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1. There are numerous methods for determining reservoir evaporation using various measurements.
This problem assumes the water surface of the reservoir has an area of 10° m? (1 kmz) with a steady
flow rate of water into the reservoir of 0.2 m® s™.

(a) The steady flow rate leaving the reservoir is 0.15 m’ s”'. What is the daily evaporation rate in

[mm day™]? §
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(b) The steady state dissolved salt concentration in the flow entering the reservoir is 300 g m™ and
the steady state dissolved salt concentration leaving the reservoir is 400 g m™. What is the daily

evaporation rate in [mm day"]? M ass jin= MasSS Owt
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(c) Over a day the average heat input to the reservoir is 0.125 kI m™ s "and the entenng and exiting
water temperatures are the same. What is the daily evaporation rate in [mm daz 1?

Heat [N = Heat put » Act
| Le
0. |2519J/25X 10 % 2400 X0 = @ ( c@OO_kg) (zSDOhJ/gg}x 2=

H)OCM
h =




W

2. A vessel contains air and water vapor at 101.3 kPa total pressure and a temperature of 20°C.
Water is at its saturation vapor pressure of p,, =2.34 kPa.
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(a) What is the mass concentration of water vapor in the vessel [g m™]?
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(b) Dry air has a molecular mass ofLS?lgggl_e and water has molar molecular mass of 18 g
mole . What is the total gas density ‘at 101.3 kPa total pressure and 20°C with water at its saturation

vapor pressure?
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(c) The water-saturated air at 20°C and 101.3 kPa also has fog droplets (condensed liquid water)

with a mass concentration of 0.06 g m™. Will this fog change the density of the air calculated in part
(b)? —
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2. (cont.)

(d) What heat is required to clear the fog [kJ m™]?
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3. Photosynthesis occurs within leaves with the overall reaction of

CO0, + H,0 = CH,0 + 0,
where CH,O 1is a simplified formula for organic matter. The CO; comes from the atmosphere and the
H,0 comes from the soil and the molecular oxygen, O,, is released to the atmosphere. The exchange
of the gaseous constituents occurs in a leaf boundary layer that is of thickness 0 where the air is

im
assumed to be stagnant. % pe
(a) Show by a water mass balance over a differential control volume that water mass concentrationih -7 5
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(b) What is the steady state water mass concentration in air within the leaf boundary layer if the

relative humidity is 100% at the leaf surface and Pwa.p in the bulk atmosphere?
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(c) Sun shines on the dark leaves leading to a temperature of the leaf of 7} that is greater than the
ambient air temperature T air- What is the steady state air temperature proﬁle in the leaf boundary

layer?
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3. (cont.)
(d) What is the expression for the heat flux magnitude and direction for the conditions in (c)?
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(e) Sketch the approximate profiles of CO; and O; in the leaf boundary layer when the leaf is actively

photosynthesizing.




4. The dry atmosphere has an adiabatic lapse rate of I;;=—10°C km™.

(a) Sketch the temperature profile for a stable, dry atmospheric boundary layer compared to a neutral
atmospheric boundary layer. 1

(b) What time of the day would you expect to find a stable atmospheric boundary layer and why?
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(¢ ) Sketch the temperature profile for an unstable, dry atmospherlc boundary layer compared to a
neutral atmospheric boundary layer. —
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4. (cont.)

(d) What time of the day would you expect to find an unstable atmospheric boundary layer and why?
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(e ) In respect for the weather today, describe mechanistically Santa Ana winds (also called Diablo
winds, Chinooks, f6hn)
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