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The authors propose a parabolic Reynolds-averaged Navier-Stokes (RANS) wind farm flow model
using two-equation turbulence model including effects of stability and wind veer. The stability is
modeled using Monin-Obukhov Similarity Theory (MOST). The model is calibrated against large-
eddy simulations (LES) for two similar single wake cases. A double wind turbine and small farm
case is used to validate the model against LES.

The article is relatively well written and follows a good structure. The development of fast
wake models including atmospheric physics as stability and wind veer, is very relevant for the
wind energy community. My main concern with the present work is the limited calibration and
model validation in terms of range of thrust coefficients, ambient inflow turbulence intensity and
atmospheric stability. Furthermore, the model has several components that are either inconsistent
or require more information. I have listed more detailed comments below.

Main comments

1. Introduction, Line 45: The authors write In the WakeBlaster model, a single streamwise
momentum equation is solved by advancing 2D planes of the velocity field, and the introduc-
tion of wakes is accomplished through direct manipulation of the velocity profiles. However
this limits the ability of the model to handle veered or stratified inflow conditions.. 1 agree
regarding the wind veer, but a stratified inflow following MOST could still be handled by a
single streamwise momentum equation, as the Wake Blaster model employs. I recommend
the authors to rewrite this statement.

2. Section 2.1: The authors write: Previous studies have shown that the k epsilon model can
accurately simulate stratified ABL conditions (Alinot and Masson, 2005) and was also suc-
cessfully used in prior simplified models for wake dynamics (Cheung et al., 2025).. However,
Alinot and Masson (2005) applied MOST to the k-epsilon model, which represents the at-
mospheric surface layer, not the atmospheric boundary layer.

3. Section 2.1: The performance of the Durbin time-scale limiter for the application of wind
turbine wakes is quite sensitive to the ambient turbulence intensity, as shown in
[ ]. Hence, a general calibration of the model with LES for a wide range
of cases may be difficult.

4. How is the TI defined in Table 17 Is based on the TKE? Please clarify as different TI
definitions are used in the wind energy community.

5. What is the domain height in the RANS model? Is it 300 m?

6. There are several undefined parameters. What is are the values of the roughness length,
Obukhov length, friction velocity, wall temperature, heat flux, and specified lapse rate for
the RANS model, for both inflow cases? What is the chosen value of the von Kéarméan
constant?



10.

11.

12.

13.

Section 2.2: What are the lateral (y = 0 and y = L,) and outflow boundary conditions
(x =L,)?

Section 2.4: The use of a uniform thrust load distribution typically leads to an overestimated
velocity deficit compared to a more realistic force distribution (as for example the model
from [ ]). This is because a realistic force distribution has a low force near
the blade root leading an additional wake recovery, which is not captured by a uniform load
distribution, see for example [ ].

Section 2.5: The calibration involves two single wake cases from LES that differ in wind
speed (6.52 and 9.05 m/s). However, these inflow wind speeds correspond to nearly the same
thrust coefficient, namely, 0.83 and 0.8. Furthermore, a similar ambient inflow TT of 3.1-3.6%
is used. Therefore, the calibration is covering a very limited space. I recommend to perform
a calibration with LES singles wakes for a range of thrust coefficients and ambient TT levels;
e.g. CT=0.5-0.8, TI=0.04-0.15 (corresponding to offshore and onshore conditions). The
author could also consider to use different stability conditions/ wind veer in the calibration
as the focus of the present work is the inclusion of more complex atmospheric physics.

The title includes atmospheric boundary layer, but MOST is used as inflow which represent
the atmospheric surface layer. Therefore, I recommend to use the latter instead.

There are several model choices that are inconsistent with the chosen RANS equations. This
means that the inflow is expected to develop downstream due to an imbalance with the
inflow, which is based on my experience with elliptic RANS models:

(a) It is unclear how the wind veer is modeled in the proposed RANS formulation, as the
inflow model is based on MOST, which does not consider wind veer. A Coriolis force
is neither considered in the momentum equation. Do the authors directly use the wind
veer from the LES model to rotate the MOST profiles? If this is the case, then the
applied RANS equations are not balance with the inflow model. For elliptic 3D RANS
models, it is common to perform a 1D precursor simulation (height is the only spatial
variable) to determine the inflow for the wind farm successor simulation.

(b) Equation 13: Why is Cj used here? The MOST k profile is normally defined as:
uf/\/CT“/qu/qbg. Hence C}, is related to C), : 5.48C), = 1/\/@ and is not an in-
dependent parameter. If one changes C, then one sets effectively a different C,,.
In addition, one other turbulence model constant needs to be adjusted to make the
RANS + k-epsilon model in balance with a MOST, see for example
[ ]. Following the calibration from Sect. 2.5, the effective eddy viscosity coefficient
is C), = (1/(5.48C))? = (1/(5.48 x 0.72))? = 0.0642, which is not equal to the reported
value of 0.076, and means that the RANS model is not in balance with the inflow.

(¢) The MOST model of Alinot and Masson (2005) is not in full balance with the RANS
equations as the parametrized turbulence model constant (Eq. 5) is only valid up to a
certain height, see [ ]. Hence, if one has a large vertical domain,
then this model is no longer valid.

(d) The use of an active temperature equation in combination with a nonlinear tempera-
ture profile will not result in a steady-state solution. Hence, the inflow will develop
downstream.

If the authors decide to keep their model choices, then I recommend to include a result
without turbines to show the downstream development of the inflow, preferable for a large
horizontal domain in the z-direction, e.g. 50 km.

Figure 2: How does the RANS inflow temperature profile compare with the LES results for
both inflow cases?

Figure 5: At first sight the difference between the low and medium WS cases look significant.
However, this is because the dimensional TKE is plotted. I would recommend to normalize
the TKE (k) by the ambient inflow velocities to avoid such confusion. For example, one



could use 1/2/3k/Uinfiow, to get a TI-representative value while not mixing the result with
the velocity solution. I expect that the results will be similar between the two cases. This
also applies to all other figures where the TKE in dimensional form is plotted. In general,
I recommend the authors to normalize all velocity and TKE plots by their respective inflow
values.

14. The small wind farm case consisting of 9 turbines took 4 CPU min or 4/3600 CPU hours.
Assuming one 1 CPU is used, as it is not mentioned that the code is parallel, then an annual
energy production calculation takes 4/3600 x 360 % 22 = 8.8 hours. This makes the model
difficult to use for wind farm optimization purposes.

15. The streamwise pressure gradient is included in the streamwise momentum equation (Eq. 1b).
Does this mean that the turbine induction is included? In other words, how does the upstream
flow of a single wake look like, for example at 1D upstream?

16. I miss a discussion on some of the model limitations. For example, a parabolic RANS model
cannot capture blockage and speed up effects. Effects of an ABL height are neither modeled.

Minor comments

1. Equation 1d: Brackets seems to be missing at the right hand side terms.
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