PHYSICS-2
Elementary Physics of Energy

Homework 8 Solutions
Adam Chan

1. To produce 120 Volts, given that each individual cell gives approxi-
mately Volt, around 240 individual cells would be required. Estimate
a solar cell efficiency of 15

1000Btu
ft?

the effective insolation is %. The total required energy for heating

is 2 x 50 x 10°Btu, or 1 x 10®Btu. Spread over the heating season

of 180 days, this requires a daily input of 2X10CBtu — 556 « 105 Btu.

180
Dividing this by the effective insolation gives a required collector area

of: 5.56 x 10° Btu(gter) = | 1111 f#2 |

2. Assuming an insolation of and an efficiency of .5 means that

3. This calculation is similar to Example 4.1 in the text. One Btu will
heat one gallon of water, weighing 8lbs, by 1°F, so:

1200gal ~ 8lbs  1Btu

50°F = 4.8 x 10°Bt
day % gal 8 1°Flb x % “

Assuming an efficiency of .5, twice this amount of energy is required,
so the collector area needed is

9.6 x 10°Btu
1100Btu/ ft2

873 ft?

4. First find the volume of the body of water and determine the mass of
water in the volume, and use U = mgh to find the gravitational poten-
tial energy stored in the water at that height. Taking 90% of this, we
get:

a) 2000m x 8000m x 100m = 1.6 x 109m?

1000k
mgh = ( 07(7); g)(1.6 x 109m?)(9.8m/s?)(500m) = 7.85 x 10*°.J




1MJ

=|7.1x10°M
) = 7 x 10°07

(7.85 x 10'°.7)(0.9)(

7.1 x 10°M J
o = [224M
3.15 x 107s i

1000people
1MW

b)

¢) 224MW x ( ) = 224000 people

d)From the inside cover of the text, 1kWh = 3.60 x 10°.J, so:

1EWh )($0.05
3.60 x 108J " kWh

7.1 x 10" x (

) =[$98.7Million

. Similar to the last problem, use U=mgh to find the gravitational energy
stored, and use AQ = mcAT to find the energy released from cooling
the water:

a) 1kg x 9.8m/s* x 30m x 0.90 = |265.]

4.184kJ
kg°C

b) AQ = meAT = (1kg)( )(2°C) = 8.368k.J

At an efficiency of .03, this becomes 8.368k.J(.03) = .251kJ =|251.J

c¢) These are very comparable energies, so you would need a similar
amount of water for these equivalent hydro and OTEC plants. If ef-
ficiencies change as technology grows, this may change, since there is
much more energy stored in hot water than there is in gravitational
potential.

. Using the formula for the power in a windmill from the text on page
134, we can multiply by a simple ratio to "adjust” the value of the
power for our situation, essentially substituting in a new value of air
velocity for the old value:

1
P = 23k x (2P _ gy

10mph




7. The area of the windmill is 7 x (1m)? = 7m?. The theoretical maximum
is 59%, so we must apply the 60% efficiency to this already lowered the-
oretical maximum. The speed needs to be converted to m/s to use the
expression given on page 134 of the text, which indicates that the me-
chanical power generated is proportional to v3.

10mules " (36003 5280ft)( 1m
3.28 ft

) =4.4Tm/s

lhour lhour’" 1mile

1) P =7m? x 6.1 x 104 x (4.47m/s)® x 0.6 x 0.59 = 0.0606kW =

2) The speed is doubled over the previous case, so the power increases

by a factor of 23 = 8, so P = 60.61(8) = [485W

3) The speed is tripled over case (1), so the power increases by a factor
of 3% = 27, so P = 60.6WW(27) = 16361

1
b) 1) 60.6W x (68();3?) = 1.01 or |1 bulb

2) Similarly, this will give |8 bulbs
3) Similarly, this will give |27 bulbs

8. Notice how in this problem, the specific heat is given per em?, rather
than per kg. This means you must multiply by the volume of the rock,
rather than the mass of the rock.

247 100
o ( Ty % (240°C — 100°C) = | 336 x 10°.7
cm

Im

9. This is an engine problem. We are given the temperatures T}, and T,
which we must convert to Kelvin by adding 273. We then use them to
find the efficiency.

T, — T, T. 925 4 273
_ —lo e 222 0617 =[0.383]
" T, T, 9210 + 273

The percentage of waste heat is given by the amount of heat wasted

(Q.) divided by the total heat input (Q),). But we know that % = %,

3



which we already calculated above as :7; =10.617|

=c
h

. a) First we must find the volume, and divide by the 6 hours of time to
find the volume flow rate in m?/s.

1hr 3

1000m m
o < Go00s) =778

1km

14km? x ( )2 x 12m x

b) Using the flow rate "R” from part (a), we can calculate the cross-

sectional area of the pipe using the flow velocity by the relation R =
vx A

3
77l =7 A

S S

Ao TT78m3 x%:
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