseline SST enhanced with the
transition model? If so, can the authors comment on why Langel et al, did have to alter
the discussed constant to have a good agreement with measured data? Were the
boundary conditions used by Langel the same as those used by the authors? Were the
grids comparable? Some discussion of this aspect would be beneficial to further improve
the usefulness of the article.

Page 10. Discussion on effect of variable Ar in the framework of the transition model is
unclear. Too much information on the baseline transition model (without roughness) is
given for granted, and for readers not knowing fairly well the baseline transition model, it
may be impossible to follow the comments on the function of the variable Ar. I would
suggest providing some more background information so as to make all more clear. Also,
may symbols appearing in the equations are never defined, and they should be.

Fig. 11. How is the TKE in the left plot defined? Is it computed at a given distance from
the flat plate, is every point an average along a line normal to the flat plate ? Is it
expected that this TKE is independent of the surface roughness? Please add some
comments to address these questions.

Page 12, line 184. Please define roughness density.

Eq. 9. Did the authors of this manuscript also used this correlation between Ks and
roughness height and density? If so, please state it.

Fig. 12. Why are lift and drag curves of rough airfoil computed only up to about 8 degrees,
whereas those of the clean airfoil extend to higher values of AoA? Same question applies
to subsequent figures.

The link to following reference appears to be broken: Maniaci, D.: https://energy.sandia.g



ov/programs/renewable-energy/wind-power/blade-reliability/leading-edge-erosion/, 2022.

Page 17, line 284: sentence does not have a verb.

Page 18, lin 277: There are no known references for optical scanning systems that are
already used in practice for O&M of WTBs. Please explain what does ‘optimal’ mean in this
context. What is special about an optical system for scanning an eroded WT blade?

Section 3.2 is cluttered. It contains very broad and fragmented overview of available
methods for scanning blade surface.

Page 291, lines 291-294. This is all un clear, please provide more clear explanations.

Section 3.3 contains text repeated in Section 3.2. Please revise.

Section 3.1 should be incorporated in the Introduction at the beginning of the article.
Sections 3.2 and 3.3 may be merged and moved to an Appendix.

Acronyms RANS and several others are spelt our many times in the article. These
repetitions should be removed, and each acronym should be spelt out only once.

It is suggested to merge figures 27 and 28, i.e. plotting 4 curves in each subplot. This
would enable a more global/general comparison.

Page 24, line 339. Could authors please provide spanwise length of 3D eroded blade
portion modelled in CFD? Without this information, the total number of cells of the 3D
simulation is not meaningful. It would also be useful to provide more detail, such as
number of elements in spanwise direction and spacing, if not uniform. It is also interesting
to state what the boundary conditions on the lateral walls of the domain are.

Page 24, line 346. Negligible impact on flow downstream. For which AiA does this
statement hold? Please clarify.

Section 3.4.3, first 3 lines. Statements are unclear. Please reword/clarify/provide further



detail.

What is function of Fig. 32? It does not seem to provide useful information to support any
statement in the manuscript.

Results in Fig. 36 and 37. In the case of transitional analyses, it seems that the largest
differences between the performance of clean and eroded airfoils are those on the drag
coefficient. Assuming that Eroded2x and Eroded3x denote different erosion geometries,
Figure 37 (right) shows that the transitional analysis predicts a better performance of
geometry Eroded2x. This would indicate that the transition characteristics (position of
transition on SS for each AoA) of geometry Eroded2x are more similar to those of the
clean airfouil than those of geometry Eroded3x. This would underline the necessity of
resolving erosion in AEP analyses. However, there is also the fast that small roughness is
not included in these geometry-resolved analyses, and this may also alter these
conclusions. Some more comments, particularly with regard to the dependence on the
position of transition on AoA for the eroded airfoils, would be appreciated.

Authors show that transitional analysis predict increasing loss of aerodynamic performance
moving from profile ‘Measured’ to Eroded2x and then Eroded3x. Can the authors please
comment on what is the main cause of the performance loss increase? Is it the
increasingly more jagged profile (in case the erosion profile is made more severe moving
towards Eroded3x), is it the fact that thichness to chord ratio increases, something else, a
combination of factors? Details on this aspect would increase the quality of this work.

Was a mesh sensitivity study performed for the transitional analysis of the eroded airfoils?
Please add a statement on this.

Lines 354-355. Some more detail on the AEP analysis, including the underlying BEM
analysis, should be provided. Please provide a more clear definition of the 3 2D eroded
geometries considered. Particularly, was the ragged profile scaled in passing from
measured geometry to the other 2 geometries, or was a translation only performed?. The
geometry of the eroded blade used in the BEM analysis should be defined more clearly.
How many eroded airfoils are considered? Which is the interval of percentage radius over
which each eroded airfoil is applied? (These are an example of basic data which should be
reported).

Page 31, line 384: Although the generated grid resolution was made to capture numerical
details in the order of 0.1mm, the RANS turbulence modelling approach used 385 in this
study is inherently flawed for capturing flow details at this scale of changes in geometry. I
would suggest not using the word ‘flawed’, but rather noting there may be some
uncertainty …



Line 391. However, if the effect of the exposed fibrous blade material on the transitional
boundary layer was included using a model like the one described in Part 1, it will further
deplete the sectional L/D ratios, thus resulting in further loss in AEP. This is an interesting
comment. However, is it not the case that even if erosion has not reached the structural
part of the blade, the scan has a finite resolution that prevents all erosion scales to be
included in erosion geometry-resolved of the type presented? Please comment on this
point.
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