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Thank you to the reviewer for the comments on the paper. The specific replies to the
reviewer comments [RC2] are addressed by the author [AC] in the following lines:

1. [RC2] “Introduction, Page 2: the paper should present a more detailed overview of
work carried out in this area so far and what new work is being presented in this study.”

[AC] The author agrees, similar comment was done by RC1. The following paragraph
has been added: The modelling and analysis of a single turbine with hydraulic technol-
ogy has been previously presented for variable-speed control strategies. Simulations
of an individual turbine with an oil based hydrostatic transmission have been presented
in (Jarquin Laguna et al., 2014). The results showed good dynamic behaviour for tur-
bulent wind conditions where reduced fluctuations of the drivetrain torque and power
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are obtained despite the reduced energy capture. The integration of a single turbine
with a Pelton runner using water hydraulics was introduced in (Jarquin Laguna, 2015),
where a passive variable speed strategy was proposed. However, the addition and
simulation of more turbines to the hydraulic network was not included. In an effort to
assess the trade-offs implied by the proposed hydraulic concept, this paper extends
the time-domain simulations to evaluate the performance and operational parameters
of five turbines coupled to a common hydraulic network for a hypothetical wind farm
with centralized electricity generation. In the first part of this work, an overview of the
wind farm model is presented together with the control strategy of the hydraulic compo-
nents; the second part describes a case example where the results are compared with
those of a typical wind farm based on conventional wind turbine generator technology.

2. [RC2] “Page 2, line 8: amend sentence to end as follows: ‘where the results are
compared with those of a typical wind farm based on conventional wind turbine gener-
ator technology”’

[AC] Sentence has been amended.

3. [RC2] “Page 3: Equation (3) is missing. The equation number (3) is being indicated.

[AC] The equation indicating the aerodynamic power is now included.

4 to 9. [RC2] Specific comments to the text.

[AC] All the corrections to the text have been incorporated in the revised version.

10. [RC2] “Page 4, Eqt (12): Section 2.1.4 should include a brief explanation of how
eqt (2) is used in conjunction with eqts (1,2) to determine the rotor torque.”

[AC] . The following explanation has been added: The thrust force is calculated through
Eq. (2) using the tip speed ratio from Eq. (4) and the rotor speed obtained from the
solution of Eq. (5).

11. [RC2] “Page 5, section 2.2, line 17: it should be clarified in the text that linearity
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only holds for laminar flows. For turbulent flow, the non-linear equations have to be
applied.”

[AC] . The following lines and references have been added in the revised document:

The linear models are only given for laminar flow, for steady flow the criteria for oc-
currence of turbulence is simply given by the Reynolds number; however, for unsteady
flow neither the criteria used to predict flow instability, nor the manner in which it occurs
is well understood. In the case of an oscillating flow component which is superimposed
on a mean turbulent flow, the laminar flow solutions might be still applicable over a lim-
ited turbulent flow range. Both physical and empirical-based corrections to the shear
stress model have been proposed for turbulent pipe transients (Vardy et al., 1993;
Vardy and Brown, 1995). The correct modelling of turbulence in transient flows is an
ongoing research topic; it is not addressed in this work.

Vardy, A. and Brown, J.: Transient, Turbulent, Smooth Pipe Friction, J. Hydraul. Res.,
vol. 33, p.435–456, 1995.

Vardy, A., Hwang, K., and Brown, J.: A Weighting Model of Transient Turbulent Pipe
Friction, J. Hydraul. Res., vol. 31, p.533–548, 1993.

12. [RC2] “Page 7, line 16: a more elaborate explanation is required about the fun-
damental physics governing Pelton wheel operation: If the rpm is kept fixed, then the
jet velocity and hence the press drop across the nozzle should be also fixed. k should
also be fixed at the optimal value of 0.5 for optimal efficiency. An explanation of how
this condition is applied in the numerical solution is necessary.”

[AC] . A new paragraph and figure 6 have been added to clarify the Pelton operation:
The theoretical Pelton efficiency is shown in Fig. 6 for different friction factors and
constant bucket angle. Optimal efficiency is obtained when the water jet velocity is
twice the tangential velocity of the runner at PCD. If the Pelton runner speed is kept
constant, then the jet velocity and hence the pressure drop across the nozzle should
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be also kept constant in order to operate at maximum efficiency. A Pelton turbine
operating with a constant rotational speed considerably simplifies the integration with
the electrical grid. The constant rotational speed is realized by using a grid-connected
synchronous generator, similar to most large scale hydroelectric generation plants.

13. [RC2] “Page 9, first line: ‘so-called’ ”

[AC] Correction is made in revised version.

14. [RC2] “Page 9, line 9: this is linked to comment 12 above. Explain in the text
why you have a constant pressure supply. To what extent is the control system able
to maintain a constant pressure when intermittent wind conditions cause the water
flowrate to change abruptly?”

[AC] The following explanation is now included in section 3.3 Pump controller: A con-
stant pressure in the hydraulic network is desired, not only to keep the Pelton turbine
operating at maximum efficiency as described in section 2.4 , but to be able to con-
nect the water pumps from the individual turbines to the hydraulic network. In addition,
maintaining a constant pressure supply is beneficial in minimizing fatigue damage to
the hydraulic system components

15. [RC2] “Page 9, section 3.2, first line: it is worth mentioning that maintaining a
constant pressure supply is beneficial in minimising fatigue damage to the hydraulic
system components.”

[AC] Added, see previous comment.

16. [RC2] “Page 19, first line. Explain the difference between the control systems of
Buhagiar et al and that being proposal here.”

[AC] The following clarification is now included in section 3.2 Spear valve controller:
Another option is to implement a constant pressure control as proposed in (Buhagiar
at al, 2016), where a feedback controller is used in combination with feed-forward com-
pensation.
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17. [RC2] “Page 11, line 9: Include a table with the derive values for the different gains.”

[AC] Table 1 with Controller parameters of the spear valve augmented controller is now
added.

18. [RC2] “Page 12, line 15: wouldn’t a compressed air or weighted accumulator help
solve the problem of increased activity of the pitch controller?”

[AC] This could be possible if a pneumatic or hydraulic actuator is used for the pitching
system, however in this work the pitch actuator and controller is maintained from the
NREL reference turbine without modifications to allow an easier comparison of the
proposed hydraulic concept.

19. [RC2] “Page 13, Figure 10: if the hydraulic turbine only includes an open-loop
system with the pump housed at the nacelle, then a separate boost pump is required
to be able to supply the sea water up the hub height. Has this been factored in the
analysis?”

[AC] This is correct, the following lines have been added for clarification: For the hy-
draulic turbines, a separate boost pump is required to supply the water to the pump
located at the nacelle. Together with the filters and cooling system these components
comprise the auxiliary equipment which is not included in the analysis. The same con-
sideration is made in the conventional wind turbine technology where the lubrication,
filtering and cooling power required by the gearbox and generator is not included in the
analysis.

20. [RC2] “Page 18, line 1: add a full stop – ‘conventional technology. For the pre-
sented..’ “

[AC] Sentence has been corrected.

21. [RC2] “Page 18, line 3: quote here the percentage efficiency of the pump and that
of the hydraulic network. “
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[AC] Both efficiencies are included in the conversion from point A to point B. Making
distinction of the separate efficiencies is in the author opinion more confusing and not
consistent with the rest of the presented results.

22. [RC2] “Page 18: Conclusions - comment on any opportunities for costs reduction
offered by the new concept”.

[AC] Opportunities for cost reduction are now included in the introduction with refer-
ences. The conclusions also include further work.

“Hydraulic systems have already shown their effectiveness when used for demanding
applications where performance, durability and reliability are critical aspects. In par-
ticular, the efficient and easy generation of linear movements, together with their good
dynamic performance give hydraulic drives a clear advantage over mechanical or elec-
trical solutions. Furthermore, hydraulic drives have the potential to facilitate the integra-
tion with energy storage devices such as hydraulic accumulators which are important
to smooth the energy output from wind energy applications (Innes-Wimsatt and Loth,
2014). In any industry where robust machinery is required to handle large torques,
hydraulic drive systems are a common choice. They have a long and successful track
record of service in, for example, mobile, industrial, aircraft and offshore applications
(Cundiff, 2001; Albers, 2010). Therefore, it is evident that the use of hydraulic tech-
nology is recognized as an attractive alternative solution for power conversion wind
turbines (Salter, 1984). For the proposed concept, using high pressure makes it possi-
ble to reduce the top mass of the individual rotor-nacelle assemblies. For this reason,
a high potential exists to reduce the amount of structural steel needed in the sup-
port structures as well; for a 5 MW turbine in 30 m water depth, 1.9 ton of structural
steel of the monopile can be saved for every ton of top mass reduction (Segeren and
Diepeveen, 2014). Using high pressures makes the use of fluid power an attractive
means to transmit the captured energy from the rotor-nacelle assemblies to a central
platform.”
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The author hopes that the modifications to the manuscript and replies to the reviewers
satisfy your requests.

Interactive comment on Wind Energ. Sci. Discuss., doi:10.5194/wes-2016-54, 2016.
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