MAE 118B Spring 2007 FINAL EXAM

Professor G.R. Tynan
MAE Department UCSD

CLOSED BOOK CLOSED NOTES NO CALCULATORS OR OTHER
ELECTRONIC DEVICES PERMITTED.

Part I: Multiple Choice 1 pt each

. In thermodynamics work is considered to be

2
a. The integral of fare over a distancd,F "dl
1

b. The time rate of change of energy, dE/dt
The ratio of fuel heating value, FHV, to heat released during combustion
None of the above

oo

. The major greenhouse gases active in the EarthOs atmosphere include
carbon dioide

water vapor

methane

oxygen and nitrogen

a, b,andc

aand b

~PoO0 T

. At present the atmospheric concentration of CO2 is about 350 ppm. This represents about
how much of an increase over pnelustrial levels of CO2 ?

a. 100 % increase

b. 10% increase

c. 30-40% increas

d. 70-80% increase

. If all of different forms of usage are lumped together, the worttt power consumption is
approximately

10 Terawatts
1000 Gigawatts
100 Quads

none of the above

oo oW

. The major primary sources of energy used today, listed in order of glegregnificance, are
a. Natural Gas, Petroleum, Coal, , Hydroelectric, and Nuclear Fission
b. Natural Gas, Coal, Petroleum, Hydroelectric, and Nuclear Fission



9.

c. Petroleum, Coal, Natural Gas, Solar Photovoltaic & Wind Energy, Hydroelectric, and
Nuclear Fission
d. None of the above

In the estimates of future energy consumption given in class it was concluded that the majority
of growth in energy consumption over the next 50 years would occur

a. indeveloped Asia (i.e. Japan, S. Korea, Taiwan, Malaysia)

b. in South America

c. in China and India

d. in the Middle East

Concern over global climate change stems from the fact that atmospheric CO2 concentrations
are increasing due to largeale utilization of fossil fuels. It is estimated that stabilization of
CO2 concentrations at 88 ppm in the year 2050 will require about how much cafhemn
power at that point in time?
a. 1006:10,000 MW
10,000 MW to 100 GW
100GWto 1l TW
about 10 TW
none of the above.

®coooT

Solar photovoltaic cell (PV cell) conversion efficiencies are limited by

a) Defectsand impurities in the cell materials

b) Reflection of solar radiation from the cell surface
C) Diurnal variations of the solar radiation

d) a&b.

The following represent net Carbémee fuel sources:
a. hydrogen formed from reformed methane
b. electrolyzed hydrogensing nucleagenerated electricity
c. renewable electricity
d. none of the above.

10.The wind blows at a velocity V. The power/unit area

a. Is independent of the wind velocity
b. Scales linearly with wind velocity

c. Scales like velocity squared.

d. Scales like velocity daed.
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Part Il: All problems are equally weighted.

(a) Write an expression estimating annual world energy consumption in terms of the
population N(t), average per-capita GDP, and energy intensity.

(b) If world population today is 6 billion people, the globally averaged GDP is
$4000/person-year, and the energy intensity E/GDP is 0.5 W-yr/$GDP, estimate the
annual world energy consumption.

(c) If half of this energy is provided by the combustion of coal and the other half is
provided by the combustion of natural gas, what is the world production rate of CO, ?
Make a reasonable assumption about the conversion efficiency of heat engines.
(This situation approximates the present world energy production picture). One
significant figure is sufficient. One significant figure is needed.

Useful facts: 1 metric Ton of Coal (1000 kG) contains ~3 x 10" Joules; 1kG of
natural gas contains 60 x10° Joules of energy. Assume that natural gas is 100%
methane (CH,4) and that coal is 100% carbon. Atomic weight of carbon is 12 and
Hydrogen is 1.

Now, let us extend the results of problem 1. Assume that it is the year 2100, and that
world population growth has stabilized at 10 billion people. The world-average per-
capita GDP has grown to roughly equal (say within a factor of 2) of the value that
Western Europe and the United States enjoyed in the year 2000 and the energy
intensity for this economic activity has fallen to a value of 0.2 W-yr/$GDP. Gilobal
climate change concerns limit the world-wide rate of CO2 emission to 6 billion tons /
year (1 ton = 1000 kg). Assuming that natural gas is the only fossil fuel in use, how
much carbon-free power is needed ?

Suppose that a solar cell is illuminated by a spectrum that follows a simple law (here
P is the power/unit area and f is frequency in Hz) given as

dP/df =0 at f=0
dP/df grows linearly with f to a value of 1 W/m2/THz at 500 THz (1 THz = 10 '? Hz)
dP/df decreases linearly to zero at f=1000THz for 500 < f < 1000 THz.

a. What is the total power per unit area of this radiation source?

b. What is the value of bandgap of the photodiode material that will

maximize the theoretical efficiency of a photodiode exposed to this
radiation source?

4. Suppose that the incident solar radiation heat flux to the surface of a planet without

any atmosphere is | (W/m?), and a fraction a of this radiation is immediately reflected
back into space. Construct a simple model of this planetOs heat balance using your
knowledge of radiative heat transfer and solve it for the surface temperature of the
planet.



5. Visible light with a power flux of I shines through a window into a box with perfectly
insulating black walls as shown in the schematic below. A fraction of the visible light,
R, is reflected as shown in the figure below. The remainder is transmitted through
the window and shines on the walls of the box. The walls reflect a fraction, a, of this
visible light back through the window, and the rest of the radiation is absorbed by the
walls of the box. The walls then re-radiate the absorbed power in the infra-red (IR)
part of the spectrum upwards through the window as an energy flux E. The window
traps some of this re-radiated IR energy so that only a fraction, !, of this re-radiated
energy escapes. If the walls radiate like a perfect blackbody, find an expression for
the temperature inside the box.

\VART

|,=1,(1-R)

f0d1 E

Perfectly insulating walls

Window

6. Suppose we model the transport of infra-red radiation through a simple uniform
atmosphere of thickness d. If there is a single species of greenhouse gas molecules
in the atmosphere, with a spatially varying density N(x) molecules/m®, where x is the
height above the surface, and the probabiliy*volume/unit length (with units of m?) for
an infra-red photon to be absorbed by these molecules is given as s.

a. Find an integral relation between the infra-red transmission coefficient, !, the
gas density profile N(x), the probability s, and the atmosphere thickness d.

b. Suppose N is independent of x, and the value of N were doubled. How much
does the transmission coefficient, ! , change?

7. Consider a simple volume averaged model of the EarthOs carbon balance in which
the atmosphere, oceans and land regions are lumped into three control volumes.
Write a differential equation describing the rate of change of the mass of
atmospheric carbon, M, in terms of the rate of injection of carbon into the
atmosphere Q., and the fluxes of C between atmosphere, ocean, and
land/biomass. Now assume fluxes are constant, independent of carbon



concentration in atmosphere. Solve this equation for Mc(t) for a general value of
Qc=Qc(t). If If Qc(t)=Qo = constant, find Mc(t).

. A hydrogen-oxygen proton exchange membrane (PEM) fuel cell contains an
anode at electric potential f,, a cathode at potential f;, and an electrolyte at
potential fo. The cathode and anode are connected to an external electrical load.
At the anode/electrolyte interface hydrogen is broken down into H+ ions and
electrons through a catalytic reaction, while the cathode, H+ ions are oxidized to
produce water.

a. Draw a schematic of the fuel cell, labeling the inlet locations for hydrogen
and oxygen, the cathode and anode, the electrolyte location, and the path
that H+ ions and electrons take through the system

b. Describe how is the Gibbs free energy is related to the voltage produced by
the cell and the efficiency of the cell.

Draw a schematic of a single junction solar cell, labeling the p-type, n-type, and
junction regions.

a. Referring to the schematic above, draw a graph showing the relative
densities of electrons and holes across the entire solar cell assuming that
the cell is not illuminated.

b. Now show how the electron and hole densities change when the cell is
illuminated.

c. If the cell is now connected to an external load, show how the charge
carriers move.



