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Gedanken

Tracing wind patterns

Hmm, I'm thinking through how wind circulates around a low-pressure zone in the
Southern Hemisphere, which moves clockwise. Forces to sketch include pressure
gradient, Coriolis force, and friction.

Mapping wind dynamics

Interestingly enough, the wind near a low-pressure zone in the Southern Hemisphe-
re flows clockwise, influenced by friction, pressure gradient, and leftward-deflected
Coriolis force.

Crafting the diagram

I’'m piecing together a "tikz"diagram to illustrate wind around a low-pressure zone:
arrows for velocity, pressure gradient force, Coriolis force, and friction, all showing
a clockwise flow.
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Tackling noise

I'm addressing wind turbine noise by outlining aerodynamic tweaks, rotor design,
operating strategies, and gear box damping, aiming to reduce sound pollution
effectively.

Understanding solar shadows

At 23 degrees north, on June 21, the sun is just too high to cast a shadow. It’s either
faint or absent, pulling toward the north.

Figuring out the area

Calculating the area for the top reservoir involves diving into gravitational potenti-
al energy, factoring in density, depth, and height. This leads me to a concise and
clear solution.

Translating energy units

OK, let me see: converting 10 GWh to joules involves precise calculations, ensuring
the conversion from watt-hours to joules is accurate and clear.

Crunching the numbers

I computed the area by dividing total energy by energy density and height, ensuring
the arithmetic was accurate and the result was clear and precise.

Crunching pressure

I'm working through hydrostatic pressure using the height of 500 m water above
the pipe and ignoring the low-impact dynamic pressure from the 2 m/s water flow.
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Measuring pressure

I calculated the hydrostatic pressure at 500 m to be around 50 bar, focusing solely
on the static head of the water.

Understanding wind factors

Evaluating the implications of 36.5 windless days, it’s clear the wind turbine’s full
load hours can’t exceed about 90% of the year, limiting the capacity factor.



Evaluating capacity limits

Assuming 36.5 days of calm, a wind turbine can max out at 7884 full load hours
yearly, suggesting a peak capacity factor of roughly 90

Pinpointing power needs

OK, let me see. With a glide ratio of 25, an ultralight aircraft at 100 km/h needs
specific power to stay level, ensuring it sustains its flight.

Calculating power needs

I'm working it out: with a 100 km/h speed and 25 glide ratio, the ultralight aircraft
requires roughly 5.4 kW to maintain level flight.

Clarifying the power coefficient

I'm thinking through the Betz limit for wind turbines, noting that the highest
possible power coefficient cap is about 59.3

Mapping the velocity

OK, let me see. 'm pulling together the velocity in the rotor plane and wake,
comparing them to the free stream to confirm the induction factor and determine
the power coefficient constraints.

Confirming the power coefficient

The power coefficient is around 56.25

Assessing wind potential

OK, let me see: a 0.263 exponent suggests a steadily increasing wind speed with
height, leading me to wrap up the analysis and frame a concise conclusion.

Assessing wind strength

Analyzing site A’s broader distribution against site B’s narrower range indicates
A experiences more extreme wind speeds, which could affect the efficiency and
stability of power generation.



Balancing extremes

Site A’s wind speed variability could lead to higher power output during extreme
winds, but also more downtime at low speeds. Site B, holding steady near rated
speeds, shows more predictable efficiency.

Evaluating energy output

I'm thinking about how more variance might ramp up total energy if the rated
speed exceeds the average, while time near mid-range speeds ensures efficient
power generation.

Assessing potential

Thinking through site A’s wind pattern, it could have occasional high yields, but
also periods of near-zero power, leading to unpredictable outcomes.

Evaluating power fluctuations

Site A might drive more energy with frequent high winds, but also has a lot of
low-power hours, making for a mixed productivity.

Finding optimal yield

OK, let’s think it through: Site B’s fast and steady wind speeds are less taxing than
Site A’s erratic gusts, which translates into more efficient energy production over
time.

Balancing wind preferences

I'm working through the benefits of a narrower wind speed distribution for better
grid stability and reduced time with zero wind at Site B. This contrast highlights a
clear preference.

Figuring out yield potential

Site A’s more extensive wind range might yield more energy. However, Site B has
fewer low-wind hours and more optimal conditions for sustainability.



Evaluating wind resources

I'm examining how the broader wind speed distribution at site A can potentially
harness more energy, though the advantage might balance out once the turbine
hits its rated capacity limit.

Evaluating wind profiles

I'm concluding that site B, with its stable wind speeds and reduced low-speed
durations, is more efficient for consistent power generation and grid stability.

Charting the course

Considering how site B consistently delivers more total energy, it’s shaping up to
be the go-to choice for grid stability, despite site A’s edge in potential high bursts.

Evaluating energy production

OK, let me see: site A’s broader wind distribution might mean more peaks but also
more zero-wind days, which affects grid stability and consistent energy supply.

Evaluating energy patterns

I'm comparing wind distributions at sites with the same average speed. A narrower
distribution means more consistent energy, less downtime, and smoother grid
performance, leading me to a stable energy balance.

Balancing energy patterns

I'm analyzing how a turbine near-rated speed can generate consistent power with
fewer down days, yielding a more efficient grid and productivity.

Assessing wind patterns

I'm weighing how site A’s broader wind speed distribution might yield more energy,
but also more low-speed hours, which could decrease overall energy production
efficiency.

Balancing wind speeds

Considering site A’s broader distribution yields more energy with higher wind
speeds but has more low-speed hours, potentially decreasing production efficiency.



Evaluating wind patterns

OK, let me see: site A shows more variation with extreme winds, while site B offers
a steadier breeze, boosting grid stability and consistent energy output.

Assessing wind effects

Thinking about how the broader wind distribution at site A might yield more
energy if the rated wind speed is well above average, but it’s tricky without the
power curve.

Balancing production and grid stability

Site B stands out for its grid stability and consistent yield, sparing the frequent
downtime seen at site A, which is prone to more variable wind speeds.

Determining the impact

I'm figuring out how installing additional turbines will affect the overall sound
level, aiming to reach 45 dB by fully utilizing the existing sound intensity from the
baseline turbine.

Charting turbine impact

Mapping sound levels, I'm thinking through how adding turbines increases inten-
sity. Targeting 45 dB, I figure out exactly how many more turbines are needed to
reach the desired sound level.

Determining current magnitude

I'm working through the generator’s real power of 1 MW, considering the line
resistance and inductance, to ensure the current magnitude matches the grid
voltage.

Figuring out current

I'm calculating the required current to match the grid voltage at the generator
connection, considering the series line impedance and real power. This leads me to
determine the necessary power factor.



Balancing power input

I'm calculating the generator’s power input and current to match the grid, ensuring
the voltage drop is minimized. The goal is to make the grid and generator systems
work seamlessly together.

Balancing voltages

I'm piecing together how to sync the generator and grid voltages to minimize
voltage drops and maximize efficiency, ensuring seamless power flow through the
series line impedance.

Ensuring seamless alignment

I'm figuring out how to match the generator bus voltage to the grid’s voltage,
carefully considering the line voltage drop, so the currents precisely balance and
reach the grid accordingly.

Refining voltage alignment

OK, let’s think it through: zeroing out the voltage difference involves fine-tuning
the real and imaginary components, ensuring consistent and optimized power flow
to the grid.

Balancing voltage dynamics

OK, let’s ensure the generator-voltage phasor aligns perfectly with the grid, opti-
mizing energy flow and maintaining equilibrium at various transmission stages.

Balancing voltage dynamics

I recalculated the generator voltage phasor to ensure it aligns perfectly with the
grid, optimizing energy flow and maintaining equilibrium at various transmission
stages.

Refining the phasor

I'm mapping out the generator voltage phasor to align it with the grid, but rethin-
king the current angle, its relationship to the grid voltage, and the phasor’s expres-
sion.



Refining the setup

I'm ensuring the generator voltage phasor aligns with the grid by tweaking the
current angle, aligning it to produce real power efficiently. This setup maintains
optimal energy flow and grid stability.

Refining angle adjustments

Tweaking the current angle to match the grid voltage, ensuring power factor unity
and a harmonious alignment for steady grid integration.

Balancing alignment

I'm piecing together the grid voltage and current, ensuring power factor unity and
minimizing line reactance for smooth power delivery. This approach optimizes the
integration with minimal loss.

Balancing voltage dynamics

I'm thinking through how to align the generator voltage phasor with the grid to
ensure steady power flow, keeping the grid’s stability intact and optimizing energy
transfer.

Ensuring efficient voltage transfer

Ha, I'm checking that the generator and grid match in voltage phasors, smoothing
power flow, and keeping the grid steady. This approach boosts energy transfer
efficiency.

Aligning voltage dynamics

I'm aligning the generator voltage phasor with the grid, while adjusting the current
angle. This ensures steady power flow, grid stability, and optimal energy transfer
efficiency.

Crafting aligned signals

I'm piecing together the generator and grid voltage phasors, using trigonometric
identities to ensure steady power flow, maintain grid stability, and optimize energy
transfer efficiency.



Balancing voltage phasors

I'm wrapping up with the phasor details, noticing how the angle influences voltage
and current interactions. This ensures optimal power flow and grid stability, perfect
for our needs.

Balancing voltage

I'm ensuring the generator and grid voltages stay matched, minimizing voltage
drops and maintaining a stable grid. This approach helps keep energy flow steady
and reliable.

Ensuring power dynamics

OK, let me see. Ensuring the generator and grid voltages align with minimal
voltage drops keeps the grid steady, allowing the generator to operate effectively.

Ensuring stability

To maintain a voltage difference of zero and stabilize the grid, the real part must
account for voltage drops, ensuring consistent energy flow while managing small
angle differences effectively.

Balancing voltage drops

OK, let me see. I'm thinking through the current and voltage relationship, aiming
for minimal real part voltage drops and steady energy flow, while ensuring the real
part of the voltage difference stays zero.

Creating the fit

I'm figuring out how to align the generator and grid voltages by tweaking the
current angle to sustain power factor unity. This helps keep the grid stable and
energy flow turbulent-free.

Balancing reactive power

I'm mapping out the generator’s power factor and current to keep energy flow
steady and grid voltage stable, ensuring efficiency and smooth integration with the
grid.



Balancing reactive power

I'm calculating the generator voltage phasor, factoring in line impedance and
reactive power, to ensure smooth power flow and grid stability, achieving optimal
energy transfer efficiency.

Losungen

1. (Aufgabe 1) Skizzieren Sie, wie sich die Luft um ein Tiefdruckgebiet auf der
Siidhalbkugel bewegt. Zeichnen Sie an einer Stelle die Richtungen der drei
wesentlichen Krdfte ein.

Losung:
¢ Auf der Stidhalbkugel dreht sich die Luft um ein Tiefdruckgebiet im
Uhrzeigersinn.
* Die drei Hauptkrifte in Bodennéhe sind:

— Druckgradientkraft: vom hohen zum tiefen Druck (radial nach in-
nen gerichtet),

— Corioliskraft: auf der Stidhalbkugel quer zur Windrichtung nach
links (aus Sicht der Stromung),

— Reibungskraft: bremst die Bewegung entgegen der Windrichtung.
Skizze (mit TikZ):

Wind (uhrzeigers.) f J

2. (Aufgabe 2) Welche Mafinahmen gibt es, um die Gerduschemissionen von
Windenergieanlagen zu reduzieren? (ca. drei Sdtze)

Loésung (Kurzfassung):
* Aerodynamische Optimierungen an den Rotorblittern (z. B. Sidgezahn-
kanten, Serrations) zur Verminderung von Wirbelablésungen.

* Beschriankung der Drehzahl (etwa nachts), um den Schallpegel zu sen-
ken.



¢ Schallgedampfte Gondelverkleidungen oder direktgetriebene Konzepte
verringern zuséatzlich mechanische Gerausche.

3. (Aufgabe 3) Eine Windturbine steht bei etwa 23° nordlicher Breite. Was
konnen Sie tiber Linge und Himmelsrichtung ihres Schattens am Mittag des
21. Juni sagen?

Losung:

e Am 21.Juni steht die Sonne (nahe) im Zenit iiber dem nordlichen Wen-
dekreis bei ca. 23,4° N.

¢ Da der Standort fast auf diesem Breitengrad liegt, ist der Sonnenstand
mittags nahezu senkrecht.

* Der Schatten der Windturbine ist daher extrem kurz und zeigt mini-

mal nach Siiden (da die Sonne noch einen Hauch nérdlicher steht). f_)
——

4. (Aufgabe 4) Ein Pumpspeicherwerk soll 10 GWh Energie speichern. Das
Oberbecken (quaderformig) ist 50 m tief und liegt 300 m iiber dem Unterbecken.
Welche Fliche muss es mindestens haben? (Verluste vernachlassigt.)

Rechnung:
E=10GWh = 10 x 10°Wh = 3,6 x 10'3J.

Potentielle Energie:

E=mgh=pAdgh. ¥
Dabei:

k
e = 1000 —%, g~9,81 Ez, , d=50m, A =gesuchte Flache.
m S

Auflésen nach A: g , /
i [,0//4 —

_E 3,6 x 1013
" pghd 1000 x 9,81 x 300 x 50"

Numerisch: , LW, ] I
}'f\”l 3,6 x 1013

hd=~1,4715x108, A=
pg * 14715 x 10°

~ 2,45 x 10°m? = 0,245 km?.

Antwort: Die benotigte Fliche liegt bei etwa 2,4 x 10°m?2, also rund 0,24 km?.

5. (Aufgabe 5) Eine Talsperre ist iiber eine Druckleitung (Querschnitt 3 m?2,
Stromung 2m/s) mit Turbinen 500 m tiefer verbunden. Wie hoch ist der
Druck in der Leitung 500 m unterhalb des Oberwasserspiegels? (Verluste und
dynamischerl;tnteil vernachldassigen.)

Losung:
kg m 6
p=pgh=1000 — x9,815 x500m ~ 4,9 x 10 Pa =49bar.
m S

Antwort: Der Druck betriagt etwa 50bar.



6. (Aufgabe 6) Was konnen Sie iiber die Zahl der Volllaststunden und den
Kapazititsfaktor einer WEA aussagen, wenn 36,5 Tage im Jahr Windstille
herrscht?

Losung (Kurz):

* 36,5 Tage sind etwa 1/10 Jahr =~ 876 Stunden ohne Erzeugung.

* Selbst bei stdndigem Volllastbetrieb in den restlichen Stunden schafft
man maximal 8760 — 876 = 7884 Volllaststunden.

¢ Damit betrigt der maximale Kapazitéatsfaktor (bezogen auf 8760 Stun-
den) hochstens 7884/8760 =~ 0,9, also 90 %.
7. (Aufgabe 7) Ein Ultraleichtflugzeug (Masse 500kg, Gleitzahl 25) fliegt
100km [ h. Welche Leistung wird bendtigt, um in der Luft zu bleiben?

Herleitung:

100000
v=100km/h = —— m/s = 27,78 m/s,
3600

. v y ‘@’I cé,.
Gleitzahl G =25 = (vgink Ezl,llm/s, 24 5 )

P=mgugine =500x 9,81 x 1,11W ~ 5450 W ~ 5 4
~ (-]

Antwort: Benotigte Leistung ca. 5kW.

8. (Aufgabe 8) Die ungestorte Windgeschwindigkeit sei v. Am Rotor wird sie
auf (3/4)v gebremst, im Nachlauf auf (1/2)v. Was sagt Betz dariiber zum
Leistungsbeiwert?

Losung:

¢ Betz-Theorie: vi =v, vg = %v, mittlere Rotor-Geschw. (v1 +v9)/2 = %v.

¢ Induktionsfaktora=1- % = %.

* Betz-Formel: cp =4a(1-a)®* =41 (3)2 = 2 = 0,5625.

Antwort: Der Leistungsbeiwert betriagt = 0,56 (56 %).
9. (Aufgabe 9) In 100 m Hdéhe wird eine mittlere Windgeschwindigkeit von

10m /s gemessen, in 200 m Hohe eine von 12 m/s. Bestimmen Sie den Expo-
nenten im Potenzgesetz.

Rechnung:

v(z) = v(zp) (;—O)a.

Setze zg = 100m, v(zg) = 10m/s und v(200) = 12m/s:

_In(1,2)

12=10x2% = 1,2=2% = «a
In(2)

~ 0,263.

Antwort: a =~ 0,26.



10. (Aufgabe 10) Zwei Standorte A und B haben dieselbe mittlere Windgeschwin-
digkeit, aber unterschiedlich breite Windverteilungen (Weibull). Welcher ist
besser fiir den Ertrag, welcher fiirs Stromnetz? (ca. 3 Sdtze)

Losung (Kurzbegriindung):
¢ Standort B (engere Verteilung) bedeutet konstantere Windgeschwindig-
keiten nahe dem Mittelwert.

* Das ist fiir das Stromnetz vorteilhaft, weil die Einspeisung weniger

schwankt.
E,}/\ e * Beim Ertrag profitieren Windturbinen oft von weniger Stillstand im
q; O(U,_ unteren Windbereich und vermeiden zu starke Extrembedingungen im
oberen Bereich. Meist ist deshalb der engere (konstantere) Wind auch

(Aufga ne WEA erzeugt an einem Punkt einen Schalldruckpegel
von 39 dBYA). Wle viele gleichartige WEA kann man noch hinzufiigen, um
insgesamt auf 45 dB(A) zu kommen?

) nstiger.
el

Rechnung:
Lges =39dB+10 10g10(N).

Gewtlinscht: Lges = 45dB. Also
45 = 39+10log;o(N) = 10log;o(N) =6 = log;((N)=0,6 = N =106 x4,

Antwort: Es ergibt sich N =4. Man kann insgesamt 4 Turbinen aufstellen,
um 45 dB(A) zu erreichen.

12. (Aufgabe 12) Ein Generator speist iiber eine Leitung (R =1Q, L = 10mH,
10kV /50 Hz) ins starre Netz. Er liefert 1 MW. Bestimmen Sie cos(¢p), sodass
die Generatorspannung den gleichen Betrag wie das Netz (10kV) hat, und
berechnen Sie den Strom.

Losung (vereinfacht einphasig):

¢ Wirkleistung P = UI cos(¢). Hier P= 1MW, U = 10kV = [ cos(¢) =

100A.
* Reaktanz X =wL =271-50-0,01Q = 3,14Q).
e Fur |Ug|l = |UNetzl| muss die Spannungsdifferenz auf der Leitung

RIcosep+XIsing =0 sein.

Rcosp+Xsing=0 — tangp=-
¢ = —17,7°. Damit cos(¢) = 0,953.
. = _100_
Aus I cos(g) = 100A folgt I =~ 5555 = 105 A.

Antwort:
cos(p) = 0,95, I=105A.



