























Step 2: First chord and twist optimization and Reynolds number check

The chord and twist distribution for the most inner radial sections are considered as being given
by structural limitations. Therefore these values are fixed during the optimization process. Also
the checkbox Airfoil distribution fixed (t is calculated) is checked, so that the airfoil distribution
will not change during the optimization process.

Select the Optimize Geometry checkbox and, if applicable, enter the maximum values for the
chord and twist below. For optimization for maximum annual yield, make sure that Wind Range
is checked. It is recommended to use an increment of 1 m/s for the optimization process. Press
Start to start the optimization process. During the calculations, the process can be canceled by
pressing the ESC key.

The graph that pops up during the optimization process shows the improvement in the annual
yield with the chosen wind climate. The optimization starts with the chord distribution from tip
to root (steps 1-27). This part of the optimization gives the biggest improvement. The twist dis-
tribution shows only a small change at the tip and the root (steps 28-54). The improvement of
the second iteration (steps 55-108) is much smaller. A 1.6% annual yield increased is obtained
with respect to the initial design.

Figure A.2. Example - Design after first optimization cycle.

At the root sections, the chord length and twist are limited to their maximum allowed values of
3.5 m and 15° respectively. The thickness distribution is modified in accordance with the new
chord distribution and the airfoil distribution. During the optimization process, the thickness dis-
tribution must always be checked to satisfy the structural requirements.

At this point, make sure that the Reynolds numbers along the blade correspond to the Reynolds
numbers of the aerodynamic coefficients for your chosen airfoils. If not, add more airfoil data
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for the corresponding Reynolds numbers and run the chord optimization again. You can check
the Reynolds numbers in the Output sheet after the Fill Output button is pressed.

Step 3: Chord and twist adjustment and smoothing

After the first optimization, the chord, twist and thickness distribution need to be smoothed.
Figure A.3 shows the design after some smoothing. The maximum twist is set to 13° and the
Smooth Geometry button has been pressed 10 times with free chord and twist values for a large
part of the design. The annual yield decreased with 0.2% and is now 1.4% higher than the initial
design.
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Figure A.3. Example — Optimized design after smoothing.

Step 3: Redistribute airfoils

Because the thickness of the optimized design has increased, a redistribution of the airfoils with
preservation of the original thickness distribution will improve the annual yield, because thinner
airfoils with less drag will be used. To do this, uncheck Airfoil distribution fixed (t is calcu-
lated), copy the original thickness distribution (initial design) in the sheet, and press Start. Don’t
forget to fix the airfoil distribution again, before the next optimization step is started. The result
of the optimized design with redistributed airfoils is shown in Figure A.4. The new airfoil dis-
tribution results in a 0.15% higher annual yield.
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Figure A.4. Example — Optimized design with redistributed airfoils.

Step 4: Second chord and twist optimization

Because of the redistribution of the airfoils, a second optimization of the chord and twist distri-
bution will further improve the annual yield. Figure A.S shows the result of the second optimi-
zation. The annual yield has increased with 0.13%. After smoothing (see Figure A.6) the annual
yield is still 0.1% higher.
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Figure A.6. Example - Design after the second optimization and smoothing.
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Step 5: Peak shaving

Figure A.7 shows a graph form the sheet Output Graphs after the button Fill Output is pressed.
As can be seen, large angles of attack occur at the tip for wind speeds between 9 and 12 m/s.
This is due to the fact that the maximum rotor speed is reached at 9 m/s while the rated wind
speed is 11 m/s. This means that a region of suboptimal rotor speed exist for which the ‘optimal’

pitch settings are shifted towards negative values (see also the last column in Figure A.6).

When the option Peak shaving is used, the angles of attack will not increase in the region of
suboptimal rotor speeds. Furthermore, the maximum axial force will be reduced with 30%,
while the annual yield will decrease with only 2% for the current design. Figure A.8 shows the
angles of attack when peak shaving is used. Figures A.9 and A.10 show the power curves and

axial forces.
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Figure A.7. Example — Distribution of angles of attack after the second

optimization and smoothing.
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Figure A.8. Example — Distribution of angles of attack with peak shaving.
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Figure A.9. Example — Power curves of the initial design, the optimized design and the
optimized design with peak shaving.
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Figure A.10. Example — Axial forces of the initial design, the optimized design and the
optimized design with peak shaving.

If necessary, repeat steps 3, 4, and 6...

Note that in practice the optimization process might be more iterative. Improving the induction
distribution might decrease the yield unacceptably, or visa versa. Eventually, successive optimi-
zation cycles including manual changes of the chord and twist distribution must lead to the final
design.
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Step 6: Twist Alignment.

Normally, the minimum twist value zero by definition. For this, the button Align Twist can be
used. It does not change anything to the design. A pop-up window will appear with the warning
that all twist and pitch values will be modified, including fixed values. Click Yes to align the
twist distribution. The pitch angles will be adjusted to the new twist distribution. Figure A.11
shows the aligned twist distribution and the adjusted pitch values (last column).
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Figure A.11. Example — Final design with aligned twist distribution.
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