Reply to the Reviewer #2

The reviewed manuscript presents a study aimed at developing an affordable
computational fluid dynamics (CFD) method using Reynolds-averaged Navier-Stokes
(RANS) simulations to accurately predict aerodynamic noise from wind turbine
rotors. Addressing rotor noise is a topic of great significance, as reducing rotor-
generated noise can minimize turbine curtailment and increase Annual Energy
Production (AEP). However, the manuscript requires several improvements to
enhance clarity, address inconsistencies, and strengthen the analysis and discussion.

Authors Reply: The authors would like to thank the reviewer for the time to review
our paper. The comments that the reviewer provided have contributed to the
enhancement of our paper. We have taken the opportunity to make substantial
improvements in the text, in order to strengthen the paper. A list of point-by-point

replies to the reviewer’s comments is reported in the following.

General Comments:

1. The manuscript lacks clarity in several sections, making it difficult to discern the
findings and identify the computational model that produces the best results. The
language and spelling need improvement throughout the manuscript.

Authors Reply: The new manuscript did substantial improvements to enhance the
clarity in several sections. Moreover, the new manuscript has been carefully revised
by a professional language editing to improve the grammar and readability. Thank
you for the valuable comment.

2. The discussion on the computational domain and convergence criteria of the
simulations is insufficient. Additionally, important mesh characteristics and
simulation performance details are missing, hindering a comprehensive
evaluation of the simulation quality.

Authors Reply: The computational domain, convergence criteria of the simulations,
and simulation performance were added in the Numerical method section. The coarse
and fine mesh characteristics were added in Fig. 3 in the new manuscript based on

reviewer’s suggestion.

3. There is a mixing up of mesh diameter and radius, as well as the definition of
rotor rotational speed in m/s.



Authors Reply: Thanks for pointing out. We have changed the rotational speed in rpm

and the words required as above.

Specific Comments:
Validation of Numerical Setup (NREL-Phase VI):

1. The authors conduct a mesh sensitivity study using two mesh sizes (~2m &
~6m) and compare the results with LES simulation and experimental data.
However, there is no clear convergence observed within the results that are
shown. The authors should provide a more detailed analysis and discuss the
limitations of the mesh sensitivity study or conduct additional numerical
experiments until a convergence can be observed.

Authors Reply: The C, calculated using the coarse mesh was lower in the leeward
position of the front end than the experimental results. The calculated velocity was
relatively small when Cp, was considerably increased. Compared with the
experimental values and LES data, the simulated pressure was relatively large. When
the simulation used the fine mesh, the simulated C, agreed well with the LES model
and the experimental data. Furthermore, the C,, of the fine mesh near x/c = 0 agreed
with the LES data. We added some discussion and the limitations of the mesh
sensitivity study in CFD model section. We already have two different meshes to
conduct a mesh sensitivity study. We understand that the current mesh sensitivity
study has not met your requirements. However, the subsequent validation process has
shown minimal differences in the turbulence models results. We hope for your
understanding. In the future, we will conduct more mesh sensitivity study based on

this paper, using vertical-axis or horizontal-axis wind turbines.

2. The agreement of the LES simulations with experimental data towards the
trailing edge is relatively poor. This discrepancy needs to be addressed and
discussed in order to provide a comprehensive assessment of the simulation
results.

Authors Reply: We have added some discussion of the discrepancy between LES and
experimental data in CFD model section.

3. The discussion on the computational domain should be expanded to assess
whether it adequately captures a fully developed rotor wake. Additionally, the
convergence criteria for the simulations should be clearly described.



Authors Reply: We observed that the velocity gradient at the outer boundary was
observed to be zero, indicating that the domain adequately captures a fully developed
rotor wake. Therefore, the domain is sufficient in our analysis. The discussion was
included in the CFD model section. Also, the convergence criteria has been added in
the Numerical method section.

Simulation of the INER 25kW Rotor:

1. The use of a 10m cell mesh raises concerns regarding the transferability of the
previous mesh convergence study. The authors should address this issue and
explain the rationale behind the selected mesh size.

Authors Reply: An unstructured inviscid mesh with 3.6 million tetrahedral cells
clustered around the blades and tip vortices was created in the reference (Sezer-Uzol,
N et al., 2009). In the reference, a total mesh of 9.6 million tetrahedral cells clustered
around the blades and tip vortices was created for LES model in the whole domain
and similar to the simulations in this paper (10m). The extra meshes are located
outside the computational domain and do not affect the simulation results of the flow
field near the wind turbine based on the reference. Detail 10m cells can be seen in the

figure below. We added some discussion in Problem description section.
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Figures 5 to 11 compare velocity distributions generated by four different
turbulence models. However, the discussion of these results is qualitative, and it
is difficult to draw meaningful conclusions. The authors should provide a more
detailed analysis, discussing the strengths and weaknesses of each turbulence
model in specific cases. Providing additional rotor performance characteristics
such as rotor power, thrust or wake velocity distributions could help the reader to
better assess the quality of the presented simulations.



The meaningful detailed conclusions of four models were added in the
Aerodynamics results section in the new manuscript. Standard k-& model is the most
common used in CFD to simulate mean flow characteristics for turbulent flow
conditions. However, it does not calculate the flow field with high accuracy,
especially in displaying reverse pressure gradients and strong curvature in flow field
or blades. The standard k—€ model works better for simpler geometry (Farhadi et al.,
2017). The SST- k- model provides a better prediction of flow separation and
recirculation than most RANS based models, which accounts for its accuracy in
adverse pressure gradients. The SST k—w turbulence model showed itself suitable for
the numerical simulation of small scale wind turbines (Rocha et al., 2016; Akar et al.,
2019). The V2f model has been successful in simulating a variety of non-equilibrium
flows. The realizable k-¢ model is not suited for accurately predicting near-wall flows.
It tends to overpredict turbulence levels near solid walls, especially in regions of
adverse pressure gradients in Figs. 6—8 and Figs. 10—12. It is designed for isotropic
and homogeneous turbulence and may not handle anisotropic or non-homogeneous
flows well. Moreover, SST k—® and V2f model were agreed well with the

experimental results at different chord distances.

3. Legends are missing in the velocity plots, which hampers understanding. The
authors should include a clear legend to improve clarity.

Authors Reply: Thanks for pointing out. We have included the normalized legends in

figures. 6-8 and figures. 10-12 in the new manuscript.

Noise Prediction and Discussion:

1. The authors should clarify that the results are "verified" against an LES
simulation, rather than "validated," as the term "verification" is more
appropriate.

Authors Reply: We have modified the words required as above.

2. The discussion on noise predictions could be strengthened by providing more
detailed analysis and comparisons with experimental data or established noise
prediction models.

Authors Reply: Based on reviewer’s comment, we provided a new comparison with
experimental data to strengthen the paper. We simulated the noise distribution (Fig.

20) below the tower and compare simulations with the experimental data in the



reference (Cheng et al., 2014) using A-weighting method (dB(A)). The location right
below the tower is the closest to the sound source and the experimental result is less
influenced by the surrounding. Hence, the predicted noise data in this paper agrees
well with the experimental data. We added some discussion and Fig in the Noise
simulation of the INER 25-kW wind turbine section.

Conclusion:

In conclusion, the manuscript requires substantial improvements to enhance clarity,
address inconsistencies, and strengthen the analysis and discussion sections. The
authors should focus on the methodology, providing important details regarding the
computational domain, convergence criteria, mesh characteristics, and simulation
performance. By addressing these issues and highlighting relevant findings, the
manuscript can become eligible for publication.

Authors Reply: Thank you for your thorough review and time of this paper. We
appreciate your suggestions for improvement. Based on your comments, we agree that
there are several sections in the manuscript that require substantial enhancements to
enhance clarity and strengthen the analysis. Additionally, we carefully review the
paper to identify any inconsistencies in the data and discussion. We understand the
importance of presenting accurate and reliable results, and we revised any
discrepancies in the initial submission.

Thank you again for your time and valuable comments.



