
The authors wish to thank the reviewer for the insightful and helpful comments.  Below and in 
the revised manuscript (as indicated) the authors have responded point-by-point to each 
comment.   
 

Referee 2 
 
The manuscript presents results on the thrust and lateral forces of a laboratory-scale model of a 
Vertical Axis Wind Turbine (VAWT) tested in a wind-wave basin under parked conditions. 
Experimental data were compared with a semi-numerical code, which retrieves gravitational 
loads from the experimental measurements, in several cases: i) fixed-bottom – wind; ii) floating 
– wind – no waves; iii) floating – wind – waves. The goal of the work was to assess parked loads 
in relation to design parameters, such as the number of blades and free-stream velocity. 
 
Scientific Significance: 
 
The manuscript presents an original investigation using a laboratory-scale model to measure 
parked loads. Assessing forces in parked conditions is crucial for estimating the lifespan of a 
wind turbine in wind scenarios involving velocities higher than the cut-out wind speed. The 
authors also propose a semi-numerical code to predict the loads, which could be useful for 
designing full-scale turbines according to industry standards. 
Response: Thank you for the insightful review and comments. The authors believe that 
addressing the comments below will enhance the quality of the paper. 
 

Scientific quality: 
Questions are addressed below in regards to scientific quality: 

1. The authors propose a sensitivity analysis on the number of blades and wind speed. The 
effects of the number of blades on rotor loads have already been demonstrated in Sakib 
and Griffith (2022). The question that arises is: why should the number of blades have a 
greater impact on the design of a VAWT in parked loads than on the design of the turbine 
in operating conditions? Furthermore, why does the analysis focus solely on the number 
of blades, while the variation of solidity due to chord is disregarded? Please provide 
justification for these choices. 
Response: Thanks for asking these valuable questions.  
 
The authors have explored the effect of the number of blades on VAWT parked loads to 
study how the number of blades impact the azimuthal load variation in a revolution based 
on experiments, while Sakib and Griffith (2022) limited their study to numerical analysis 
only. A note has been added into the revised manuscript on lines 35–37.   

 
Further, the load variation due to the solidity difference between the two-bladed and 
three-bladed turbines has also been examined, and the effect of solidity is shown to 
impact the magnitude of the loads (as expected).  The difference in solidity arises from 
the design of the test bed to limit manufacturing complexity and cost.  It was easy to 



convert the two-bladed turbine into a three-bladed turbine using one set of blades.  This 
note has been added to lines 93-94 of the revised manuscript.  
 

2. Is there any comparison in operating conditions to validate the numerical code against 
experimental data? The numerical model depends on data obtained from experiments. Is 
it not possible to formulate the model in such a way that it does not rely on experimental 
measurements? A model that does not depend on experiments would be useful for 
estimating loads without the need for additional testing. Furthermore, comparing 
numerical results with experimental data would serve as proper validation. 
Response: Thanks for raising these questions. 
 
Yes, it is possible to estimate the tilt angles (pitch and roll angles) in the pre-test and 
independent of the experiments. One can use the method developed in Gao et. al. [1] to 
predict the tilt angles. The input aerodynamic loads in this model can be supplied using 
CACTUS, while the hydrodynamic coefficients can be obtained from a commercial 
software like WAMIT [2] or an open source code like Capytaine[3]. However, predicting 
tilt data is out of scope of this study, but the approach and references noted provide a 
means of pre-test tilt motion prediction.    
 
We’ve added a note in lines 228-231 (along with relevant references) for pre-test 
modeling and prediction of the tilting response.  
 
In terms of the results presentation, we present the park loads comparison across 
different operating conditions (wind-wave-platform conditions) based on experimental 
data only. And later validated the semi-numerical park load data with experimental data 
across different operating conditions (wind-wave-platform conditions). Therefore, the 
comparison of semi-numerical loads across different operating conditions (test cases) 
seems unnecessary in addition to results already presented. Please note that the authors 
replaced the term “operating conditions” with “wind-wave-platform conditions” in the 
revised manuscript.  

   
3. Line 121: Please clarify the method used to obtain ‘full-scale’ wind speeds and the 

parameters the authors used to derive the range of 14.7 – 36.4 m/s according to Froude’s 
law. It may be helpful to present the data in a table, showing both the scaled model and 
full-scale values. 
Response: Thanks for pointing this out. The method of full-scale wind speeds has been 
added to the updated Manuscript in lines 126-130. 
 
Authors used Froude scaling to convert the velocity with scale factor of λ0.5 .  Geometric 
comparison of the test turbine, which has 0.51 m radius, to the UTD 5 MW VAWT Sakib 
and Griffith (2022), which has 54.011 m radius, reveals that the test turbine is 1:104.87 
scaled version of the full scale UTD 5 MW turbine. Applying Froude scaling with a velocity 
scale factor of λ0.5 results in a wind speed range of 20.48 ms-1 to 50.79 ms-1 for full-scale 
5 MW UTD VAWT.  



 
In the previous manuscript, the scale factor of the test turbine was incorrectly calculated 
as 54 instead of 104.87, leading to an incorrect wind speed range of 14.7–36.4 m/s. This 
has been corrected in the updated manuscript. However, it is important to note that the 
tested model is not a scaled version of UTD’s 5 MW turbine. The wind speed scaling is 
presented solely to compare the wind speed selections in the test campaign to those at 
the 5MW scale. 

 

4. Line 137: Are the values for wave period and height representative of full-scale scenarios? 
Response: Yes, they are representative of full-scale scenarios of IEA 15 MW wind turbines. 
The full scale height and period are 10.85 m and 13.5 s, respectively [4]. This information 
has been added to the updated manuscript in lines 146-147. 
   
 

5. Please clarify the sentences in line 143: “No wake effects have been included…” and line 
147: “Blade wake […] were considered…”. Two different wake effects are mentioned, one 
of which is included while the other is not. Please provide further explanation. Induction 
due to the wake should be accounted for anyway: also VAWT in steady conditions 
produces blockage caused by the wake despite the rotor is still. 
Response: Thanks for raising this important point.  
Induction due to blade wake was neglected as it is too small compared to freestream 
velocity and to make the model simpler. However, induction due to tower wake was 
included as it is easy to integrate. The updated manuscript noted these points in lines 
165-167 and 170-171.  
 

6. Dynamic stall is not considered, nor are unsteady effects in the case of wind and wave 
excitation. Have the reduced frequencies been evaluated to demonstrate that unsteady 
aerodynamics does not occur? 
Response: Thanks for the comment. As the turbine is parked, the chance of occurring 
dynamic stall is very minimal. Therefore, we did not consider the dynamic stall model in 
the semi-numerical tool. 
 
The authors have analyzed the reduced frequency in the updated manuscript. Reduced 
frequency is a parameter used to determine whether the inflow is unsteady, and it can 
be defined as follows [5]:  
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where, 𝜔𝑝𝑡𝑓𝑚 is the platform frequency, 𝐶𝑖  is airfoil chord, 𝑈∞is freestream velocity, 𝑟𝑖 is 

section radius, Ω is rotational velocity of rotor. 



  

  

  
Figure 1: Reduced frequency for different platform and turbine operating conditions.  
Note: Section Radius refers to the rotor radius, which varies with rotor height. 

Reduced frequency does not go above a value of 0.05 for both floating wind only and 
floating wind wave condition for any of the wind speeds, as shown in Figure 1. The highest 
reduced frequency (K) of 0.0158 occurs in the 3B floating wind wave pitch case. As wind 
speed increases, the reduced frequency decreases. Specifically, for the 3B floating wind 
wave pitch case, the reduced frequencies (K) at wind speeds of 2, 3, 4, and 4.96 m/s are 
0.0158, 0.0105, 0.0079, and 0.0063, respectively. This indicates that higher wind speeds 



result in a steadier inflow. Therefore, the inflow can be considered as steady.  Notes have 
been added on lines 154-165 to provide this information. 
 

7. Equations 1 and 2 are identical. 
Response: Thanks for pointing this out. Equation 2 is related to tangential velocity (VT). 
The equation has been modified and added in line 173.  
Modified equation:  
VT = TX UX + TY UY + TZ UZ   
   

8. How have the polars been adjusted to extend their applicability to VAWT operations, 
where angles of attack can reach very high values (especially in parked conditions, where 
peripheral speed is nearly zero)? 
Response: Thanks for pointing this out. The airfoil polars are applicable to VAWT 
operations. The airfoil polar is supplied with CACTUS code. The angle of attack ranges 
from -180 to +180 degrees. The details of how polars were calculated can be found in [6]. 
The note is also presented in manuscript in lines 152-153. 
   

9. Inertial effects are defined as the projection of gravitational loads on the structure. 
Shouldn't proper inertial effects be considered when the turbine is subjected to both 
wave and wind forces? The entire structure experiences motion, with associated 
velocities and accelerations that affect the aerodynamics. Consider using a different term 
instead of “inertial effects,” as this might be interpreted as including inertia forces in the 
model. 
Response: Thanks for pointing out another important issue. Authors replaced the term 
“inertial effects” with “gravitational effects” to make the point clear.  
 

10. Figure 8: The use of ‘uncertainty’ bars is unclear. According to the authors, the variability 
of thrust and lateral forces is attributed to azimuthal positions. Are the uncertainty bars 
representing the amplitudes over a period? 
Response: Thanks for this comment. The bars do not represent uncertainty; rather, they 
represent the azimuthal variation of loads. A short description has been added in the 
manuscript to make the point more clear [line 264-265]. 
 

11. A general question regarding experimental data: Have the authors assessed the 
uncertainty in the measurements? 
 
Response: We have addressed the uncertainty in the measurements; for example, as 
shown in Figure 2 below and in Figure 8 on page 14 in the revised manuscript. 
Subsection 3.1.1 has been added to the revised manuscript for presentation of the 
uncertainty analysis [7]:  
 
 
 
 

𝑈 = √β2 + (tσ)2 



where, U is resultant uncertainty and t is the coverage factor of T distribution. The value 
of t is 1.96 at 95% confidence level. 

  

  

Figure 2: Parked loads with uncertainty of 2B turbine for locked wind only condition. 

 
12. Figures 10, 11, and 12: The comparisons at different wind speeds in separate plots make 

it harder to understand the results. Consider merging them into a single plot or showing 
the effect of wind speed in one plot and the effect of the floating motion in another (e.g., 
in Figures 10 and 11). Additionally, consider discretizing the x-axis in increments of 90 
degrees. 
Response: Thanks for the suggestions. The author carefully reviewed your suggestions. 
However, we believe that combining all wind speeds into a single plot would make the 
figure overly crowded and harder to interpret. The primary goal of Figures 10 and 11 
(Figure 11 and 12 in the updated manuscript) is to compare results across different 
operating conditions (test cases), such as locked wind only, floating wind only, and 
floating wind with wave cases. The current plotting approach effectively serves this 
purpose.  
 

13. Figures 14, 15, 17, and 19: If the purpose is to compare measurements with numerical 
data, these comparisons should be shown in the same plot for clarity, for each wind 
speed. 
Response: Thanks for the suggestions. The authors have merged the experimental and 
semi-numerical data into the same plot for easier comparison. The change can be seen in 
Figures 15, 16,18, 19, and 20. New figures are also added to provide the non-dimensional 
results as well.  

 
14. Can the authors clarify how the data over one rotation have been considered (e.g., in 

Figure 19)? Is the force over the θ angle an average of several rotations or the last period? 
It could be useful to present the phase-averaged data. 
Response: The experimental data represents the phase average of 5 revolutions. The 
semi-numerical model data is based on the last revolution values after the CACTUS 
simulation has converged.  These points are noted in line 331-332. 



 
Presentation quality 
Please find a list of typos or request of clarification in the manuscript: 

1. Line 39: the authors refer to HVAWTs, it is suggested to call H-shape/H-shaped since 
HVAWT might be confusing (between HAWT and VAWT). 
Response: Thanks for pointing out that. Authors understand that “HVAWT” and “HAWT” 
might seem similar. Now we have changed “HVAWT” to “H-VAWT”. And the sentence 
already mentioned straight-bladed vertical axis wind turbine is termed as HVAWT. Which 
should clarify the confusion between “H-VAWT” and “HAWT”.  
   

2. Line 61: a instead of an 
Response: Authors replaced “an” with “a” in line 63. 
 

3. Line 79: in instead of on 
Response:  Authors did put “ in” instead of “on” in the line 83 too. 
 

4. Line 98 and Line 117: refer to the table 2 in the previous sentence, so it is clear that is 
connected to the concept explained. 
Response: The referring sentences are moved to the previous sentence on line 101 and 
line 122 to make it connected to the concept.  
   

5. Line 128: is the operating condition 
Response: Authors inserted “the” in between.    

 
6. Line 194: typo in “ for are”. 

Response: Thanks. We fixed the typo. Updated sentence: “The measured park loads are 
in the updated sensor measurement load direction.” 
   

7. Line 200: weight 
Response: thanks, replaced ‘wight’ with “weight”. 
   

8. Figure 9. The figure has no legend. Please provide for better understanding 
Response: Thanks for raising this issue. However, authors think that legend in this figure 
would be redundant.  
 

9. Line 236-239: repetition 
Response: Removed the repeated sentence. 
 

10. Line 263: a dot is missing 
Response: Thanks for mentioning this. Authors fixed the issue. 
 

11. Line 317: delete a ‘.’ 
Response: Thanks! We deleted the extra ‘.’. 
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