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1 (a)  Explain the meaning of geostrophic flow, the assumptions made in deriving
the equations governing this flow and where it occurs. A high pressure system is centred
above City A that lies in the northern hemisphere. City B is due west from A. In which
direction do you expect the geostrophic wind component due to this system to be in City
B? [25%]

(b) What are anabatic and katabatic flows? Toxic gas is released on a slope and
is carried towards you by the wind. Would you prefer the wind to be due to an anabatic
flow or to a katabatic flow? Explain your reasoning. [25%]

(¢) (i) What is the importance of the Monin-Obukhov length? [25%]

(i) On a particular day after sunset, the Monin-Obukhov length is 10 m.
Measurements of the vertical gradient of the streamwise velocity in the atmospheric
boundary layer are made at a height of 1 m above the ground. These are used to
calculate the wall-shear velocity #* by using the assumption that the measurement
point is in the logarithmic layer and that the flow is neutrally stable. What is the error in
the calculated value of #* (in percentage points)? [25%]
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2 A steady free convection flow is set up near the ground on a hot day due to heat
flux O from the ground to the air above. There is no mean velocity in any direction and
the characteristic size of the turbulent eddies is L. The general form of the enthalpy
equation for a turbulent flow is given by
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where 7T is the mean temperature of the air, ¢, is the heat capacity at constant

P
pressure, p is the density, A is the conductivity, x5 is the vertical direction, u3 is the

vertical velocity fluctuation, & is the temperature fluctuation, and an overbar denotes a
time average.

(a) By considering the boundary condition at the surface and the above equation
for the particular problem examined here, show that

oT —
A——pc u0 =—
ax3 pe p3 Q
[20%]
(b)  Show that the kinetic energy dissipation rate & is given approximately by
o8 0
T pc p
[30%]
(¢) What is the characteristic turbulent velocity? [20%]

(d) If the ground were suddenly- cooled to ambient so that the heat flux was
removed, derive an expression for the time taken for the turbulent velocity to decrease
to 10% of its original value, assuming that the lengthscale remains constant. [30%]

(TURN OVER
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3 (a) Briefly discuss the main constituents of photochemical pollution including
the key relevant chemical reactions. [50%]

(b) Assume a “Box Model” of length [, width W, height H, that the
concentration ¢ of a pollutant is uniform, the wind speed is U, and that b is the
incoming pollutant concentration. Derive from first principles a governing equation for
the time evolution of ¢. Include chemical reactions and ground emissions. [25%]

(¢) By considering steady-state solutions of the expression you derived in
Part (b) and by considering how the various parameters may change during the day,
discuss qualitatively the likely diurnal variation of the concentration of an inert pollutant
above a city. [25%]

4 (a) A stack of height H emits Q kg ™' of an inert pollutant in a uniform wind
of speed U. Assuming that the dispersion coefficient o is uniform in all directions and
is equal to ax, where x is the distance from the stack and & is a constant, find an
expression for the distance from the stack where the maximum ground concentration
occurs. [50%)]

(b) In reality, the horizontal and the vertical dispersion coefficients are not
equal. Which one is usually greater and why? For the same wind speed, how do you
expect the ratio between the two dispersion coefficients to vary with atmospheric
stability? [50%]

END OF PAPER



4A8: Environmental Fluid Mechanics

Part I: Turbulence and Fluid Mechanics

DATA CARD

Rotating Flows
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Turbulent Flows — Incompressible
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Density Influenced Flows

Atmospheric Boundary Layer
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Buoyant plume for a point source

;Cl—l; (ERZW)= 27Ru, ()

d (pﬂsz): P 27Ru, (i1)

dz
d
Z(pﬂR2w2)= g(pa -~ p)ﬂ’Rz (i1i)

(1) and (iii) give
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4A8: Environmental Fluid Mechanics

Part II: Dispersion of Pollution in the Atmospheric Environment
DATA CARD

Transport equation for the mean of the reactive scalar ¢:
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Transport equation for the variance of the reactive scalar ¢:
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Mean concentration of pollutant after instantaneous release of Q kg at /=0:
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Gaussian plume spreading in two dimensions from a source at (0,0,z¢) emitting O kg/s:
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One-dimensional spreading from line source emitting Q/L kg/s/m :
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Relationship between eddy diffusivity and dispersion coefficient:
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