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Period #10: Multidimensional Fluid lew in Soils (II)

A. Review
» Our objective isd solve multi-dimesional fluid flow goblems in soils.

* Last time, massomservation and Day’s Law were usetb derive
the secalled Laplace Equation which governs seega in homogeneous,

isotrpic soil deposits.
0°h/ax>+ 9°hidy>+ 8°h/oz?> =0
B. Possible Methalfor Solving the Bplace Equation.

1) Analytical,closed form or se¥s solutions of ta PDE.
 quite mathematicabnd not very gemal.

2) Numerical slution methods
« typically, thefinite element metd or thefinite difference rathod

 very powerful anckasy to apply
e can deal with hetegeneity, anisotqy, 2D, 3D
o Will usefinite element metd in Lab 6.

3) Graphical'echniques +low—net Methods
« commonly used inrgineering practicé solve 2D flow poblems.

* the ideas behindnis method are noexplained.
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C. Flow—net Methos
« straightforward gnahical method to dee 2D seepage pridms.
 underlying idea:
* solutions of Laplee Equation consisif two families oforthogonal
cwres in the (x,z) @ne. These familgeof curves make ffow net.

» equipotentials:h(x,z) =c: family of cunes along which hekis constant
 flow lines : g(x,2=d: family of curvesacross which flovdoes not occur
*h andg curves must interse at right anglesvherever they cross

» two h curves cannot ietsect each othetiyo g curves cannot inteect.

equipotential, h() =h

/ equipotential, h() =h,
Partial Flow-ne % /

equipotential, h(z) = h,
\ ~ /__/_ equipotential, h(z) = h,
N \ — flowline, g(x,z) =g,

\\ . 3
A \ ~b flowline, g(x,z) =g,

a

\'\ﬂowline, g(x’z) :93
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» Consider the flowateAq though a given stangle formed bywto h—curves
and two g—awes.
* since seepage is aaring parallel tdhe g—curves, canse 1-D form
of Decy’s Law

Ag=Kkia
=k @ h/b) a
= kA h (a/b)

 |[n practice, a rteof equipotentialgh—curves) and fi lines (g—curvesare
drawn onhte flow domain suckhat:

a) The soitlomain is drawn tgcale;

b) The baodary conditions a&r clearly identifie
(fo example, are thieoundaries of thddw domain
egipotentials or flav lines?);

c) The cedl formed by intersging families of arves are all appxamately
sqgare with ratios (&) ~ 1.

d) The eqpotentials and flowlines are orthogai, wherever theyntersect.

* Drawing good flownets that satisfyhese criteria is rialways easy. Usglly it takes
a fair amoumnof trial and erro( and a pencil vih a good eraser.!)

* If flow nets can b drawn satisfyinghese requirementth)en:
1) the Bhw in each channe&Vill contain an eqgal flow. (A channkis the
rgion between two fiw lines or g— cures.)
2) the heed drop between adidjacent equipoitdials or h—curvess the same.
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» Good flow nets prode a good deal of information.
» Therefore, it is important to learn:

* how to draw good flw nets

* how to use flow nis

D. Using Flow Nets

* A good flow net carpbe used to computich things as:
« total flow rates;

o fluid pressure distbutions;
* local flow velocites;

* local hydraulic grdients;

. etc.

1) Calculatinghe total flow ratey in a given prol@m

flow rate = q =# of flow channels) (flow rate in eaclthannel)
= -Aq =1 kAh(a/b) =g kAh
= k [AH/ng] = kKAH[N¢/ngy]

where: p is the numbeof flow channels irthe flow net;
ny Is the number dfiead drops in thédw net (or the
nurber of equipotentia — 1);

AH is the total bad loss in the flo problem;
k is thesoil permealbility.
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Observation
* People sometimesitik that drawing vey fine flow nets vith many
had g lines will give them more accumtesults.
*Since itis the rab of n, and n that determines &éhaccuracy of

theesults, good redts can often bechieved with coarse
butvell-drawn flow nés.

2. Using the Flar net to compute flid pressures in éhflow domain.

* The equipotentialef a good flow netgive the piezometr head distributio
througbut the flow domain

*Once the head valwd a given points known, the pressel can be
computedsing the definitef head as follows

Sinceh =h, +p, /Y, , and handzxare known, then pssure
can esly be computed asp, =Y, (h - h).
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3. Example Probia (This flow net$ definitely not perfect, butsacceptable.)

For the flownet shown:
a) competq
b) compet (p,) at B

Soluti

olution:

First: notehat 3m
n=4; n~ 12

Ah = 2m/rh =2m/12 z

= 0.18m

a) q =KkAH -(4/12)
= (1.0m/day)*2m*(412) [/m
= 0.67nf/day

b) % =10m - 1@&h f: il

= 8.33m Y
reference datur A
flow line

Ryg= Yuh — W
= 9.81kN/n¥(8.33m-1.5m)
= 67kN/n?.
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4. Additional Example Problem.
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E. Proceduresfor Using Flow Nets with Anisotropic Soils

(Thismaterial covered in class).



