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A laboratory study of the effects of porosityand bed tilting on the 
discharge rate of groundwater 
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Abstract : The study of movement of underground water heljs lo prcdict the extent of flow in as much as we can dclctnlinc thc \*r~lnnir rnrc 
among other things. Sand samples from river bed were used as pnr(1us media. u laboratory experiment was set lip to Inok at lotigitudin;tl tlislwrsion III 

term of volume of liquid flowing a-ss ri unit cross sectional area per unit time in these materiafs. Water was made to flow ihrough acylindcicnl pipe 
drilled sideways at intervals. Values of pressure were taken at regular interval and using appropriate basic equations. the volume flux rate was 
determined at various angles of tilt. from which volume rate of flo\\; was also determined. A graph of volume rate of flow against angle of tilt gi\.cs 
the value of volume rate of flow as 1.00 ' 10-lo m31s irrespective of porosity and permeability of the medium provided that llic angle of Filt is 1 A?". . 

Keywords . : Volume flux, hydiaulic conductivily, permeability. hydrostatic angle, porosity. 
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1. Introduction which can be re-expressed as : 

When considering porous media, it is not new to think 
that more fluid (volume wise) will flow through a porous 
material, which is more porous per second than that 
which is less porous. In the same vein, it is exiectcd 
that volume flux rate should increase with increasing 1 = distance in the direction of flaw, alwrtys positive. 
porosity and as the flow is being tilted [I]. It is then 
evidently clear that there exists a strong connection 
between ,porosity, volume flux and the angle of tilt for 
flow, for a liquid flowing through a porous material. 
This work is aimed at examining the variation in  the 
volume flux in materials of different porosities with 
angle of tilt, 0 of flow between 0"s 0 5 25" [I]. 

2. Theory 
Consider a flow through' a porous material of permeability 

a V, volume flux across n unit area of tlie ~n~ro t~s  
medium .in unit time along flow p;tth I, 

Z = vertical coordinate, considered positive downward. 

p = density of the .liquitl. 
I 

g = acceleration of gravity. 

n p  - = pressure gradient along 1 at the point to which 
dl 

V, refers, 

K, Darcy law [2] is written as ': .-- dz = s ine  where 6 is the angle between I nnd the 
fl 1 

(1) horizonral, 

-- 
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\\slwr.c C) 1.31' is tlrt: volttnic. rate i,f flctw or. simply. 
tliscl~argc ralc a ~ ~ d  A .is IIIC average EI.L)SS swtio~~iil ti1re8 
perpendicular .to the lines of flow. 

From eq.' (21, 

. 1f a sample is completely saturated with an incompressible 

r i  z " .  
lluid [4j and is horizontal, then' - =@ that is' t3 = 0. 

d l  

Eq. (4) reduces to 

'I'lre rninys sign it~dicales that pressure decreases with 
tlis[ance t l o w ~ ~  ihe direction of tlow. To doeternline. the 
~wrrneabiliiy A- ill eqs. (4) and (3, a separate exp~irnent 
was perf0rlnr.d 'usirlg the same saad samples. Darcy 
c~lu~lion 151 of the form : 

was z~nploynt, 

\vllcrc C) = 'vi\lunrc rate ;)f llow through sand filter (I~I.'), 

I = ti~iie (SCO). 

s = length Jf the $and filter (m). 

' A = cross-sectional of the sand filter (mZ) and - 
K = proporlioiialily conslant (ms-I), it is called the 

hydraulic conductivity. . 

:I'll(: lxrmeuhility i$ related to the hydraulic conductivity 
A' u1' a porous ~~lzdiil by Hubert King ylatiod 141 i 

whzrr: k t ,  =viscosity of water (Pa sec), 

y = acceleration due .to gravity (ms"). 

3. hluteritlls nnd methods 

1l i vur bcd sand ,samples were collected at different rivers 
ill and acourrd University of Ibadak These were dried in 
an oven and the unwanted grains and organic particles 
sieved off. The porosity, 4 of each sample was determined 
by volurne!ric app~oacli 121. 111 ;in atlclnpt to deteriiiine 
thc hydraulic ca~iductivity of the sa~nples, the set LIJ) in 
Fig111-c I was used. A transparent tur-iilol material of 

Figure 1. A set up for demnnina!ion of hydraulic conductivity. 

radibs 9.4 x m was used with s = 0.11 m and h = 
0.04 m and the vdume rate of flow Q, drained in the 
beaker per minute was noted. The hydraulic conductivity 
of each sample was then determined using eq. (6). Thus 
these values were used to determine the permeability of 
the samples using eq. (7). 

In another experiment involving the same samples, a 

cyiincirical pi&. was used and to allow for uniform 
coinpaction, the pipe was half- filled with water and the 
.sand were dropped to fill it. The pvc pipe used 'was 
drilled at interval, of'0.20 m and has a diameter of 3.45 
x rn was fixed in a horizontal position [6] with the 
aid of a plumb. The pipe was later made to stand at 
angles 8 = 5°,100,150,20" and 25" as shown in Figure 2. 

2. A set up * w i q  wpter flowing t b g h  find filw PIP#. 

An elbow joint made room for an Lshapedl structure, 
which stored water 'at a constant height of 0.06 m. This ' 

height of water was maiataioed by drilling a hole at the 
said point a d  excess water was drained &'through the 
co~inected rubber tubing. .This constant pressure. start for 
all samples at all -angles. 
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A laboratorystudy of the effects ofporosity nrzd bed tiltirrg an the riisrlrn~e rnrr qf ,qrorrrd~~nlcr 

A manometer [6] of tube diameter 0.01 m connected press& increases with increasing distance of flow and 
to a rubber tubing which ended with a tapered metal also i~icresses as thc :111gle of t i l t  has hcen i~iclrnsctl 
brass and plugged into the 4mm holes.~rilled in the pvc from B = 5" to, B = 25" (Figures 4-43. Tnhle I shnws 

.pipe, measured the pressure, (31 along the pipe. cnlculnted v a l ~ ~ e s  of hydraulic conductivity and 
Measurements were made at every angle of tilt i.e. 0 = permeability, used for calculating various voluine flux 
So, -10". 15", 20" .and 25" for each sample. 

4. Results and Analysis 

rate that was Inter used to determine the volutne rate of 
flow (discharge rate). Table 2 shows the calculated vatties 
if volume flu& while Tahie 3 sliows the calci~laled 

For each sample A-E, values of pressure at each point at values of volu~ie rate of flow from the s lops  of fils 
interval of 0.20 m were recorded using a ma'nometes from Figures (3-8) using eq. ( 5 )  and eq. (3) for 0 = 0" 

Horizontal flow was first chsidered, that is, flow at 0 =. and 5" -< B I 250. respectively. The Tahles 2 and 3 

0". Using eq. (4), the value of the volume fl& rate was clearly show that' both 'the \lolurne flux rate and the 
obtained from the slope of graph' of pressure akainst volume rate of flow increase. as the angle of Row 
distance of flow, This graph indicates. that pressure increases. 
decreases with the increase in the distance of flow [1,21 A graph'-of vo~iime rate of flow against s~lglcs of 
and using (4) the volume rate of flow Q .was flow (Figure 9) reveals that the curves' intersect at a 
determined knowing that Q = VA. where' A = n ( g r a n d -  ' 

n h l e .  1. Values of prosily. hvdrrtulic cnnduc(ivi~v ;t110 perntcitlrilily (a9 

d is the diameter of the pipe used given as 3-45 x determined experimen~nlly) for vnriovs sitmples 

Using eq (4). the slope of the graph equals ' Porosity llydrrulic Permenh~lity (m') 

P gp s i n e - V -. Hence, volume flux rate for each sample conductivity ( d s )  
K 

can be calculated visd-vis volume rate of flow (dischnre A 0.361 t 0 001 r  on E--I I ~ I O P  I I  

I3 0 375 t O.(H)I 1.430 L<-4 1.457 ti-l l rate) using eq (3). Figure 3 shows ihe fits for, the graph 
C 0.417 t 0.006 2 C124 E l l  2.062 E-l 1 of pressure against distances of flow for horizontal set 
D 0 448 i 0.d2 2.510 E-l 2 558 F-bl up for a31 the samples (AYE);: here pressure .decreases 
E 0.467 * 0 01 3.533 F-4 3 408 1: I I along the distance of flow. Moreover, a graph of pressure , . 

against distance of flow for tilted flow indicates that P= & = IOOf' kg"*', P ' IC = 10" Pa.s. X = 9.80665 111s : 

Table 2. Experimentally determined values of volume flux for samples r t  vrrio~ts a~igles 

Angle Vol. flux rate Vol. flux rate . Vol. flux rate Vol. flux rate Vol fliix rate 

(degm) (mls)*Er5;(A) , (mls)*E-5;(B) (~slb&S;(C) (ds)*E-5;(D) (ds)*E-5:(E) 

Values of vplume'Rux tate vis-a-vis the fomsponding angles (in degrees). 

Tsble 3. ~x~er ikn ta l l~  determined values of volume rate of flow for samples at various nngles 

Angle Vol. Rate of flow WI. Rate of flow %l.'Ratc of flow Vot. Rnie of flow VoI. Rntc of flow UNIV
ERSITY
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Agun 3. Plol of pressure N S N ~ ~ I S I  dislance of flow for samples with different 
porosity. 
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Figure 4. Plot of pressure ugai~~sr  distance of flow for sample A at various 
angles of lilt. 
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Figure 5. Plot of pressure ub[~irrsr distu~~ce of Row for sample B rt vnriaus 
a r g b  of dh. 

40000 ' I  , I '  I ' I ' 1 
0.06 O.4D 0.80 1.20 0 2.00 

Dial. (m) e 

.Figure 6. Plot of pressure ogaitzst distance of flow for sample C at various 
angles of tilt. 
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Figure?. Plot of pressure againsf distancp af flow for sam& D at various 
angles Of till. 
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Flgur 8. P l a  of pressure against distance 0) flow for $amp!@ # @t v&&r 
u~igles of till. 
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A laboratory study of the eflecrs of porosity and bed tilting or1 the dischnrge mte of grortrihcwt~r 

Figure 9. Plot of discharge rate (volume rate of flow) ngabrsr a&le of flow 
for all samples. 

point where volume rate of flow equals 1.00 x m.'Is 
and the angle B at this point is 1.42", 

As revealed from the discussinn there exists an angle of 
tilt 1.42" in this case where the volume rate of flow 
remains constnnt. One inte'i.esting rnct is rl~at l h i s  viiluc is 
independent of porosity ntid pcrtllei~bility. Ohviousl y. rhe 
result cannot be used for an imperviolts material hut it 

holds for pofous and permeable materials,only. A cursory 
loolc at Figure 9 clearly shows that all 'the Barnples 
converges at this point. 
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