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7.10 The 101-m Siemens turbines in Table 7.5 come with either a 2300 or a 3000 kW generator. Using
the approach based on Equation 7.63:

a. Findthe energy (kWh/yr) each will deliver in an area with 5.7 m/s average wind speed.

b. Determine the optimum generator size for these winds. Check to be sure it does better than the
standard size generators.

c. At what wind speed would the 3000 kW generator begin to outperform the 2300 kW generator?
Check to see that the two generator outputs are the same at that wind speed.
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7.11  Consider the design of a home-built wind turbine using a 350-W permanent magnet DC motor
used as a generator. The goal is to deliver 70 kWh in a 30-day month.

a. What capacity factor would be needed for the machine?

b. If the average wind speed is 5 m/s, and Rayleigh statistics apply, what should the rotor diameter
be if the CF correlation of Equation 7.63 is used?

¢. How fast would the wind have to blow to cause the turbine to put out its full 0.35 kW if the
machine is 20% efficient at that point?

d. [fthe TSR is assumed to be 4, what gear ratio would be needed to match the rotor speed to the
generator if the generator needs to turn at 600 rpm to deliver its rated 350 W?
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7.12  Consider the perspective of a landowner being offered the following t
developer. Compare the options.

hree choices by a wind

a. Aflat $20,000/yr per turbine

L+

b. 0.5¢ for each kWh generated

c.  $500/yr per acre (4047 m?/acre) of array
(turbine corner to turbine corner) plus $100/yr per
acre of buffer zone.

Prevaiting winds
7 m/s avg

L

The proposal is for thirty 1.6-MW, 80-m turbines with

3D (side-by-side) and 10D (row-to-row) spacing plus a

5D buffer zone. Winds are modeled with Rayleigh

assumptions at an average wind speed of 7 m/s. Wind-

farm losses (wake loss, interconnects, blade bugs) are estimated at 15%.
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7.13  The 2013 “low wind” turbine pricing in Table 7.6 uses a 1.62 MW turbine with an installed cost
of $2025/kW with a 100-m rotor diameter.

a. Ata site with 6 m/s Rayleigh winds at 50-m, estimate the energy this turbine would deliver at a
hub height of 100 m assuming the usual 1/7th wind-shear factor. Assume 15% losses.

b. Assuming a nominal 9% financing charge with a 20-year term along with annual O&M costs of
$60/kW, find the levelized cost of electricity. Does it agree with Figure 7.48?

$0.12

Characteristics 2002 2009 2013 Turbine Pricing Standard
! $0.11 - / {80-m hub, 82.5-m rolor)
! Technotogy Type Standard Stundurd Standard Low Wind : 2

Rated power (MW) LS 15 1.62 1.62 g $0.10
| Hub height (m) 65 80 80 100 =
| Rotor diamieter (m) 70.5 7 825 Tou £ 50.09

Instafled capital cost (FKW) 1300 2150 1600 25 é

Operating cost (S/KW/lyr)y 60 o0 o0 a0 B $0.08 -
| Losses (5) 15 15 15 15 ﬁ ) Low wind

ot ing ing ¢ H . -
i Finuncing (nominal) (%) 9 9 9 Y9 § $0.07 (100-m hub, 00-mroter) T
[ S
I Table 7.6 $0.06
| Class 2 l Class 3 l Class 4 Class 5
| $0.05 { ; { }
| 55 6.0 6.5 70 75 8.0
| Average wind speed (n/s) at SO0 m
| —

Fig. 7.48
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Figure 1: 3-Terminal EM Conversion System

1. Explain induction machine power flows using the 3-terminal electrome-
chanical conversion diagram (Fig. 1), the machine conditions for average power
conversion, and the induction machine torque speed curve (Fig. 2). Explain

how Faraday’s Law applies to induction machine operation. Note: machine in-
cludes generator, motor, and brake operation.
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Figure 2: Induction Machine Torque Speed Curve
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Figure 1: 3-Terminal EM Conversion System

2. Explain synchronous machine power flows using the 3-terminal electrome-
chanical conversion diagram (Fig. 1), the machine conditions for average power
conversion, and the induction machine torque speed curve (Fig. 2). Note: ma-
chine includes generator and motor operation.
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Figure 2: Induction Machine Torque Speed Curve
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3. Describe the wind power source conditions and required power conditioning
system components for using induction and synchronous generators to convert
n wind power into electrical power for the IEEE Wind Energy Conversions System

types 1 thru 4.
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