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In this article, the authors develop a new analytical wind-farm flow model which accounts
for larger wake losses deep in a wind farm and more persistent wake losses in the far-
wake region. The model, which is named the cumulative-curl model, is then extensively
validated against LES results (from SOWFA) and SCADA data for three different offshore
wind farms. Two main conclusions can be drawn from the validation campaign. First, the
model compares reasonably well with numerical data and measurements in all cases
considered. Second, the new model outperforms the GCH one in cases with large wake
losses and wake recovery over large turbine distances while it performs similarly in the
other cases. I believe that this paper is of interest to the wind energy community as it
shows the potential of a new analytical flow model which partially solves a long-standing
problem, that is the mismatch in predictions in case of deep-array effects. Moreover, I
enjoyed reading this work, which is well presented and well structured. Here below, you
can find some scientific questions and technical comments.

Scientific comments/questions:

Abstract: it could be more descriptive. For instance, the authors write “Two points of
model discrepancy were identified therein. The present article addresses those two
concerns and presents the cumulative-curl (CC) model.” Which are these two concerns?
They will become clear once reading the text, but I would find it useful to mention them
here. Also, would it be possible to translate the “improved accuracy” or “greatly
reducing the computational time” into percentage and speed-up values?
Section 2: I understand that it is more practical to cite others' works instead of re-
writing the full model. Eventually, this also makes the article easier to read. However, I
find it difficult to follow at times. For instance, the authors mention that the original
cumulative wake model proposed in Bastankhah et al. (2021) does not include a near-
wake model. However, in the current work, this deficiency is overcome by representing
the near-wake region with a super-Gaussian wake model. How is this done? Is there an
analytical derivation? I think that the reader would benefit from a more in-depth



description of the model, which could also be provided in the appendix.
Section 3.1 (line 167): Which is the horizontal resolution used in the precursor
simulation? Also, for how long the precursor simulations have been advanced in time?
Section 3.1 (line 197): From where does this formula come? Consider adding a
reference. Also, I would consider a different notation for the wind speed (ws can be
seen as w*s in a mathematical expression).
Section 3.1 (line 230): For how long the wind-farm simulations are run in SOFWA? In
the article, it is reported only the spin-up time (1200 s), but not the time over which
statistics are collected.
Section 3.2: Over which region the velocity is spatially averaged to produce the power
trends observed in Fig. 1? Is the height-dependent velocity profile given by the
precursor simulations taken into account in the analytical models (GCH and CC)? Or do
the analytical model assumes a uniform inflow velocity profile? If so, how is the velocity
magnitude estimated? Does it refer to the velocity at hub height? This information can
improve the interpretation of the validation results.
Section 3.2 (line 243): The authors mention that “The TI assumed in the GCH and CC
models was selected to yield perfect agreement with SOWFA at a 7D distance
downstream.” I believe that if the TI value was tuned so that a zero error would occur
at 5D or 10D, the validation would look different. Therefore, why not use the ambient
TI reported in table 1 (i.e. the ambient TI values given by the precursor simulations)?
Please, comment on this.
Section 3.2.2: How is the ambient TI evaluated in this section? Are the authors using
the ambient TI shown in table 1? I’m concerned about the ambient TI because usually,
the analytical wake model predictions are strongly dependent on this value. Moreover,
it is important to mention the ambient TI in case of the reader would like to reproduce
some of the results. Note that the same question holds also for sections 3.3 and 3.4.
Finally, it is not clear to me how the added TI is computed. Would it be possible to
include this in the text?
Figure 2: I find this plot difficult to read. Have you tried using different symbols instead
of different lines for the various precursor cases? That is just a suggestion since it may
make it worst.
Figure 5: Why the GCH and CC first-row turbine power is lower than the one predicted
by SOFWA in all cases? This mismatch (although limited to a few percentage points)
could lead to a bias in the measurements further downstream. Moreover, I would find it
very interesting to include the prediction of, for instance, the Jensen model in the
current figure. This could highlight how much better the models have become at
matching LES results. However, I also understand that this could be out of the scope of
the current manuscript.
Figure 7: Which are the yaw angles applied at every turbine row? The authors mention
that “This pattern assumes a large yaw misalignment angle for the first row of turbines,
which then decreases linearly to zero for the last row of wind turbines.”. However, they
do not provide the yaw misalignment for the first row of turbines. This information is
necessary in case of the reader would like to reproduce the results.
Section 4: Very nice and strong validation of the model. I have only a minor question
here. In figure 15 (top panel), both models predict a lower energy ratio for a wind
direction of 140 degrees than 320 degrees. Why is this happening? In fact, in the first
case, turbine 22 operates in the wake of one turbine while in the second case it
operates in the wake of six upwind turbines.
I noticed that in many cases the caption of the figures also contains interpretations of
the results. I would use the caption only for describing the figure, therefore moving the
interpretation of the results in the main text.

 



Technical comments:

Line 247: Typo “largely largely”
line 320: re-phrase the sentence
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