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Example 3.1: Kinetic Energy from Wind

Estimate the kinetic energy from wind moving at a speed of 10 m/s having a mass of
100 kg. Convert this into English units assuming a conversion of 1,055 Joules per Btu.

SOLUTION:

a. The kinetic energy is simply calculated using Equation 3.1 and the Newton's
Law relationship shown in Equation 3.2:

= 5,000 Joules

z 2
KE=%rnr1=%xlmk3x[mm) x N—sec”  Joules

5 kg—m N-m
b. In English units, the conversion is quite simple:

Biu
KE = 5,000 Joules x — " —4.7 Bt
Joules X 305 Joules .
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Example 3.2: Theoretical Power Extracted from Wind

Determine the power being extracted from wind with a mass rate of flow of 100 kg/s
[220 Ibs/s] at a velocity of 10 m/s [32.8 ft/s]. Assume an air density of 1.2 kg/m?
[0.075 Ibs/ft'] over a cross-sectional area of 10 m* [107.584 £t]. Express the units in the
English system.

SOLUTION:

a. Equation 3.6 is used as shown with corresponding units:

Wind Power ( 'I-*'h"ni:‘s}l=%ﬂf’m3

o 2
Power {W}:%Kl-_z;k&xm mz}{[ IDmJ KM_, y ] W
m

x——= =6,000 W
s kg—m N-m I

b. The wind power of 6,000 W is converted into English units using the simple
conversion factor of 746 W per horsepower:

Power (Iip)=6,000 W x ?;;Pw —8.04 hip




(actual ) ~L} o 2d IS alall Gles (Ko SIS

Actual Wind Power (Watts) = %pﬂzllE,\

where
actual wind power = watts
p = air density, usually 1.2 kg/m? [0.075 Ibs/ft*] at STP
A = cross-sectional area perpendicular to flow (m?)
v =wind speed (m/s)
E, = overall efficiency (includes mechanical and electrical efficiencies)

Example 3.4: Actual Power Generated from Windmills

Determine the actual power generated from a windmill with an effective diameter
of 10 meters, air density of 1.225 kg/m? [0.0764 Ibs/ft7], average wind speed of 6 m/s
[19.68 ft/s], and overall conversion efficiency of 45%.

SOLUTION:
a. Equation 3.7 is used as follows:

Hl,’_i"lf}=%pﬂr-"_’Eg - Ix12258 ’”““f M (8™ | x045-4,676 W
£ nr . LY

F.(h p}= 4,676 Witts x b _ 6.27 hp
746 Watts
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