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DRATNAGE OF AN AGRICULTURAL
S0IL UNDERLAIN BY AN INCLINED
IMPERVIOQUS LAYER

BY
Dr., Sead I. El-Knawalka®

ABSTRACT

The problem of draining a clay layer , overlying an inclined
apervious substratum , by means of a system of parallel drain
tubes is mathematically sclved in this paper

The complex potentiml |, the velocity potential and the stream
function of the system are established

A new drain discharge formuls satisfying the proper boundary
conditions i1s s£lso deduced . PFipaelly the effect of the angle of
inclination of the impervious layer , on the dreinp discharge is
investizated .

INTRODUCTION

Many theories treated the problem of draining an agrigu%tural
clay soil underlain bg & horizontal fla} %mpervious layerl7
are Spottle , F%}ker\ )", 1911 , Koze *Q§ , 1931 , Hough?ggt(4)
1940 , Hirkha?~- 1949 , Van Deem?g; 77 1950 , Glover )

A Z 5
1954 , Hammad (2) , 1905 and Hathoot'‘-’ , 1979,

None of the above treafments took into account the case in
which the imperious sublayer is inclined , as shown in Fig.

1. The present paper presents & methematical solution of the
above problem which is based on & hydrodynamical basis .

~ATHELATICAL LODEL

To study the effect of the inclined impervious substratum
on a single tile drain B, PFig.Z, the effect of the two neigh-
bouring drains A and C is teken into account ., If drain B is
nydrodynamically represented dy & point sink of strength m, the
two draims 2 and C may be similarly represented by two polnt sinks
of strengths m- and @, , regpectively . To represent the inclined

impervious substratum , the latter is congidered ae & miw=~— =7
the images of points A,B and C , whit
and ¢ are ilntroduced , Fig.2.
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CONPLEX POTENTIAL

The complex potentisl of the three sinks at points A,B,
and T and ftheir images at points K, F and G i9:

¥ = m1ln2 +my in {_Z+L]+m.21n [_Z-L]
+m in [z + 2D gin K + 24D cos’(]
+ g ln[&i +14+2{D=], 8in %) s8in X +21i (D=1 s8in X)cos N]
+ mA 1n[z -L+2{D+L 8in &)sin & +21{(D+l asin®™)cosge o(] (1)

¥ = m tln 2 + 1ln [Z + 2D sin®+ 21D cos xﬂ

¢
H
3

+ M- {ln [Z+L] +1ln EZ+1+2(D-L sin o)ginX+2i(D-L sin& )cosne a(}

1ln [E-L] +1ln [Z-L+2(D+L gin «)sinX+21i(D+L &in & )cosa(_]}
(2)

Substituting 2 = x + 1y where i= y~ 1 and simplifying

W

u

m {1ln (x+iy) + ln [x+2D sin X +1i(y+20 cos¥ i‘]j
+ my (ln (x+L+iy)+ 1ln ['x+L+2(D-L sin&) sin&

+ ‘“( y +2(0 - L sinx)cosx)]} +Om {ln {x-L+iy)

+
[

1 [x-L+2(D+Lsinﬂ<)sina<
+ i (_v + 2 {D + L sinX) cos‘*)-_,l (3)
<
Setiing ¥ = o+ i~ , where¢is the velocity potential and
W i=s the stream function , and equating real to real and
imaginary to imaginary in both sides of Eq. (3) results in

<5b =mn ( 1ln Ry # in ‘5;?} +my (1n F-:3 + 1ln Rd) +m,2(ln R5+ln R6)

(4)
In whic¢h @ \

= { 2 ?\"2\];" (5)

.'.1 = \I + J }

% 5 V2
5 = [’:K+E’D sine ) " +(y+2D cos x ) :] {6)
Ry = [(341)° 4 57" (7)
2 2 1%
- Mx+:-;.‘_.(t;-L gin & )sinu] +[y+2(D-L sinK)coan 3 (8)

fr‘tr\;{-L:; T _72 _];2 (9)
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and
2 2., %

Re =i[x-— L+2(D+L sinu:)sinx] +[y+2(D+L sim()coso(]j (10)
and

s (8, + 92)+m1(93+04)+m2(95 + 9,) (11)
in which

5, = tan™t (=) (12)
92 = tan-l [(y +2D cog o )/ {x+2D sinx)] (13)
0, = tan™> [y/(x + L)] {14)

6, = tan'li[yﬂ(D-L gin™)cosg °<] / [x+L+2(D-—L sind)sina(]} (15)
0. = tan [y/(x—L)] (16)

5. = tan~t {[y_+g(t;+L sin"()cosd] / E;-L+2(D+L gine)sin o-c]} (17)
DISCHARGE FORMULA
The velocity potentisl , qﬁ , My be written in the form :

g K 18
S 7 * ) (18)
in which K is the hydraulic conductivii{y of the soil , P is
the zzuge pressure, J2is the density of water and g is the
acceleration due to gravity .

Combining Eqs. {4) and (13)

*(J;g— +v) = m [;n '.11 + ln Rz] + mlb.n ‘33 + 1n 84]
+ m, [1n Re + 1n R{\] (19)
t points B and ¢ , Pig. 3, assuming that drains are running
just full , the pregsures are atmospheric . Also at point O

on the free water surface the pressure is simospheric .

Applying Eg. (19) to point g

£ - % =m(ln Ry + 1n Ryy) +my ( In Ry + 1n R,;)

-

-

+ m, (1n Ry + 1p 361) (20)

in which
fyp s % (21)



C.4, El-Khawalka

Roy

B3

R41

Rgq

and
Re1

%

"

[(213 sin &)° + ( % + 2D ccmo()2 ]

1+ §) )

]

2 h]
=l[L+2(D—-L sino()sinx] +[§- +2 (D=L er:Lnﬂ‘()ch::m;\«vtﬂajj5
2, ¥
[+ (3]

2
i[-L +2(D+L sinh&)sino&_‘] - %
+ 2 (D +1 sin) co.*zsm']2 }}/2

i

H

applying Eq. (138) to point 0 :

KH:m(lnR12+lnR22)m,l(],nR32+lnR42)
+m, (1n Rgp + 1n R62)

in which

Rio
Roo
Ryp
R42
Rgo

and
Reo

i
= [(3)°+¥]

a[( % + 2D sin 002 + (H+2D . cos cx)gj%
=[(3 % )2 4 E° J%

2
=§.[3 % + 2 {d=L sin ) agin *%] +[H

+ 2 (D -1 sin) cosx j

2
={[— % + 2(D + L gin ) sint(] + [H
+ 2(D + L sin ) cosa(]z } 2

and applying Egq. (19) %o poinmt C :

K

o
?=m(lnR13+lnR23)+m1(lnR33+ln R43)

+ m,(1ln R53 + 1n R63)

in whic¢h :

(22)

(23)
(24)

(25)

(26)

(27)

(28)

(29)
(30)

(31)
(32)

(33)

(34)
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Rg 1
and

R6,3

- [2 (D + L sin ) sina(:]

2
d
2

[17 + &

2
[(L +2D sin &) + {

(_'(21.)2

=l[21. +2 (D -1 sined) sin ag]z + {%

+ (D = L sinx) cosx]zj %

]

%

+(%)2}V2

2

+ 2 (D + L aip x) cosa(]

Zquations (20) ,

regspectively .

m.l+02m2-K

11
31

51
12

<o B~ v B B o B °

32
52
13
33

ool

R
R

and
Cm+C
in whieh
A = 1n
Al = ln
A2=ln
B = 1ln
Bl=1n
B2=ln
C = 1n
Cl=ln
and

02 = 1ln

Rgy

+
+

1ln
in

1n
1n
in
1ln
1n
1ln

1n

(27) end

Am + Ay my + Ay m, - K3
BI\Z+B1m1+Bzm2-KH

(34) may be put in the forms :

1t

o
0

"d

g- + 2D cosq)z}

2

%

(35)

(36)

(37)

(38)
(39)

(40)

(41)
(42)

(43)

(44)
(45)

(46)
(47)
(48)
(49)
(50)
(51)

(52)



Solving Eqs.(4l) , (42) and (43) simltaneously , the strength
m becomes :

d H BiC w g 2
K(?T - ) (1~ B—c—)+(‘—- - J(1= )
e 1 5B 25 B T T 2 (53
B. C B, A |
(g - 0 5f) ¢ (g - g0 1]
o - B e D) ¢ - ges ik
The discharge , Q, of the middle drain is thus given by
B
C 142
.(d-H)(l-Bl‘?)(H-d)(l-——-)J
okl - w2 - ) ey
Q= — e (54)
(e o )1 152+ (g - S - )
[Al N B0 "B T O 3231]

EFFECT OF THE ANGLE o ON THE DISCHARGE

The relation between the drain discharge per uniti length ,
Q, and the angle of inclination of the impervious substratum ,
o 28 glven by Bq.(54) , is shown in Fig. 4.

In Fig 4 all the parameters , L,D,H,d, and K are kept
constant such that the only varisble iz &< .

CONCLUSIORS

From Fig. 4 , it is clear that the relation between the drain
discharge and the angle of inclination of the substratum , o ,
is more of less linear , As the angle o ilncresges the discharge
decreases ., It is worthy 1o note that the drain discharge is
alightly affected by the change of the angle of inclinstion o<
and hence applying the ordinary discharge formulaes ( o« =0,0}
on drains underlain by en inclined impervious substratum will
result in neglible errors .
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NDIX II NOTATION

The following symbols are used in this paper :

~ Quantity defined by Eq. 44 ,
Quantities defined by Eqs. 45 and 46

uentity defined by Eq. 47 .

Quantities defined by Eqs. 48 and 49

Juantity defirned by Eq. 50 .

uantities defined by Eqsa. 51 and 52 .

The distance from the drain to the impervious layer .,

Drain diameter .

Gravitational acceleration .

Height of water itable midway between the middle and
right drains above drain centres .

1] it " nn

it

(1]

Hydraulic conductivity of clay .

Distance between two successive drains .

Strength of the sink representing the middle drain .
n ™" n n " n left "

n n L 1] " 1 righ t A .

Gauge presgure
Drain discharge per unit length .
Quantities defined by Eqs. from 5 to 10 .

" " " W 21 to 26 , from 28 to
23 and from 35 to 40

Complex potential

Cartesian coordinates with origin of coordinates at the
centre of the middle drsin

Z+ iy .

Angle of inclination of the imperviocus substratum ,

Velocity potential .

Stream function

Density of water .,

[ LI T I | B

Hon

#ou foNon

= uantities defined by Eqs. from 12 to 17 .
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