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Q1. a) Pressure exerted by the fluid that is present within the void space of a porous media is
measured in the units of kPa. Due to the interconnected nature of the void space, the fluid pressure
increases hydrostatically with depth. It affects the inter-granular stresses between the particles of

the porous media.

Pressure head is a convenient way by which civil engineers express the fluid pressure. It can

be defined as the level to which the fluid will rise if a standpipe were to be inserted at a given

location within the porous media. It is measured in length units such as ‘m’.

Potential head is the pressure head measured above a datum. The height of a given point
above the datum is called elevation head. Potential head is defined as the sum of pressure head and
the elevation head. Elevation head is taken as positive if the point of interest is above the datum,

otherwise it is taken as negative.

[10%]

b) Consider vertical flow through a soil deposit of two horizontal layers with differing hydraulic

conductivity.

la

HIISSSSILIIILILI LI SIS IS SIS IILIS LTSI LSS SIS ISSISI SIS SIS S S L E e
PIISLISSSILIIILIL LSS SIS SIS LIS SIS SISIS SIS IS SIS SIS AL L
prssy LISSIIII IS SIS SIS A7,
(il Layer 1 l(1 CPILIIII SIS SIS ISP A 7,
'S LISILIS IS ISP IS SIS SIS
Ll A Lt P Pl P P P Pl

///////////////////////////////////////////////////////////

Laver 2 Kz

CRinAnnindng

LR

5%

3
b

Ly

L,

Assume unit length into the page. Continuity of
mass flow rate requires that the volumetric flow
rate of water through layer 1 be the same as that
through layer 2.
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A= 4,=4, =v constant

Al # Ah, but Al +

%

where A/r_z1 is the difference in potential head between the top and bottom of layer 1. Similarly for

layer 2:



V=

L+, [AE + AZZ]
£+£ L+L,
K K
but (AR +4R, | is the average or effective vertical hydraulic gradient across the whole deposit, and so

L+1L,
the effective vertical hydraulic conductivity of the deposit is:
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Q 2 a) Specific heat capacity cp or more commonly Specific heat is defined as the amount of heat
energy that is required to change the temperature by a given amount. It has the units of kl/kg/°K.

Volumetric Heat Capacity (VHC) is defined as the ability of a given volume of soil to store
heat energy for given change in temperature. This can be calculated as;

VHC = pc,

where p is the density of soil. If the soil is dry we use the dry density, if it is fully saturated we use
the saturated density of soil. VHC has the units of J/m*/K.

The thermal diffusivity of a material a can be viewed as the ease with which heat can flow
through the soil. It is defined as the ratio of the thermal conductivity to the volumetric heat capacity.

A A
o= — = —
VHC pcy
Thermal diffusivity o has the units of m?/s. [15%]
2b) Consider plane flow in a unit section one metre into the page for an isotropic homogenous

porous media. The heat flownet will be composed of:

o Heat flow lines, representing the average trajectory of heat flow; c.f. streamlines in fluids
e |sotherms, of 6T
e Boundary conditions

There can be no heat flow along an isotherm and therefore heat flow lines and isotherms meet at
right angles (i.e. orthogonal to each other). Isotherms cannot cross each other. Heat flow lines
cannot cross each other and we can think of heat flow lines as boundaries of a flow tube. From
continuity, the heat flow rate within each flow tube must be constant.




Applying Fourier's law to the element of breadth b and length /:
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For convenience a flow net of curvilinear squares is usualty drawn with b=/, by adopting simple trail

and error solutions. If the isotherms are drawn with equal drops in temperature then 8T = A%, ,
T

where AT is the total change in temperature along the heat flow tube from a source of heat to a sink

and N7 is the number of drops in temperature. The heat flux rate per flow tube is:

H=Ax éz per heat flow tube.
NT

So a heat flow net of curvilinear squares will have constant temperature differences and the same
heat flow in each tube. Curvilinear squares have edges crossing at right angles, and an inscribing
circle would just touch all four sides.

H=H, =H,

If there are Nsflow tubes then the total heat flow quantity will be:

Nf
H = AAT W/m length
Ny
[25%]
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3 (a) Stack effect Stack effect is caused by temperature differences inside
and outside. A temperature difference implies a density difference, and if the
internal air is warmer than that outside, it will be less dense. Assuming there are
no adverse wind conditions, the internal air will thus tend to rise, flowing out of
upper openings, and drawing external air through lower openings.

Steep pressure gradient

due to high density cool air
e—

Milder pressure gradient
due to less dense warm air

N
R B<—D ‘ —
\\/ i \
\
\ i
VA C—>C
P.
po \\ '—, i
\ |
L \

which shows a tall room with two openings, one at the top and one at the bottom.
The external temperature is 7, (in Kelvin) and the internal temperature is 7;
everywhere through the room.
Assume that that the air is moving so slowly that kinetic energy terms (i.e.
dynamic wind pressures) can be neglected everywhere except across the orifices.
The pressure p,(H) outside the upper opening is thus:

po(H> =Po — pogH (1>

where p, is the density of the external air at Ty, ¢ is the gravitational constant
and H is the distance separating the 2 openings. Similarly, inside the room, the
pressure inside the upper window is:

pi(H) =pi — pigH (2)

where p; is the density of the internal air at 7;. The pressure differences across
the bottom and top opening respectively are:

Apy = Do — s
Apy = pi(H) — po(H) = (ps — pigH) — (o — pogH) = s — Do + (po — pi)gH



Thus, the total pressure difference between the two openings is:
Aps = Apy + Apy = (po — pi)gH (3)

Assuming that the air expands linearly with temperature, the density decreases
as the reciprocal of temperature, thus

1

pPX T (4)

and taking conditions at say 273K as a benchmark, then

o) 273
_ro_z )
Par3 T ( )

whence 273
pP= /7273T (6)

The buoyancy-driven pressure difference Ap; driving the flow may thus be written

()

273 273
Aps = parsgH ( - >

L, T;
Equating this to the pressure losses through the two orifices, we obtain

1 Q@ 1@

Ap=spm—3+5° 752
2" ClipAl 27 Couphl

which rearranges to give a flow

A1 Aq 2Ap,
= —F—= Coif 4| —— 9
O mrm Y o ©

with Aps given by Equation 7.
This equation predicts the flow rate one might obtain from a stack-driven flow
through two orifices separated by a height H.



7 (b) N
:> Voluume = (000 m®
H= 7m ﬁ: 9-8 M/LSZ Cm‘g = 0-6]|
T, = 27> +5 = 278 K.
.= 273+ Jo = 270 K
C?) Vet latior, Kelz
Q. = AC, 273~ 293
Oﬂ{ Zﬁ” = T
A* = AjAL = 022 _ .36 m

_ : 0-61x : : 273 _
Q, = 036 X flax X T X ST APTE

T 725 273)
(-2

::> 057/ MB/S.

—— '
"o AC”"V/agoo

3600 X 057 - 206

ACH = 9600 A T
(000 ™ -

\/tm‘/ﬂmtw:w Heat [of2 T
o, * Cp X X (Te— ﬁ>
x -2 X (m_g>

—
—

@VP»L’

= Il kw
A A



3 ()
G Max? maom Nuwnber of  peop e
Lo/ X L/s pev  pevsti

Totel &)y wn  soom = A x 00D
- 5732/\g
No. % people = S73 _ &7 peeple
[0 ,



() 0@ Ay = 05X 1D = b€ m"
A\guﬁ)m = 50 Mz‘
Z;W -  75°C 7('%,{% = 21 ¢
él/;ji = 0-97 éuu/aa,: 09
(e Ced

wa Lo abesr 10 Enclesting,
@,)_: hre Ay - (77"7)__>

12

NYNYYS hi

/ Fro = A

A

567 xio Ewmrt ( erejan— btz monn Cordonl)
+ T, /’ FI)— = | ( Vieed /m>
z.

hy = 7-2¢ @/ml—lg

X 0 (75-21) = 3/4 W
A, = 726 x 08 X (7s )



~ Ibo®T
i KS
= I/ W
. [D x 12 X 1000 /K
1000
“wott = Al wan = 15 x0-35T = §228 W/
Ko = Ao X U, = S X IS5 = 75 &J/A
Eklu']f"f" waflémfu\j
qoW +
o STAVAVAYAY . @ W+ & foat
Te = §'¢ To=3rc
T = 21 = [ venr + Kuwatr + Kiw | X5 + 90+ Qlea
[~

[ e + Kaomtl + Ky, ]

i = 306 W

—

Yoo ik sdeguete |




Crutn, = 0719 Evad = 097
Spn = 00 o= te,e T, data
%%% l/é,; = Ve ot Je, ~L[
T, = T, +1=
2
No  Foig

//é' = iy c, = 087

T = 330 k.

12
h, = 7 1£ M/MLL
Qpo . = 200 W
Witt,  Fod
!/C/z = 25 &, = 004
T, = 3%0-5 K-
hy = 0:92 LJ/ML







